South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional

Repository and Information Exchange

Electronic Theses and Dissertations

2016

Effects of Bran Treatment on Rheology and Sensory Quality of
Whole Wheat Flat Bread

Jigyasha Mishra
South Dakota State University

Follow this and additional works at: https://openprairie.sdstate.edu/etd

b Part of the Dairy Science Commons, and the Food Science Commons

Recommended Citation

Mishra, Jigyasha, "Effects of Bran Treatment on Rheology and Sensory Quality of Whole Wheat Flat Bread"
(2016). Electronic Theses and Dissertations. 961.

https://openprairie.sdstate.edu/etd/961

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F961&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/79?utm_source=openprairie.sdstate.edu%2Fetd%2F961&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/84?utm_source=openprairie.sdstate.edu%2Fetd%2F961&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/961?utm_source=openprairie.sdstate.edu%2Fetd%2F961&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

EFFECTS OF BRAN TREATMENT ON RHEOLOGY AND SENSORY QUALITY OF

WHOLE WHEAT FLAT BREAD

BY

JIGYASHA MISHRA

A thesis submitted in partial fulfillment of the requirements for the

Master of Science

Major in Biological Sciences

Specialization in Food Science

South Dakota State University

2016



EFFECTS OF BRAN TREATMENT ON RHEOLOGY AND SENSORY QUALITY OF

WHOLE WHEAT FLAT BREAD

This thesis is approved as a creditable and independent investigation by a candidate for
the Master of Biological Sciences with a specialization in Food Science and is acceptable
for meeting the thesis requirements for this degree. Accéptance of this thesis does not
imply that the conclusions reached by the candidate are necessarily the conclusions of the

major department.

Padmanaban Krishnan, Ph.D. Date
Major Professor and Thesis Advisor

Vikram Mistry, Ph.D. Date
Head, Department of Dairy Science

Dedn. Graduate School Date



ACKNOWLEDGEMENTS

| express my utmost gratitude to my major professor and thesis advisor Dr.
Padmanaban Krishnan for his excellent guidance, valuable suggestions and motivation

throughout the dissertation work.

| would like to acknowledge my thesis committee Dr. Kasiviswanathan
Muthukumarappan and Dr. Douglas Raynie for their individual support and suggestions.
I would also like to thank Dr. Djira for his valuable suggestions on statistics and Dr. Karl
Glover who provided my samples. | would like to thank all of my friends for their direct

and indirect support throughout the work.

Lastly, I am very much indebted to my husband, Bimal Paudel and family
members for their constant encouragement, love, inspiration and moral support

throughout the work.



TABLE OF CONTENTS

LIST OF TABLES ...ttt sttt ne e viil
LIST OF FIGURES ... .ottt X
ABBREVIATIONS ...ttt ne e Xi
ABSTRACT ..ttt Xiii
CHAPTER 1 INTRODUCTION ....coiiiiiieiii et 1
1.2, INEFOTUCTION ..ttt 1
1.2. Problem SEAtEMENT ..........ccuiiiiiiieii e 4
1.3. Research Objectives and HYPOLhESIS .........ccveiveiiiiciicce e 6
1.3.1. ReSEArch ODJECHIVES .......ccviiiiiieieie s 6
1.3.2 HYPOTNESHS ... bbb 6
CHAPTER 2. LITERATURE REVIEW ......ooiiiii e 8
2.1. Background Of WHEAL ..........couiiiiiiieie s 8
2.2. Structure 0Ff Wheat grain .........ccocoveiieiicieicce e 10
2.3. Health benefits of wheat bran.............ccoooiiini e 14
2.4. Whole Wheat ProUCTS...........coveiiiieie et 18
2.4.1. Pasta and NOOIES..........ccoiiiiiiiiieee e 18
2.4.2. Breakfast CErealS..... ..o 18
2.4.3. Whole wheat flat Dreads ... 19

2.5, WHeat MITING ...oovieiiee e 23



2.6. Wheat Dran treatment ..o 27
2.7. Dough rheological PrOPErtiES .........ccoiiiiiriiieieieriesie e 31
2.7.1. FariNOQraPN......cceee e 32
2.7.2. IMIIXOQEAPN ...ttt 37
2.7.3. TEXTUIE @NAIYZET ....veeieieiee ettt 37
CHAPTER 3. MATERIALS AND METHODOLOGY .....ccooiiiieiiiiie e 39
3.1. Materials and MEthOUS .........c.ooiiiiiiii e 39
3.1.1. Selection and Collection Of Wheat...........cccoeieiiiiiiniiieeeee e 39
3.1.2. Tempering Of WHEAL..........cooiiiiiiieeee s 39
313 IVIITING oottt s st es s 39
3.1.4. Size reduction OF Bran .........cccoiiiiiiiiiieiie e 40
3.1.5. Extraction of wWheat Dran............cccoviiiiiiie 40
3.1.6. Minolta SPectrophOtOMELEN ........cc.oiiiiiiiieee s 40
3.1.7. Wet gluten and gluten INAEX .........c.oreiiririiieie s 41
3.1.8. ProXimate @nalySiS........c.eivueiieiiiiicie ettt 41
3.1.9. Total dietary fiDer (TDF) .....ccocoiiieie et 43
3.1.10. Development of whole wheat flour ..o 45
3.1.11. Particle size measurement of whole wheat flour............ccoooveiiiiiiiinnn. 45
3.1.12. Dough rheological Properties ..........ccocueeierenene s 45

3.1.13. Dough EXtenSIDIITY .....ceeveeiieiiiee s 46



Vi

3.1.14. ProducCt deVEIOPMENT ........oiiiieiieieee et s 46
3.1.15. Evaluation of tortilla Properties...........ccceoereieienininiseeeese s 47
3.1.16. One dimensional extensibility using Tortilla/Pastry burst rig..........c.cc....... 49
3.1.17. SENSOMY @NAIYSIS ...eeveeveeiiieiiieie ettt sra e reenee e 49
3.1.18. StatistiCal @NAIYSIS.........cccveiieieiieie e 49
3.1.19. EXPErimental deSIGN .......ccueiveiiriiiiisieieie e 50
CHAPTER 4. RESULTS AND DISCUSSION.....ccctiiiiiiiieiiesieeie e 51
4.1. Tempering and MITTING .....ooiiiiei s 51
4.2. PAITICIE SIZE ..ot 54
4.3. Proximate analysis of whole wheat flour.............c.cccooviiiicii e, 60
4.4. Total Dietary fIDEr (TDF)....cooieiiee e 66
4.5. Color measurement using Minolta Spectrophotometer............cccoovveninencnennnns 69
4.5.1. BIan COIOT ..ottt bbb 69
4.5.2. Whole Wheat flour COIOT ... 73
4.6. GIULEN CONTENT ...ttt et 76
4.7. Rheological properties of dOUQN ..........coovoiiiiiicccec e 79
4.7.1. Brabender Farinograph analysiS ...........ccccovviieiieiiiie e 79
4.7.2. Dough extensiDIlity teSt........ccooiiiiiiiiiee s 89
4.8. One dimensional extensibility of tortilla...........ccccoooiiiiiii 97

4.9. Color measurement Of tOrtila ........oovvveveeee s 101



vii

4.10. Sensory analysis of whole wheat flour tortilla............ccccooiiiiiii e, 103
CHAPTER 5 CONCLUSION AND FUTURE WORK .......cccooiiiiiiiie e 108
5.1, CONCIUSIONS ...ttt 108
5.2. Future work and recommendations ............ccovreirerenieieneseesese s 111

RETEIENCES ... ettt e e e e e e e ettt e e e e e e e e et eaaaens 112



viii

LIST OF TABLES
Table 1. Composition Of Wheat Dran............ccccoveiiiiiiicie s 12
Table 2. Wheat bran components and their health benefits. .............cccoc i, 16

Table 3. Average content (g/100 g food) of bioactive compounds in whole- grain wheat

ANA WHNEAL DIAN. ...t 17
Table 4. Traditional flat breads made from whole wheat. .............ccocooeieiiiniiiiicen, 20
Table 5. Various research on wheat-bran treatment. ............cccocooeiniieieineneieeeeeeen 29
Table 6. Polarity index of SOMe SOIVENES. .........cccciiiiiiee e 30
Table 7. Hot-press whole wheat tortilla formulation..............cccccooevieiiieii i 48
Table 8. Moisture content and yield % of five HRSW cultivars ...........ccccooovevvicvinenene 52

Table 9. Particle size comparison among the whole wheat flours from the five HRSW
cultivars and commercial whole wheat fIours. ... 56
Table 10. Comparison of particle size among the commercial wheat flour and the wheat
flour incorporated with the treated bran..............cccooeiieiiicccc e 57
Table 11. Particle size of the wheat flours incorporated with the treated bran and whole
wheat flours of fiveE HRSW ..o e 58
Table 12. Comparison of proximate composition of whole wheat flours among
themselves and wheat flours made from the incorporation of treated bran. ...................... 64
Table 13. Proximate composition of ground whole wheat flour and flour made from the
incorporation of treated DranS. ...........cooviiiiiiie e 65
Table 14. Total Dietary Fiber (TDF) of five HRSW cultivars. ..........cccccovvviviiiiicniecenn, 68
Table 15. Overall color comparison of wheat bran from five HRSW and the bran

obtained after treatment with water and ethanol (50% and 10096)..........cccccceevveeviverieennne. 71



Table 16. Mean and standard deviation (S.D.) of L*, a* and b* of water and ethanol
treated WHEAE DIaN. ......c.eo i 72
Table 17. Comparison of color among whole wheat flours and among flours incorporated
WIth TrEALE DIAN. ..o 74
Table 18. Mean and standard deviation of L*, a* and b* among whole wheat flours from
different cultivars and flour incorporated with treated brans............c.ccccoiiiicie 75
Table 19. Gluten content of five varieties of wheat flour. ............cccooiiiiiiie, 78
Table 20. Comparison of ground whole wheat flours and flour incorporated with treated
bran in terms of Farinograph Parameters. .........ccocueverererere s 80
Table 21. Mean and standard deviation (S.D.) of overall Farinograph parameters of
ground whole wheat flours and flour incorporated with the treated bran............c.ccccoeu.. 81
Table 22. Pearson’s correlation among Farinograph parameters..........c.ccocovvvvrennninennenn 88
Table 23. Pearson’s correlations among protein, extensibility parameters and Farinograph
[SEE L LR 1) (] £ T TP UPRROPPR 93
Table 24. Comparison of dough extensibility among different samples and the treatments.
94

Table 25. Extensibility test of ground whole wheat flour and flour incorporated with the

treated bran using Kieffer dough and gluten extensibility Rig. .........ccccoceniiiiiiininnienen, 95
Table 26. One dimensional extensibility of tortilla. ............ccocoviiiiiii e, 99
Table 27. Comparison of tortilla COIOrS. ..........ccviieiiie e 102

Table 28. Mean sensory evaluation scores of Prevail whole wheat tortilla. .................... 104



LIST OF FIGURES

Figure 1.World wheat production by country in the year (2011) ........cccccovvvvivniniinineriene 9
Figure 2. Wheat fraction; bran, germ and endosperm with their main bioactive
(070101 00T o PSS 13
Figure 3. Various wheat bran products; (a) oat and wheat bran swirls, (b) whole wheat

cookies (c) whole wheat flat bread (d) enriched wheat bran flakes and (e) whole wheat

=10 T g o] =T o LSO SPSSRSSR 22
Figure 4. Flow diagram of the wheat milling process. ..........ccccovveveiieiieie e, 26
Figure 5. Flour hydration and water in grain diffusion............c.cccoociieiii i, 35

Figure 6. Molecular interpretation of the gluten development (a) beginning of the mixing,

(b) optimum development, and (c) overmixing (Letang, et al., 1999)............ccceovevvinenenn 35
Figure 7. Typical Farinograph OULPUL. .........cooviiieiieie e 36
Figure 8. Analytical scheme of total dietary fiber determination procedure. .................... 44

Figure 9. Experimental design employed in the processing and analysis of wheat samples.50

Figure 10. (a) Tempering of whole wheat (b) wheat milling (c) white flour (left) and

wheat bran (right) obtained after milling. ..........cccooo oo, 53
Figure 11. Ro-Tab sieve shaker for particle analysis..........cccoocevveiiiieiecie i, 59
Figure 12. SMS Kieffer Dough and gluten extensibility rig...........ccccoceevviieiicir e, 96

Figure 13. Tortilla fitted on the Tortilla burst rig of the Texture Analyzer TA.XT.plus.100
Figure 14. Sensory analysis of tortilla. ............ccccooveeiiii i 105
Figure 15. Wheat bran treatment with 100% ethanol, 50% ethanol and water from left 106
Figure 16. Tortilla making using Dough-Pro.........ccccoveiiiiiii e 106

Figure 17. Tortilla cooking in a pan at 1500C..........ccccverieereieieeeesseeeee s 107



AACC
AOAC
BT

BU
CHD
CODEX
CvD
db
DDT
DF

DS
Ediff

Ei

Emax

ERmax

FAO

Gl
HRSW
HRWW
LDL
MTI

MN

Xi

ABBREVIATIONS

American Association of Cereal Chemists
Association of Official Analytical Chemists
Farinograph breakdown time

Brabender unit

Coronary heart disease

Codex Alimentarius Commission
Cardiovascular diseases

Dry basis

Dough development time

Dietary fiber

Dough stability

Difference between Emax and Ermax
Gradient of force distance curve during first second of test
Maximum dough extensibility
Extensibility of dough and Rmax

Food and Agriculture Organization
Gluten Index

Hard red spring wheat

Hard red winter wheat

Low density lipoprotein

Mixing tolerance index

Minnesota



Nm

TDF

u.S.

USDA

SD

SRSW

SRWW

WA

WASDE

wb

WHO

WWF

Newton meter

Total dietary fiber

United States of America

United States Department of Agriculture
South Dakota

Soft red spring wheat

Soft red winter wheat

Water absorption

World Agricultural Supply and Demand Estimates
Wet basis

World Health Organization

Whole wheat flour

Xii



xiii

ABSTRACT
EFFECTS OF BRAN TREATMENT ON RHEOLOGY AND SENSORY QUALITY OF

WHOLE WHEAT FLAT BREAD

JIGYASHA MISHRA

2016

The purpose of this research was to study the differences in the quality of 100%
whole wheat flour (WWF) when the bran fraction was subjected to mild solvent
treatment before reconstitution with the endosperm. The bran treatments included water
washing and washing with ethanol solutions (50% and 100%). WWF prepared with
untreated bran served as the control. Effects of these treatments on particle size, chemical
composition, color, dough rheology, product formulation, and sensory characteristics of
100% whole wheat flour were studied. Grains of five HRSW cultivars (Advance, Prevail,

Select, Brick and Forefront) were milled using a Quadrumat Senior mill.

Gluten analysis of patent white flour obtained from five HRSW showed Brick and
Advance to have superior gluten quality for bread baking. Washing the bran with 50%
ethanol significantly lowered redness (a*) while washing the bran with 100% ethanol
significantly lowered yellowness (b*). Brick cultivar was found to be superior in
Farinograph data in relation to dough development time (DDT), dough stability (DS),
breakdown time (BT), and mixing tolerance index (MT]I). Of the four bran treatments
used, washing with 50% resulted in significantly higher DDT, BT and lower MTI, in
contrast to the control. Washing with 100% ethanol resulted in significantly higher DS

and lower MTI compared to the control. Cultivars Brick and Prevail had significantly



Xiv

high Rmax/Ei and cultivars Advance and Forefront had the lowest Rmax/Ei. Flour with 50%
ethanol-treated bran had the highest Rmax/Ermax and control (WWF) had the lowest.
Control (WWF) had significantly high Emax while flour with ethanol treated bran (both at
50% and 100% strength) had significantly low Emax. Brick and Prevail were superior
varieties in terms of dough extensibility. Results from the one dimensional extensibility
test indicated that tortillas made from the flour incorporated with 50% and 100% ethanol-
treated bran were good in relation to stretchability, while the control (WWF) was found
to be desirable in relation to elasticity. Treatments of bran were not discerned in tortilla

colors and sensory attributes.



CHAPTER 1 INTRODUCTION

1.1. Introduction

The study of whole grain has intensified in recent years. It has been more evident
from those studies that the whole-grain cereal products help to protect consumers from
the development of chronic metabolic diseases (Adil, 2012; Anthony Fardet, 2010). This
prevention on the development of the metabolic diseases is the result of the synergistic
action of the compounds contained in the bran and germ fractions of whole-grain cereals
(A. Fardet, 2010). Obesity, metabolic syndrome, type 2 diabetes, CVD, and cancer are
some of the major metabolic diseases that have threatened the public health (Soumya,
2011; Uslu, et al., 2013). These metabolic diseases are mostly due to our day to day
lifestyle and food consumption, where the major meals consist of an unbalanced energy-
rich diet which lacks fiber and protective bioactive compounds such as micronutrients
and phytochemicals. The root cause of metabolic diseases is an unbalanced dietary habit
amongst consumers. There is now a need for healthy whole grain foods that mitigate risk

factors and diseases.

Adults in the United States consume less than the recommended value of dietary
fiber. Therefore, the production and consumption of high-fiber foods should become
more predominant in the United States. The two conventional dietary fiber sources are
wheat and oat bran (H. Chen, et al., 1988). The American Association of Cereal Chemists
(AACC) defined dietary fiber (DF) as the edible parts of plants or analogous
carbohydrates that are resistant to digestion and absorption in the human small intestine
with complete or partial fermentation in the large intestine; that includes polysaccharides,

oligosaccharides, lignin, and associated plant substances. Wheat bran is endowed with



health beneficial bioactive compounds, such as tocopherols, phenolic compounds, and
other organic acids. Bran, thus obtained from the debranning process, can be used for the

production of functional foods and nutraceuticals (Y. Chen, et al., 2013).

As a proportion by weight, the wheat kernel is composed of an outer bran layer
(14-16% of the grain), the germ or embryo (2-3%), and the central endosperm (mainly
starch: 81-84%) (Stevenson, et al., 2012). The germ and bran are removed from
endosperm during milling because of their unfavorable baking characteristics and
susceptibility to oxidation. These fractions are used as livestock feed. Wheat germ is
used for oil production. These co-products contain healthy food constituents (Kumar &
Krishna, 2013). However, they are underutilized for consumption and not used in food
production. Wheat bran represents a good source of fiber, minerals, vitamins and
phytochemicals. Dietary fiber (DF) plays an important role in the human health and
exhibits many functional properties of food. DF also reduces the risk of serious human
diseases such as colorectal cancer, cardiovascular disease, and diabetes (Reyes-Pérez, et
al., 2013). Several papers have been published on the effective use of wheat bran
(Anderson, et al., 2009; Balandran-Quintana, et al., 2015a; Dykes & Rooney, 2007; A.
Fardet, 2010; Sobota, et al., 2015). The main purpose of this paper is to highlight effects

of mild treatments on bran and study the quality of whole wheat made with the bran.

Generally, lipids from biological materials have always been extracted by the use
of conventional organic solvents. The most widely used solvents are petroleum ether,
ethanol and hexane. Petroleum ether is most widely used because of its low boiling point
(20°C to 75°C) and low cost. This paper will be focused on the use of alcohol for bran

treatment so that the treated bran can be incorporated back into the patent flour to yield



whole wheat flour with better characteristics than the regular whole wheat flour in terms
of rheological properties and dough extensibility. Reincorporation of bran into patent
flour, as part of whole grain food, will improve nutrition and health, as bran contains
health promoting bioactive constituents. Undesirable taste from bran constituents may

also be selectively removed.

This study evaluated ethanol-treated bran from SD wheat varieties. Consumers
like the taste of the food products such as Asian noodles and bread products when these
foods are not bitter. Thus, treated-wheat bran can serve as a novel ingredient in most food
products such as bread, pizza crust and cookies. So this method of bran treatment is likely
to improve the taste of bran so that it could be incorporated into any food product in order
to increase dietary fiber content. This incorporation can also bring about some
rheological changes and may improve baking properties. Farinograph and dough

extensibility tests were done to measure the resistance of dough to mixing.



1.2. Problem statement

Color is a key quality parameter that often affects consumer acceptability of food
products like bread. Since the wheat bran is dark in color, the color of whole-wheat
products are also usually dark. In order to make the whole-wheat products more visually
attractive to consumers and to retain the functionality of whole wheat, there is a need for
techniques that will not affect the product quality, health attributes or sensory

characteristics.

Production of whole wheat flour by the addition of treated bran can bring
improvements in dough extensibility and dough rheological properties in terms of water
absorption, dough stability, dough development time, and mixing tolerance index (MT]I).
These tests are used as rheological parameters in the industry to estimate the optimal
amount of water to be added to make a dough, to evaluate the effects of ingredient on
mixing properties and to check the overall flour uniformity. Desirable dough quality
includes higher water absorption and dough stability with lower tolerance index and

lower peak development time.

The main purpose of this research was to perform bran treatments using mild
washing with water and ethanol solutions to enhance the color of whole wheat flour so as
to increase the consumption of fiber-rich whole wheat foods among consumers. Products
like bagel, regular bread, flat bread, pizza crust, and cookies made from such flour with
treated bran will have improved color and maintained the same health benefits as
provided by 100% whole wheat flour. DF’s significant health benefit includes decreased
risk of cardiovascular disease. Grooms, et al. (2013) examined trends in dietary fiber

intake among diverse US adults from the year 1999-2010 and investigated the association



between dietary fiber and cardiovascular disease and obesity. The results showed that the
intake of dietary-fiber among US adults was below the recommended value by the
Institute of Medicine (IOM). Mean dietary-fiber intake was only 15.7-17 g per day
whereas the recommended value is 38 g/day for males and 25 g/day for females. This
study also confirmed the association of dietary fiber with lower level of inflammation and
metabolic syndrome or obesity, though a difference in levels among various racial and
ethnic group was observed. Thus there is a need of developing the strategy and policies to

increase the consumption of dietary fiber.

The purpose of this study was to determine the effective treatment of wheat bran
using 50% ethanol, 100% ethanol, and water as a mild solvent. The working conditions
of the process (solvent concentration, soaking time etc.) and the pretreatment of the raw
material (i.e., tempering and milling) were optimized. Then a comparison was made
between the relative qualities of the flour incorporated with the bran after ethanolic

extraction.



1.3. Research Objectives and Hypothesis

1.3.1. Research Objectives

The main objectives of this study were:

1.

2.

Study the effect of different concentrations of ethanol treatment on wheat bran,
Study the rheological properties and extensibility of whole wheat dough resulting
from the incorporation of treated bran (15%) back to patent flour and to compare
it with control which was 100% whole wheat flour (with untreated bran),
Compare different varieties of Hard Red Spring Wheat for their contribution to
100% whole wheat flour,

Study the particle size distribution of whole wheat flours,

Study the acceptability of products (tortilla) fortified with treated bran by sensory
panels, and

Compare the uniaxial extensibility of wheat flour tortillas using Tortilla/Pastry

Burst Rig (HDP/TPB)

1.3.2 Hypothesis

1.

HO: Treated bran will not be lighter in color due to the loss of pigments.

H1: Treated bran will be lighter in color due to the loss of pigments.

HO: An improved dough rheological properties and dough extensibility will not be
achieved from the incorporation of treated bran back into the patent flour.
H1: An improved dough rheological properties and dough extensibility will be

achieved from the incorporation of treated bran back into the patent flour.



3. HO: Significant effect on one dimensional extensibility of tortilla will not be
observed.

H1: Significant effect on one dimensional extensibility will be observed.

4. HO: Tortilla fortified with treated bran will not be acceptable to a trained sensory
panel.
H1: Tortilla fortified with treated bran will be acceptable to a trained sensory

panel.



CHAPTER 2. LITERATURE REVIEW

2.1. Background of wheat

Wheat, maize and rice are the most widely used cereals and is followed by oats,
rye, barley, triticale, millet, and sorghum. Wheat was one of the first domesticated food
crops and has been the staple food for the major civilizations of Europe, West Asia and
North Africa for 8000 years (Curtis, et al., 2002). Wheat is grown more than any other
food crops. The following definition of whole grain was approved by American
Association of Cereal Chemist (AACC) in 1999: "Whole grains shall consist of the intact,
ground, cracked or flaked caryopsis, whose principal anatomical components; the starchy
endosperm, germ, and bran—are present in the same relative proportions as they exist in
the intact caryopsis.” World agricultural supply and demand (WASDE) states that
approximately 652.18 million ton of wheat was consumed only in 2010. Bran is created
as a by-product in milling industries and one million tons of wheat can produce up to

0.25 million tons of wheat bran (Javed, et al., 2012).

As shown in the figure 1, China is the largest producer of wheat, followed closely
by India, the United States and Russia Federation, according to FAO statistics, 2011. On
the basis of season during which the crop is grown, wheat is classified into spring or
winter wheat. Commercially grown wheats are classified as hard wheat and soft wheat.
Hard wheat is usually darker in color and has no white starch, while soft wheat is lighter
in color and has white starch. Hard red winter wheat (HRWW) and hard red spring wheat
(HRSW) are mainly used in bread making, while soft red winter wheat (SRWW) and soft
red spring wheat (SRSW) are primarily used for making pastries, cookies, pies, and

cakes.
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2.2. Structure of wheat grain

Wheat kernel is a caryopsis, which means, ovary wall is united with the seed coat.
The dorsal side is smoothly rounded while the ventral side has the deep crease (Curtis, et
al., 2002). As a proportion by weight, the wheat kernel is composed of an outer-bran
layer (14-16% of the grain), the germ or embryo (2—-3%), and the central endosperm
(mainly starch: 81-84%) (Stevenson, et al., 2012). Wheat bran contains approximately,

12% water, 13-18% protein, 3.5% fat, and 56% carbohydrates (Pruckler, et al., 2014).

Bran is represented by three discrete layers. The three layers are aleurone and
hyaline layer, inner and outer pericarp and testa or seed coat. The seed coat is the
outermost layer of the true seed. Wheat kernel is completely surrounded by a coat formed
by the seed coat and the pigment strand, however, the latter are different tissues. Red-
brown pigmentation is found in both the seed coat and pigment strand in red wheat while
it is absent from the seed coat and pigment layer in case of white wheat. The pericarp is
the ripened ovary wall that is dead at harvest ripeness. It is composed of an outer
epidermis, hypodermis, parenchyma, intermediate cells, cross cells, and tube cells. The
pericarp is rich in insoluble dietary fiber (like cellulose, cuticle material and complex
xylans), lignins, ferulic acid, and other bioactive compounds. The aleurone layer is rich in
proteins, minerals, and mostly Vitamin B. Dietary fiber and other bioactive compounds
are also concentrated mostly in the aleurone layer. Testa is the reserved source of almost

all alkylresorcinols (a phenolic lipid).

The wheat germ or embryo is located on the lower dorsal side of the grain. It is

reported to be an excellent source of B-group vitamins, unsaturated fatty acids, minerals,
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dietary fiber, calories, and proteins (Ge, et al., 2000). In general, the protein content of
wheat fraction is greatest in germ followed by middlings, bran, and white flour
(Pomeranz, 1988b). The germ is also the richest source of tocopherols. Thus wheat germ
is best for the enrichment of processed foods. Because of the presence of unsaturated
fatty acids and oxidative and hydrolytic enzymes, which are responsible for rancidity, the

wheat germ has short shelf life (Sudha, et al., 2007).

The endosperm is the largest constituent of wheat grain. It is composed of
aleurone cells and starchy endosperm. Aleurone cells in wheat are only one cell layer
thick at maturity. Aleurone cells form the outermost layer of endosperm tissue, surround
the grain over the starchy endosperm and part of the embryo. The aleurone layer is the
source of vitamins, minerals, proteins, and lipids. It is also excellent source of natural
folate, a B-group vitamin. The starchy endosperm of mature seed is a good source of
nutrition. It consists majority of carbohydrates in the form of simple starches. Endosperm
constitute 55%-75% of total grain weight, with a storage protein content of 10-20%

(Gillies, et al., 2012).



Table 1. Composition of wheat bran

Components 9/100g Wheat bran

a. Non starch polysaccharide

- Glucan 10.5
- Xylan 18.3
- Arabinan 10.1
- Galactan 1.1
b. Starch 34
c. Klason lignin 5

d. Crude Protein 13.5
Total 92.5

Source: Javed, et al. (2012).
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Figure 2. Wheat fraction; bran, germ and endosperm with their main bioactive compounds.

Source: (Anthony Fardet, 2010).
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2.3. Health benefits of wheat bran

The bran fraction has many health benefits, as it is nutritionally rich in fiber, folic
acid, vitamin B6, minerals, thiamine, and vitamin E. The bioavailability of these
nutritionally rich compounds are dependent upon the food matrix and the processing
conditions applied (Stevenson, et al., 2012). Wheat bran is beneficial for the treatment of
chronic constipation, cardiovascular disease and diabetes (Muller-Lissner, 1988). This is
all because of the presence of high level of dietary fiber and phytochemicals in bran
(Balandran-Quintana, et al., 2015b). Similarly, antioxidants (phenol) present in wheat
bran have been shown to bind with apolipoprotein-B, thereby inhibiting LDL oxidation.
Alkylresorcinol antioxidants present in wheat bran are also of great importance as they
inhibit platelet by binding to fibrinogen, stimulate production of thromboxane and
inhibits triglyceride formations. This suggests bran fractions to be a good source of
phenolic compounds can be very useful for cardiovascular disease (Stevenson, et al.,
2012). Similarly, insoluble dietary fiber can act as a bulking agent, increasing intestinal
motility and wet fecal mass. That is why there is a growing interest among consumers
towards whole cereal grain products as they protect against the development of chronic

diseases (Anthony Fardet, 2010).

Though the protein content of wheat bran is not high, it is superior to the protein
present in endosperm. Foods incorporated with wheat bran fiber resulted in decrease of
glycemic index (Reyes-Pérez, et al., 2013). Various studies have suggested the health
benefits of wheat bran. 42,850 male health professionals aged 40-75 years who were not
suffering from cardiovascular disease, cancer and diabetes, completed a detailed self-

administered food frequency questionnaire and medical history questionnaire. After 14
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years of follow up there was only 1818 cases of CHD. Inverse association between intake

of whole grain and bran and occurrence of CHD were seen (Jensen, et al., 2004).

The exact amount of fiber beneficial for health is not yet known. However, the
recommended dose of dietary fiber per day is 25g, which is higher than people consume
in most western countries. Since bread is used as staple food, more priority should be
given towards the production and consumption of whole grain bread (Le Bleis, et al.,

2015).
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Table 2. Wheat bran components and their health benefits.

Component Beneficial action

Soluble Dietary fiber | Improves gut health, control glycemic index and reduces

plasma cholesterol level

Dietary fiber Prolongs bowel transition time and increases stool volume
Alkylresorcinol Reduces human colon cancer cell growth
Ferulic acid Antioxidant, anti-microbial, anti-inflammatory, anti-

thrombosis, and anti-carcinogenic activities
Beta-glucan Lower blood cholesterol and have vital role in insulin

resistance, dyslipidemia, hypertension, and obesity

Arbinoxylan Reduces postprandial glycemic response
Lignans Protects against hormone related breast and prostate cancer
Sterols Reduces total cholesterol

Source: Priickler, et al. (2014).
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Table 3. Average content (g/100 g food) of bioactive compounds in whole- grain wheat

and wheat bran.

Bioactive compound Whole-grain wheat ~ Wheat bran
a-Linoleic acid (18:3n-3) - 0.16
Sulphur compounds 0.5 0.7
Total free glutathione 0.007 0.038
Fiber (as AOAC) 13.2 44.6
Lignins 1.9 5.6
Oligosaccharides 1.9 3.7
Phytic acid 0.9 4.2
Minerals and trace elements 1.12 3.39
B vitamins 0.0091 0.0303
Vitamin E (tocopherols and tocotrienols) 0.0047 0.0095
Carotenoids 0.00034 0.00072
Polyphenols 0.15 1.1
Phenolic acids 0.11 1.07
Flavonoids 0.037 0.028
Lignans 0.0004 0.005
Alkylresorcinol 0.07 0.27
Phytosterols 0.08 0.16

Source: Stevenson et al., 2012 (Modified).



18

2.4. Whole wheat products

Nowadays, wheat grain is gaining more popularity because of its numerous health
benefits. Various fiber rich products are produced using wheat bran. The most popular
products include whole wheat bread, enriched wheat bran cookies and wheat bran flakes.
Some of the major wheat products are pasta and noodles, breakfast cereals, leavened

bread, and flat bread like tortilla.

2.4.1. Pasta and noodles

Pasta and noodles are developed from unleavened dough. The main ingredients
include salt, water and flour. Durum semolina is the ideal raw material for pasta
(Hoseney, 1994) and for noodles it is white flour. Nowadays pasta and noodles made
from whole wheat flour are found in market whose products are darker in color compared

to semolina based pasta.

2.4.2. Breakfast cereals

Wheat flakes, shredded biscuit and puffed wheat cereals are some of the examples
of breakfast cereal made from whole wheat flour. The whole wheats are tempered,
steamed and bumped between smooth rolls and cooked in a pressure cooker with sugar,
salt and malt flavor added. Wheat kernels are soft by this stage and contain 50%

moisture. They are then dried, tempered and flaked in a flaking rolls.

One of the oldest ready to eat cereals made from whole wheat is shredded
biscuits. Here, the whole wheat is boiled to increase the moisture content, tempered to
equalize the moisture content and shredded in the shredding rolls of about 8 inch

diameter and the length of a biscuit. They are grooved around the roll resulting in a wet,
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ground whole wheat paste. The dough strands are layered one upon another by 18-20
pairs of rolls which are later separated into biscuits by passing through blunt knives. The
final step is the baking of the fragile biscuit at high temperature for about 15 minutes.
Since this is made from 100% whole wheat, rancid odor may develop during storage so
they are packed in breather type boxes with no inner or outer gas barriers (Hoseney,
1994). For the production of puffed cereals three techniques can be used:

- Use of heat at atmospheric pressure where water is vaporized before it could diffuse to
the kernel surface and the internal vaporization then expands resulting into puff.

- Sudden transfer of a piece with superheated water at low pressure causing sudden
vaporization of water

- Extrusion cooking which is continuous and uses both temperature and pressure for

expansion of the product.

2.4.3. Whole wheat flat breads

Flat breads are an ancient type of bread amongst all breads and consumed all
around the world. Only few people were familiar with flat breads in USA few years back
but successful growth of restaurants all over the world with cultural roots in Greece,
India, Mexico, Turkey, and various Arab countries and the growing interest in travelling

have changed the people’s choice of food (Pomeranz, 1988b).
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Table 4. Traditional flat breads made from whole wheat.

Type of bread | Country or Description
Region
Korsan Saudi Arabia Flat, circular with a single thin layer made from whole wheat

Nepalese bread

Paratha
Raghif
Moroccan
whole wheat

bread

Tortilla

Nepal, Northern

India

India

Israel

Morocco

Mexico, Central
America,

United states

flour, water, and salt

Flat, triangular fried bread made of whole wheat flour, yeast
(1%), water (30%), fresh milk (5%), sugar (1%), salt (0.5%),
egg (2%), and small quantities of cinnamon, nutmeg, and
cloves.

Unleavened bread made from whole wheat flour, salt, water
and shortening.

Thick, flat bread made by peasants from whole wheat flour
and water.

Round bread made from whole wheat flour, water, salt and
yeast. After mixing all the ingredients, the dough is flattened,
allowed to ferment for 3 hour, docked and baked in a
relatively cool oven.

Unfermented, round flat bread prepared either from wheat or

maize.

Source: Pomeranz (1988a).
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4.3.1. Tortilla

Tortilla, were originally homemade and consumed in Mexico for centuries.
Tortillas are unfermented flat breads made mainly from three cereals namely, corn,
wheat, and barley (Guo, et al., 2003). Comparatively, wheat tortillas are more popular in
the US than other ethnic breads due to their versatility for various items (Alviola, et al.,
2012; Guo, et al., 2003). Most wheat tortillas found in the market are made from all-
purpose flour and are thus a limited source of fiber. Dietary fiber rich foods are whole
grain but whole grains are consumed less by Americans. The consumption rate is only
one serving instead of three servings of whole grain per day. This is because of the dark
color and undesirable flavors of whole grain based products (Alviola, et al., 2012).
Americans prefer wheat tortillas over corn tortillas in the ratio of 2:1 (Serna-Saldivar, et
al., 2004). Whole wheat tortillas are a good source of dietary fiber (7-8%), 3% insoluble
and 4.2% soluble fiber (Barros, Alviola, & Rooney, 2010). They are also rich in

carbohydrates with high glycemic response after ingestion.

Flour tortillas are made by hot-press, die-cut or hand-stretch procedure (Anton,
2008; Barros, Alviola, et al., 2010a). Tortillas made from hot-pressing is soft and more
flexible during storage which are perfect for burritos, soft tacos, fajitas, and wraps. The
die cut method is more efficient with lower cost of the product but in terms of quality,
hot-press is better. Comparatively, larger, thinner and stronger tortillas are made using
hand-stretch method (Anton, 2008). Flour milled from hard red spring wheat (HRSW) are

used for tortillas making (Serna-Saldivar, et al., 2004).
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Figure 3. Various wheat bran products; (a) oat and wheat bran swirls, (b) whole wheat cookies (c)
whole wheat flat bread (d) enriched wheat bran flakes and (e) whole wheat regular breads.
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2.5. Wheat Milling

Wheat milling technology has evolved from the use of the mortar and pestle by
primitive cultures nearly 10,000 years ago. This had led to the invention of millstones in
Roman times. The invention of plan-sifter, purifier and horizontal roller mill
revolutionized the milling technology during the late half of the 19" century (Sakhare &
Inamdar, 2014). The most notable achievements in milling, including materials handling,
further refinement and improvement of existing milling machinery, automation and
computerization of the whole milling process, was achieved in the 20" century

(Pomeranz, 1988b).

The wheat delivered to the mill requires much more expensive cleaning process to
remove foreign materials such as stones, mud, ergot, metals, straw, and other seeds,
which might affect the appearance or functionality of the milled product and the mill
itself. Hence, wheat delivered in mill is first transferred from the elevator to the wheat-
cleaning section. The wheat-cleaning section includes the use of a milling separator and
aspirator, gravity separator or destoner and disc separator. A milling separator removes
impurities that are marginally larger or smaller than wheat. A destoner separates wheat
from other materials, such as small stones, glass and nonferrous metal, in terms of shape
and size on the basis of difference in specific gravity. The destoner may not be efficient
in removing slightly longer or shorter materials than wheat so either a disc separator or

conveyor separator can remove these impurities.

After the cleaning process is completed, wheat is tempered or conditioned.

Tempering is the controlled addition of moisture to wheat. The main two objectives of
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tempering is to toughen the outer surface of the wheat to avoid powdering during the
milling process and to facilitate the physical separation of endosperm from bran. The
tempering process also ensures that grinding produces the minimum level of damaged
starch consistent with the hardness of the wheat and the end use of flour. Thus correct
tempering of cleaned wheat is essential to ensure maximum milling efficiency and
optimum performance in the final product. In tempering, a controlled amount of water is
added to the measured quantity of wheat through spray nozzles enclosed in a screw

conveyor. The tempered wheat is finally ready to be milled.

The purpose of wheat milling is to break open the grain and dissociate the starchy
endosperm from other parts of wheat grain to get the white flour (Fistes, et al., 2013). The
two main processes for flour milling are breaking and reduction. In the breaking process,
the break rolls, which are corrugated are used to open up the grain. There are different
sets of break rolls. The ground material leaving the first break roll, known as break chop,
now passes to the sieving system. Here, sifting machines separate the mixture of particles
according to size. The largest particles, referred as scalp, consist of the tough wheat bran
and adhering endosperm. The scalp proceeds to second break roll where it is again
ground on corrugated rolls and is sent to the second break sifter for further sifting. The
endosperm particles larger than flour particles are called break middlings which is a
mixture of pure endosperm, bran and endosperm attached to bran. The break middlings
are sent to a grading system where they are separated according to their size. The
middlings are separated into homogenous fractions in the purification system. More
endosperm is scraped off as the materials are processed through different sets of break

rolls until finally only the flat bran particles remain for final processing as a by-product
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(Pomeranz, 1988b). Thus, the scalping sieve through which the endosperm is separated
from bran coats becomes finer as the breaks proceed. In the reduction system, pairs of

smooth rolls are used to reduce the larger particles of endosperm into flour particle size.

The effectiveness of milling process depends on the recovery of endosperm
uncontaminated with bran. The amount of flour obtained after milling is the extraction
rate. The extraction rate of wheat flour ranges from 73%-77% depending upon the

milling process, wheat variety and cultivation conditions (Prtickler, et al., 2014).
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2.6. Wheat bran treatment

The addition of high levels of wheat fiber to foods may result in reduced bread
loaf volume, poor texture, bitter flavor and a darker color. Various research has been
conducted to modify wheat bran for food applications. Widely used modification
methods include wet milling, enzymatic treatment, fermentation and chemical treatment.
Chemical treatment involves the use of chemicals like citric acid, sodium hydroxide,
hydrochloric acid, chloroform, methanol and ethanol. The extraction solvent’s selection
criteria depends on its physiochemical properties (selectivity, stability, and reactivity),
toxicity and cost. Some organic solvents like hexane, chloroform, and methanol are
restricted in food industry because of their toxicity. However, the presence of some
solvents like ethanol, and acetone in small residual percentage is permissible for human

consumption, according to good manufacturing practice (Meireles, 2008).

In the study by Rasco, et al. (1991), bran has been treated using a number of
different chemicals (acid, base, ethanol) alone or in combination with enzymes (a-
amylase or a-amylase/protease or a-amylase/calcium oxide). The purpose of the study
was to enhance the dietary fiber content of wheat bran but the baking characteristics were
negatively affected. In a recent study, ethanol has been used to remove the color
pigments from corn dried distiller’s grain with soluble (DDGS) to produce a high quality
food ingredient (Sauders et al., 2013). The limiting factor responsible to bring the change
in color were the number of extractions, ethanol concentration and time. Overall,

treatment with ethanol resulted in reduction of oils and carotenoid contents in corn.

Our research was more focused on the use of 50% and 100% ethanol for wheat

bran treatment as a method to improve the color and rheological properties of whole
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wheat dough. Use of ethanol and ethanol-water mixture for the recovery of phenolic
compound and anthocyanin from wheat bran have been studied in various researches
(Hu, et al., 2007; Liyana-Pathirana & Shahidi, 2005; J. Wang, et al., 2008) and it was
found that 50-65% ethanol-water mixture was more effective. In one study, wheat bran
(10%, 20% and 30% levels) and corn bran (10 and 20% levels) along with glucose
oxidase and hexose oxidase were used to study its effect on rheological and bread making
properties. Negative effects on dough and bread properties were observed in terms of
Farinograph parameters. Wheat bran and corn bran that could be used at maximum level
were found to be 20% and 10%, respectively (GUL, et al., 2009). Different research done
on treatment of wheat bran and their application in food products have been listed in table

5.



Table 5. Various research on wheat-bran treatment.
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Author name Year | Research

Rasco, B.A., etal. | 1991 | Evaluation of enzyme and chemically treated wheat bran ingredients in
yeast-raised breads

Wang, J., et al. 2002 | Effect of the addition of different fibers on wheat dough performance and
bread quality

Peressini, D. and 2009 | Effect of soluble dietary fiber addition on rheological and breadmaking

Sensidoni, A. properties of wheat doughs

GUL, Ozer, & 2009 | Improvement of the wheat and corn bran bread quality by using glucose

DiZlek, 2009 oxidase and hexose oxidase

Sahin, E. 2011 | Utilization of wheat bran fiber in crackers

Favaro, L. et al. 2012 | Processing wheat bran into ethanol using mild treatments and highly
fermentative yeasts

Johansson, M. 2012 | Dietary fiber composition and sensory analysis of heat treated wheat and
rye bran

Nyombaire, G. 2012 | Extrusion of wheat washed bran: Physicochemical and functional
properties

Lehtinen, O.K 2012 | Modifying wheat bran for food applications-Effect of wet milling and
enzymatic treatment

Majzoobi, M. et 2013 | Effect of different levels and particle sizes of wheat bran on the quality of

al. flat bread

Reyes-Perez, F., et | 2013 | Estimated glycemic index and dietary fiber content of cookies elaborated

al. with extruded wheat bran

Radenkovs, V. 2014 | Application of enzymatic treatment to improve the concentration of

bioactive compounds and antioxidant potential of wheat and rye bran




Table 6. Polarity index of some solvents.

Solvent Polarity index
Water 9.0
20% ethanol 8.2
50% ethanol 7.1
75% ethanol 6.2
95% ethanol 54
Anhydrous ethanol 5.2
Methanol 6.6
Acetone 5.4
75% lso-propanol 55
95% Iso-propanol 4.5
100% Iso-propanol 4.3

Source: Tang, et al. (2005).
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2.7. Dough rheological properties

Most theories suggest that gluten is responsible for the rheological behavior of the
dough. Well-developed dough can be elongated/stretched multiple times its original
length provided that the elongation rate is not too high (Khan & Shewry, 2009). The
hydration of flour leads to the formation of covalent and noncovalent interactions of

wheat gluten proteins.

Various types of bread have been produced by the addition of bran but its effect
on rheology have not been fully explored. Addition of wheat bran does not have good
impact on dough rheology, texture and sensory attributes. Further, bread volume is also
affected adversely. Though bran provides multiple health benefits, its use is not given
much priority and they are usually used as fodder. Various efforts has been made to treat
bran. Various studies have been done on enzymatic treatment of wheat bran to improve
its quality (GUL, et al., 2009; Laurikainen, et al., 1998; Lehtinen, 2012; Radenkovs, et
al., 2014). In one study, wheat bran was ground to different particle size and their effect
on rheological properties was studied (Decai Zhang & Moore, 1997). Similarly, research
on changes in rheological and bread quality on addition of wheat bran can be found in
various articles (Bonnand-Ducasse, et al., 2010; Gémez, et al., 2011; Gomez, et al., 2003;

Ozboy & Koksel, 1997).

Rheology is the study of deformation and flow of matter (Zaidel, et al., 2010).
When a controlled and well-defined deformation or strain is applied to a material over a
certain period of time and the derived force response or vice versa is measured, it gives

an expression of material parameters like stiffness, hardness, viscosity and strength of the
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material. Thus rheology can either be used as a tool in process control and design or as a
tool in the prediction and simulation of the materials to the flows and deformation
conditions (Dobraszczyk & Morgenstern, 2003). The derivation of rheological properties
of material depends upon the relationship between the stress on a material, the
corresponding deformation or strain and time Strain is measured by deformation and
stress can be compressive, tensile, or shear. Again all types of deformation divided into
elastic deformation and flow. Elastic deformation can be recovered while incompletely

recoverable deformations are linked with flow.

Rheological properties can be measured by carrying out many tests. For the cereal
and baking industry, the most popular instruments are the Farinograph, mixograph,
extensigraph, texturometer, TAXT2/Keiffer rig, etc. These tests can predict dough
behavior in bakery industry at initial stage of the manufacturing process (Sanz Penella, et
al., 2008). Most advanced rheological devices used to study the rheological behavior of
dough during kneading and mixing are mixograph and the Farinograph (Hadnadev, et al.,

2011).

2.7.1. Farinograph

The Farinograph was established in about 1930 and is used for measuring dough
physical properties. It consists of a mixing bowl where two z-shaped blades rotating in
opposite directions towards each other at varying speeds. Mixing bowls with 300 g, 50 g
and 10 g capacity are available for use with the Farinograph. Water is added manually
from a burette. The amount of water added depends upon the moisture content and water

absorption of flour. After addition of water, the flour hydrates and dough forms followed
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by an increase in resistance on the mixing blades. The mixing curve rises to a maximum
point and then slowly starts declining as the dough is weakened by over mixing and
dough structure is ruptured. The maximum resistance is always centered on the 500
Brabender Unit (BU) line. The parameters obtained using a Brabender Farinograph are
water absorption, dough development time or mixing time, mixing tolerance index and

stability.

The amount of water added to enable the Farinograph curve to reach the 500 BU
line is called water absorption and it is expressed as percentage of flour (14% moisture
basis). Water absorption has gained the greatest practical value among the Farinograph
parameter. Water absorption is important in evaluating the flour strength and the final
product price calculations. Gluten and starch components mainly influence the
Farinograph water absorption. High water absorption and low degree of softening
indicates good quality flour, whereas a high water absorption with a high degree of
softening indicates inferior quality flour. In general, water absorption values vary with
the end product. For example its value for cookie and biscuit flour is about 50%, while its

value is around 60% for bread flour.

Dough development time (DDT) which is often called mixing time or peak time is
the time when the dough is optimally developed. It is the time between the origin of
curve and when dough achieves the maximum consistency. Like water absorption, DDT
also depends on the properties of the gluten quality, and starch granule. Furthermore,
DDT increases with the increase in the proteolytic degradation of protein. It also

increases with a decrease in the size of starch granule and the increase in the content of
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damaged starch due to the increase in specific surface area which absorbs water. The
stability and the degree of softening are the gluten quality parameters which describe the
viscoelastic properties of the formed gluten complex. The degree of softening is the
distance between the center of the curve at the end of analysis time and the central line
which passes through the maximum of the curve. In practice, higher stability and lower
degree of softening indicate that dough will be more able to sustain long mechanical
processing treatments. Increased degree of softening is particularly important indicator of

proteolytic degradation of gluten.

Mixing tolerance index is measured in Brabender units. It is the difference
between the top of the curve at which dough achieves the maximum consistency and the
point on the curve after 5 minute. Dough stability represents the time during which the
maximum dough consistency does not change or change very little. The quality number
represents the area enclosed by line passing through the center of the Farinograph curve

and the central line which passes through the maximum of the curve (500+£10 BU).

Disulfide bonds form strong cross-linked within and between polypeptide chains
resulting in the stabilization of hydrogen bonds and hydrophobic interactions. This bond
is the main cause for the dough formation. Flour with high water absorption, longer
mixing time and higher dough stability is considered to be of good quality. The
Farinograph is also helpful in monitoring the effect of additives on dough quality. Thus it
is an important technique to optimize flour processing in terms of standardization of

variable flour quality produced from raw materials.



Figure 5. Flour hydration and water in grain diffusion.
Source: Migliori and Correra (2013).

Lang glutenin chain - Small glunenin sobamits ~ Nom covalent crosslinks
with inlermolecular  epfting from the breaking - Hydeogea honds
covalent disulfide bonds o disulfide bonds - Hydrophobic inescactsons

Figure 6. Molecular interpretation of the gluten development (a) beginning of the mixing, (b)
optimum development, and (c) overmixing (Letang, et al., 1999).
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2.7.2. Mixograph

The Mixograph is also one type of rheological device. This instrument also
measures the resistance of dough during kneading, similar to a Farinograph. It was first
developed in 1933. However, both processes differ in the kneading process and in the
intensity of mechanical stress applied to the dough during analysis. It consists of a mixing
bowl with four vertical pins revolving around three stationary pins in the bottom of the
bowl. The Farinograph offers gentle kneading of dough by two z-shaped blades while the
mixograph provides vigorous mixing (Mann, et al., 2008). The mixing process starts

with hydration of the flour.

2.7.3. Texture analyzer

7.3.1. SMS/Kieffer dough and gluten extensibility rig

The Stable Microsystems (SMS) keiffer and dough dextensibilty rig, also called
micro extensograph was developed by Keiffer (B Dunnewind, et al., 2003). This system
works on the similar concept of extensograph. The only difference is that here, the
sample is pulled upward (Zaidel, et al., 2010). The most important advantage of using
Keiffer rig is that the sample used for the test can be as low as 0.4 g while for the
extensograph about 150 grams of dough is required. Similarly, the Keiffer rig can be
performed in different test speeds and the data can be directly stored into the computer

(B. Dunnewind, et al., 2003).

7.3.2. One dimensional extensibility
The force used to rupture the dough is measured using Tortilla/Pastry Burst Rig.

This technique has been used to measure the hardness/firmness of bread and the changes
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in their textural properties with time. This test was used to study the role of starch in flour
tortilla staling using alpha-amylase where the deformation modulus, work, maximum
force, and distance required to rupture the wheat tortilla were noted (Alviola & Waniska,
2008). Similarly, in another experimental approach, this test was used to study the
rheology of wheat flour tortilla during storage. The parameters determined were the

extensibility and the force used to rupture the tortilla (Bejosano, et al., 2005).
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CHAPTER 3. MATERIALS AND METHODOLOGY

3.1. Materials and methods
3.1.1. Selection and Collection of wheat
Five different varieties of HRSW were selected and collected from local breeders

in SD. The five varieties were Advance, Brick, Select, Prevail, and Forefront.

3.1.2. Tempering of wheat

The moisture content of wheat kernel was determined using near-infrared (NIR)
spectroscopy. Then the wheat was tempered to 15.5% moisture content by the addition of
distilled water. For tempering water was added in stages; no more than 3 or 4 ml at a
time. The formula used to calculate the amount of water added for tempering as per

AACC method 26-95 was:

[ { 100-%moisture
m =

T00-15.5% }—1] x grams of seed
- . 0

Wheat, after addition of water, was left for at least 24 hours at ambient conditions in a
closed plastic jar to absorb the moisture for milling. The moisture content of the tempered

wheat should not be greater than 17% or else it might clog the milling procedure.

3.1.3. Milling
The tempered wheat was milled through a Brabender Quadrumat Senior Mill. The
output of the milling were bran and the white flour. Bran and flour from different wheat

samples were stored in the freezer until use.
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3.1.4. Size reduction of Bran

The bran size was reduced to fine particles by using the Restch mill using a 0.5
mm screen (Company: Restch GmbH & Co. Germany, Model: KG 5657THAANI1).
3.1.5. Extraction of wheat bran

The conventional extraction of wheat bran at room temperature was carried out
using water and two portions of ethanol as solvent, 50% and 100%. Bran sample (200g)
was extracted with 1000 ml of each of the solvent in a glass bowl for approximately one
and half hours. After the extraction time, the extracts was filtered using 200 mesh and the
solvent residue was washed using water. The treated and washed bran was then freeze

dried. The dried bran was stored in an air tight bag in the freezer until use.

3.1.6. Minolta spectrophotometer

Color was measured with a Minolta spectrophotometer CM-580c (Konica Minolta
Sensing America, Inc.) using the L-a-b opposable color scale. The results of flour color
measurement were reported in terms of a three dimensional color value based on the

following rating scale:

L* value: Whiteness (100 for white and 0 for black)

a* value: Positive values for red color and negative values for blue color

b* value: Positive values for yellow color and negative values for blue color

L*a*b* reading of regular bran, solvent-treated bran (50% ethanol, 100% ethanol and

water), whole wheat flour, and patent flour incorporated with treated bran was studied.
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3.1.7. Wet gluten and gluten index

A Glutomatic system (Perten Instruments Huddinge, Sweden) was used to
measure the wet gluten content (WG), dry gluten content (DG) and the gluten index (GlI).
The Glutomatic system included glutomatic, with kneader, attachment for washing
chambers, tubing and submersible filter for solvent container, and electronics for 20-
second dough mixing and 5-minute wash cycle for flour and 2-min wash, a stop, and then
another 3 min for wheat meal. Sodium chloride solution (2%) was used as a wash
solution. Standard washing chambers were provided with screen holders. Washing
solvent was collected in a one liter plastic beaker. After the extraction, gluten was
centrifuged at 6000+5 rpm. The wet gluten was dried to obtain the dry gluten content.
The total dry gluten content was expressed as percent of sample, and the gluten index

(GI) was expressed as percentage of wet gluten remaining on the sieve after centrifuging.

3.1.8. Proximate analysis

The five varieties of wheat flour and flour incorporated with treated bran was

analyzed for fat, protein, moisture, carbohydrate and ash by standard methods.

3.1.8.1. Moisture

Moisture content was measured using the hot air oven (Model Labline, Inc
Chicago, IL, U.S.A) by AACC (1999) method. The temperature used was 135°C. The

moisture content of the sample was measured by the formula:

. Myw
%Moisture = X 100
sample

where, My is the mass of water and Msampie is the initial weight of the sample
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3.1.8.2. Fat

Continuous soxhlet extraction was used for fat extraction. An automated Soxhlet
extraction method using petroleum ether by AACC (1999) method was used. At the end
of the extraction process, the solvent was evaporated by placing the receiving flask
overnight at room temperature and the weight of lipid in the flask (Miipid) was measured.
The percentage of lipid present in the initial sample (Msample) Was then calculated using
the following formula:

Miipid

%Lipid = x 100

sample

3.1.8.3. Protein

Protein analysis was done by using the combustion method 46-30 (AACC, 1999)
with CE Elantech Flash EA 1112 (ThermoFinnigan Italia S.p.A., Rodano (M) Italy).
Percent nitrogen was converted into % protein by using a conversion factor of 5.7.

Protein content of flour incorporated with treated bran was studied.

3.1.8.4. Ash

Ash content was determined by the AACC (1999) method using a muffle furnace
(Lindberg/Blue 1100°C Box furnace BF 51800 series Ashville, NC) at 525 °C. The
sample was left at 525°C continuously for 5 hours. The sample was weighed before and
after ashing to calculate the ash content in the sample.

.. (Weight after ashing - weight of empty crucible)
%Ash(dry basis)=——— - - x 100
Original sample weight*dry matter coefficient
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3.1.8.5. Total carbohydrate
Total carbohydrate was calculated by difference by AOAC (1990) method
(Helrich, 1990). Percentage of protein, fat, ash, and moisture content of the sample were

determined individually, summed and subtracted from 100.

Total carbohydrate = 100 — (Protein% + Fat% + Ash% + Moisture%)

3.1.9. Total dietary fiber (TDF)

TDF analysis of whole wheat flour was done using a gravimetric technique. The
method used was a simplified modification of AACC total dietary fiber method, 32-
05.01. Here, whole wheat flour (1 g) was subjected to sequential enzymatic digestion by
three different enzymes, heat-stable alpha-amylase, protease and amyloglucosidase. The

entire procedure is presented in figure 8.

Total dietary fiber was determined using the formula:

Ri+R2_ . p
Dietary fiber (%) = <W) * 100

2

where, R1=Residue weight 1 from m1; R2=Residue weight 2 from m2; m1=sample

weight 1; m2=sample weight 2; A=ash weight from R1; p=protein weight from R2; and

BR1+BR2

B=Blank=( )—Bp - BA



Sample (! g) in duplicate

+

40 mL buffer, pH 8.2 at 24°C
(MES/TRIS, 0.05 M each)

Stir sample beakers on magnetic
stirrer for uniform dispersion of sample

/

Add 50 pL a-amylase solution
Water bath at 98-100°C, 30 min

Cool to 60°C
Scrape beaker wall with spatula and rinse
with 10 mL water + 100 pL protease solution
60°C, 30 min incubation

Add 5 mL 0.56! N HCl to pH 4.5 (4.1-4.6)
+ 200 pL amyloglucosidase solution
60°C, 30 min incubation

Precipitate with 4 vols
95% EtOH (~ 225 mL) pre-heated to 60°C

Filter

y

Dry

2 residues

:

Protein

| Total Dietary Flbre |
(TDF)

Figure 8. Analytical scheme of total dietary fiber determination procedure.
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3.1.10. Development of whole wheat flour
Treated bran was mixed with the patent flour using a twin-shelled dry blender
(Peterson Kelly Co. Inc. Stroudsburg, PA) to obtain the whole wheat flour. Bran

incorporation was not less than 15%.

3.1.11. Particle size measurement of whole wheat flour

The particle size measurement of all the samples was done using a Ro-Tap Test
Sieve Shaker (W.S. Tyler, Model: RX-29, Serial: 12266). The particle size was analyzed
using USA standard testing sieve with mesh size 60 (250 pum), 80 (180 um), 100 (150
pm), 200 (75 pm) and below 200 (>75 um). The particle size was expressed as the

percentage of particles retained on each sieve. All measurements were done in duplicate.

3.1.12. Dough rheological properties

The Farinograph E (CW Brabender Instruments, Inc., South Hackensack, NJ) was
used to study the rheological properties of dough developed from patent flour
incorporated with treated bran. The parameters determined by Brabender Farinograph
were water absorption (WA), dough development time (DDT), dough stability (DS),
mixing tolerance index (MTI), and the time to breakdown (BT). The analysis was carried
out for whole wheat flour and the blend of patent flour with treated bran. The instrument
was turned on and the amount of weight displayed on the computer screen was placed in
the Farinograph mixing bowl and water was added from a burette. When water was
added, flour was hydrated. As the mixing process proceeded, gluten, which is the main
protein present in wheat flour, started to form a network by the formation of disulfide

bonds. The consistency of dough increased with the degree of dough development until it
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reached a maximum point which was called the peak value or the dough development
time. As the mixing time increased, the dough weakened because of the breakage of
disulfide bonds and the formation of shorter protein fibrils. This made the dough more
sticky. The curve was centered on the 500-Barbender Unit (BU) line £20 BU by adding

the appropriate amount of water until the curve left the 500-BU line.

3.1.13. Dough Extensibility

Dough extensibility properties were studied using the SMS/Kieffer Dough
Extensibility Rig fitted onto a TA.XT.plus texture Analyzer (Texture Technologies Corp.,
Scarsdale, NY). Ten grams of the flour was taken and the dough was mixed to optimum
consistency. Then the dough was placed in a Teflon mold which shaped the dough into
strips of the same dimension. The dough and the Teflon mold were coated with mineral
oil to prevent stickiness and drying of the dough. The dough strips were allowed to rest
for 40 minutes. Dough strips were then clamped into the Kieffer rig platform. The hook
moved upward stretching the dough until it was broken. The resistance of a dough to
stretching was measured and recorded. The parameters determined were dough maximum
resistance (Rmax), dough extensibility (Emax), area under the curve, initial slope of the

curve (Ei) and extensibility at maximum resistance (Ermax).

3.1.14. Product development

Among the five different varieties of wheat samples only one variety (Prevail)
was processed into a finished product. Tortilla was made from the whole wheat flour and
the flour fortified with 15% of treated bran. The treated bran samples were milled to

small particle size before adding them to the patent flour. Bran size was reduced using a
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Restch Mill (Restch GmbH & Co.KG, Germany) operated at 20,000 rpm using a 0.5 mm
sieve. Bran was mixed with the patent flour using a blender (Blend Master, Patterson-

Kelly, Harsco, East Stroudsburg, PA, USA) for 45 minutes.

A Hot-press tortilla maker was used to make tortillas using a standard formula
given in the table 7. At first, the dry materials were mixed in a mixer at low speed for
about 2 minutes. Shortening was then added and mixed for 6 minutes. Finally, water was
added and mixed further for 4 minutes at medium speed. The dough was allowed to rest
for 10 minutes in a covered container. The dough was divided manually into 20 g dough
balls and allowed to rest for 10 minutes. After resting, a tortilla hot press (Dual Heat
Doughpro Tortilla Press, Propress Corp., Paramount, CA, USA) was used to press the
dough into a specific thickness. The temperature of both the upper and lower plate was
set at 100°C and the press time was set for 15 seconds at the thin setting. The tortilla was
pressed twice for 15 seconds. Baking the tortilla was then done on the heated metal plate
surface of an oven at 150°C for 35 seconds on each side. This was followed by cooling of

tortillas in a metal tray for five minutes.

3.1.15. Evaluation of tortilla properties

Two tortillas from each sample were selected and measured for color. Color was
measured with a Minolta spectrophotometer CM-580c (Konica Minolta Sensing America,
Inc) using L-a-b opposable color. Here L* is the measure of lightness, a* is the measure

of greenness to redness, and b* is the measure of blueness to yellowness.



Table 7. Hot-press whole wheat tortilla formulation

Ingredient Amount (g) % Flour Basis
Flour (14% moisture basis) 100 100

Salt 1.4 14

Baking powder 0.8 0.8

Vegetable oil 8 8

Water Adjusted -

Source: Guo, et al. (2003);Modified
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3.1.16. One dimensional extensibility using Tortilla/Pastry burst rig

An acrylic probe with 7/16 inch diameter was attached to the analyzer arm. A
tortilla was fixed on the analyzer platform. Uniaxial extensibility test was performed with
“return to speed” option with compression force and trigger force of 5 g. Pretest, test and

post-test speeds were maintained to 1mm/s, 1 mm/s and 10 mm/s, respectively.

3.1.17. Sensory analysis

Sensory analysis of tortilla with treated wheat bran was done using untrained
panelists. 12 panelists were asked to evaluate the product in terms of appearance, aroma,
texture, taste, and overall acceptability. The panel members included faculty and graduate
students in a Food Processing class. A five-point hedonic rating scale (1-dislike
extremely to 5-like extremely) was used. Only one variety of wheat was used for the
sensory evaluation at a given session. Samples were randomly coded and served

individually along with distilled water.

3.1.18. Statistical analysis

All experimental data were expressed as mean * standard deviation (SD).
Statistical analysis was done on all data by performing SPSS software using Type | error
where a level was 0.05, by analysis of variance (ANOVA) to find if there was significant
differences among the treatments. Post-hoc Duncan test was done to determine where the
differences occurred. Pearson’s correlation coefficients (r) were also computed to

understand the relationships between different variables.



3.1.19. Experimental design

I HRSW varieties (Advance, Prevail, Select, Brick and Forefront)

|

Tempering

(MC 15.5 %, » 17%)

v
White Flour (Patent flour)

Bran

Treatment

<

Water, 50% ethanol and 100% ethanol

!

Treated Bran I

| Whole wheat flour (15 % treated bran) ] | Whole wheat flour (Control)

|

|

! | !

l

|

l

Proximate Tortilla Farinograph Dough Minolta Particle size
Analysis i extensibility Spectrophotometer analysis
\L \L L*.a*b*
Minolta Sensory | Tortila burst
spectrophotometer evaluation
(leatzbl)

Figure 9. Experimental design employed in the processing and analysis of wheat samples.
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CHAPTER 4. RESULTS AND DISCUSSION

4.1. Tempering and milling

The purpose of tempering was to toughen the bran so that it could be separated
easily from the endosperm in the milling and sifting operation and to secure the correct
percentage of moisture in the finished product. The moisture content of the wheat in our
study ranged from 12.0-13.4% and the moisture content of the tempered wheat ranged
from 15.1-15.9%. After milling, the moisture content of white flour ranged from 11.11-
11.56%. Usually, the moisture content of white flour is kept below 14% because at 14%
moisture, fungal growth may take place and the flour will deteriorate early (Butt, et al.,
2004). Yield of white flour ranged from 58.6% to 64.5%, and for the bran fraction, it was

9.45% t014.45%.
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Table 8. Moisture content and yield % of five HRSW cultivars

Wheat M.C of M.C of tempered M.C of  White flour Bran yield
cultivars wheat (%) wheat (%) flour (%)  vyield (%) (%)
Advance 12.57 15.88 11.48 59.87 13.20
Prevail 12.92 15.75 11.31 63.61 14.45
Select 12.00 15.12 11.11 59.45 9.45
Brick 12.46 15.43 11.21 64.5 12.13
Forefront 13.39 15.44 11.56 58.6 11.75

M.C. = Moisture content
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Figure 10. (a) Tempering of whole wheat (b) wheat milling (c) white flour (left) and

wheat bran (right) obtained after milling.
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4.2. Particle size

All of the flour samples were subjected to particle-size measurement using a Tyler
Ro-Tap Sieve Shaker (W.S. Tyler Co., Mentor, Ohio). Wheat flour particle size was
studied using six sifter sizes: 40, 60, 80, 100, 200 and >200 mesh. Particle-size

measurement on two commercially available whole wheat flours was also done.

Table 9-11 provide the particle distribution of flour. As shown in table 9, more
flour was retained on the 100 mesh sieve for commercial whole wheat flour, while for all
other flour samples, flours retained on 200 and >200 mesh was the highest. Commercial
King Arthur whole wheat flour had significantly greater (p<0.05) retention on 60 and 100
mesh sieve. Schmiele, et al. (2012) also found larger particles for whole wheat flour and
showed that approximately 87% passed through the 32 mesh sifter. In our study,
approximately 90% passed through the 40 mesh sifter. Schmiele, et al. (2012) also
explained that 95% of the wheat flour should pass through a sieve with size 60 mesh.
However, because of presence of bran fiber, which show greater resistance to grinding,
whole grain wheat flour had larger particle size (Schmiele, et al., 2012). Among the five
cultivars, Prevail had more coarse bran particle size than other cultivars, since
significantly higher flour retention were obtained in 40, 60 and 80 mesh sieve as shown
in the table 9. Similarly, in the case of treatments used, flour incorporated with water
washed bran had higher retention on 40 mesh sieve and the value was significantly
different than others. Water washed bran swelled and might have been larger compared to

bran treated with ethanol.
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Wheat bran is hygroscopic in nature. Various studies suggest that wheat bran
hydration properties are dependent on its particle size. The water-binding capacity of
wheat bran decreased with decreasing particle size (Auffret, et al., 1994; Jacobs, et al.,
2015; D Zhang & Moore, 1999). In some studies, Farinograph water absorption was
found to be unaffected by bran particle size (Auffret, et al., 1994; Jacobs, et al., 2015; D
Zhang & Moore, 1999). However, Albers, et al. (2009) reported decreased Farinograph
water absorption with decreasing particle size, and in contrast to this, the study by Sanz
Penella, et al. (2008) suggested increased Farinograph water absorption with higher fine
bran addition and decreased water absorption with the addition of coarse bran. Finer
particle size results in increased surface area of the bran and this might have been

responsible for the increased water absorption.

Wheat bran particle size has been found to influence sensory attributes of bread.
D Zhang and Moore (1999) study showed significant effect of wheat bran particle size on
specific volumes and sensory quality of bread. They reported higher loaf volume for

bread which contained wheat bran with 415 pum (~ 40 mesh sieve) particle size.
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Table 9. Particle size comparison among the whole wheat flours from the five HRSW cultivars

and commercial whole wheat flours.

Whole wheat flours 40 mesh 60 mesh 80 mesh 100 mesh 200 mesh >200 mesh

Commercial
Dakota 4.30d 7.60b 19.10a 20.70b 24.0c 22.80c

King Arthur 8.30c 13.70a  15.00b 33.50a 20.90d 7.70d

Cultivars
Advance 9.20b  5.030e  5.25f 15.77cd 33.5b 26.93hc
Prevail 10.57a  5.95c 8.23c  14.07de  32.55b 26.25bc
Select 7.99c 5.69d 6.28d 17.33c 19.87d 42.00.a
Brick 9.47b 6.03c 6.15d 12.73e 36.87a 26.7bc
Forefront 8.02¢ 5.59d 5.71e 13.63e  34.93ab 31.55b

Values followed by the same letter in the same row are not significantly different (p<0.05).



Table 10. Comparison of particle size among the commercial wheat flour and the wheat flour

incorporated with the treated bran.

40 mesh 60 mesh 80 mesh 100 mesh 200 mesh >200 mesh

Commercials
Dakota 4.30e 7.60c 19.10a 20.70b 24.00c 22.80b
King Arthur 8.30c 13.70a  15.00b  33.50a 20.90d 7.70c
Treatments

Control (WWF) 7.27d 10.74b 14.72b 20.62b 24.28c 18.63b
Water 10.38a 4.20d 4.31c 12.51c 32.06b 35.19a
Ethanol 50% 9.61b 3.77e 2.91e 13.09¢c 34.24ab 34.87a

Ethanol 100% 8.95¢ 3.94¢ 3.35d 12.60c 35.59a 34.05a

Values followed by the same letter in the same column are not significantly different (p<0.05).

Control (WWF) = Whole wheat flour obtained from the direct milling of whole wheat, water=flour
incorporated with bran treated with water, ethanol 50% = flour incorporated with bran treated with 50%
ethanol, and ethanol 100% = flour incorporated with bran treated with 100% ethanol.
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Table 11. Particle size of the wheat flours incorporated with the treated bran and whole wheat flours of five HRSW.

40 60 80 100 200 >200
Cultivars | Treatments mesh S.D. mesh SD. mesh SD. mesh SD. mesh SD. mesh SD. N
Advance | Ethanol 100% 1090 014 360 000 200 000 990 014 3850 014 3290 071 2
Ethanol 50% 970 014 380 000 230 014 1270 042 3950 014 3040 057 2
Water 1160 0.00 3.80 000 240 028 950 042 3750 014 3390 042 2
Control (WWF) | 4.60 1.98 890 014 1430 042 3100 141 1850 212 1050 1485 2
Previal Ethanol 100% 890 099 390 014 450 014 1120 028 3940 113 3050 127 2
Ethanol 50% 910 042 430 014 500 028 1360 028 3670 042 2830 212 2
Water 1130 014 410 014 970 042 1950 212 2930 071 2360 198 2
Control (WWF) | 13.00 000 1150 014 1370 042 1200 141 2480 141 2260 3.68 2
Select Ethanol 100% 743 010 430 014 403 001 1742 088 2077 457 4513 556 2
Ethanol 50% 859 013 396 006 28 003 1410 059 1610 407 5375 341 2
Water 1139 016 393 001 288 000 1408 048 2206 404 4516 371 2
Control (WWF) | 458 014 1057 010 1539 013 2370 478 2054 119 2396 577 2
Brick Ethanol 100% 950 014 400 000 300 000 1190 0.4 4060 085 2880 085 2
Ethanol 50% 1030 014 360 000 220 000 1040 057 4160 057 3000 141 2
Water 1020 000 410 014 280 000 910 042 3860 057 3330 099 2
Control (WWF) | 7.90 014 1240 028 1660 057 1950 410 2670 014 1470 438 2
Forefront | Ethanol 100% 803 007 391 001 322 003 1260 028 3870 051 3292 031 2
Ethanol 50% 1036 0.08 320 000 222 003 1467 058 3729 035 318 062 2
Water 740 006 498 003 376 000 1035 115 3286 110 4000 048 2
Control (WWF) | 6.27 007 1027 001 1362 008 1688 209 3086 416 2138 634 2

Control (WWF) = Whole wheat flour obtained from the direct milling of whole wheat, water=flour incorporated with bran treated with
water, ethanol 50% = flour incorporated with bran treated with 50% ethanol, and ethanol 100% = flour incorporated with bran treated
with 100% ethanol, and S.D. = standard deviation.



Figure 11. Ro-Tab sieve shaker for particle analysis.
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4.3. Proximate analysis of whole wheat flour

Table 12-13 provide proximate composition of the five HRSW varieties and the
wheat flours incorporated with the treated brans. Here, the whole wheat flours obtained
from direct milling of whole wheat were used as the control for comparison. The hot air
oven method was used to measure the moisture content. A muffle furnace was used for
the ash content determination. An ether extraction method was employed for fat analysis.
Dumus combustion method was used for protein analysis. Carbohydrate content was

determined by difference.

The moisture content of all flours ranged from 9.9% to 11.5%. The lowest
moisture content was observed for the control (WWF). The standard deviation for all
samples were below 1 which means deviation from the mean was minimal. The moisture
content of Prevail cultivar was the highest (10.8%) followed by Brick cultivar (8.4%),
and those values were significantly different from all other cultivars. Similarly, the
moisture content of Advance, Select and Forefront flour were the lowest with no
significant differences. Among the four treatments, control (WWF) had the lowest
moisture content (9.8%) while the flour incorporated with 100% ethanol treated bran had
the highest (10.6%) and the values were significantly different from the other samples at
p<0.05. Moisture content of the flour mixed with water washed bran and flour mixed
with ethanol 50% treated bran were not significantly different. Determination of the
moisture content of flour is an important parameter in analyzing the flour quality since
this data is used for other tests. Lower the moisture content of the flour was conducive to

higher the storage stability.
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The ash content ranged from 1.3% to 1.7%. Ash content as a dry basis for Brick,
Forefront and Advance cultivars were found to be higher compared to other cultivars
with no significant differences, while Prevail and Select cultivar had comparatively lower
ash content. There was no significant difference in ash content among control (WWF)
and the flour incorporated with bran treated with ethanol 50%. There was also no
variation in ash content among the flour incorporated with water washed and 100%
ethanol washed bran. Ash content of 98 HRSW were determined by E. B. Maghirang, et
al. (2006) and the average value obtained was 1.67% with the minimum value of 1.27%
and the maximum of 1.93% (E. Maghirang, et al., 2006). Seyer and Gélinas (2009) also
studied the ash content on four different types of HRSW cultivar and the value was found
to be 1.81%-1.93%. These values were higher than our results. This may be because
minerals content vary according to wheat cultivar and the environmental conditions in

which they are grown (Oury, et al., 2006; Zhao, et al., 2009).

Crude fat percentage value for all the flour samples ranged between 1.0-2.1%.
The lowest fat content was obtained for flours incorporated with 50% ethanol treated
bran. Higher fat content was obtained for the control (1.74%). There was significant
difference among the fat content of five cultivars and treatments. Fat content of Forefront
cultivar was found to be the lowest while Advance had the highest fat content. Flour
incorporated with 50% ethanol treated bran was found to have significantly less fat
content (1.23%) followed by flour incorporated with 100% ethanol treated bran (1.51%).
This means ethanol 50% was more effective to remove fat from wheat bran than ethanol
100% and water. A 50% ethanol solution is the mixture of both polar and nonpolar

solvents in equal proportion and it has been suggested that more polar solvents are
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required to dissociate lipids from protein components (Hlynka, 1964). Tsen, et al. (1962)
used a mixture of ethyl alcohol, chloroform and water in the ratio of 2:1:0.8 for the
effective extraction of lipids from ground wheat samples and the requirement of water for
removal of additional lipids was proved. This supported the finding that 50% ethanol was

more effective in removing fat than 100% ethanol.

The protein content for all the flour samples ranged between 12.22-16.47%. The
control (WWF) had the highest protein content, ranging from 13.79-16.47%. Advance
cultivar had the lowest protein content of 13.79% and Select cultivar had the highest
protein content of 16.47%. White flour protein content ranged from 12.2-14.5%. Protein
content of wheat varieties differs with location and environmental condition. In the 2012
Research Report by South Minnesota Wheat Research, the protein content of Advance,
Brick, Forefront and Select cultivars at two southern MN Sites were found to be 14.5%,
15.4%, 14.9%,and 15.4% and 14.2%, 15.4%, 15.4%, and 15%, respectively (Rot & Rot).
Similarly, in the study by Seyer and Gélinas (2009), protein content of four different hard
red spring cultivar were found to be 12.2%-13.5%. The protein value from our study was
also found to be in the similar range. In the case of treatments used, protein content of
flour incorporated with water treated bran was higher than the flour incorporated with
ethanol treated bran. The least protein content was found for flour incorporated with
100% ethanol treated bran. Wheat protein content is an important factor in baking and in
the production of other wheat based products like pasta and noodles. The protein content

varies widely depending on the type of wheat, fertilizers used and growing conditions.

Total carbohydrate was determined by difference by the AOAC (1990) method.

Here, the sum of moisture%, fat%, protein%, and ash% was subtracted from 100% to get
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the total carbohydrate content. Application of the same method to determine carbohydrate
can be found in various literature (Garg & Dahiya, 2003; Schmiele, et al., 2012).
Carbohydrate content of all five cultivars were significantly different to each other.
Forefront had significantly highest carbohydrate content, followed by Advance cultivar,
while Prevail had significantly lower carbohydrate content. In the case of treatments
used, there was no significant difference between the carbohydrate content of the flour
incorporated with bran treated with 50% and 100% ethanol. Control (WWF) had
significantly lower carbohydrate content. Forefront had significantly lower moisture and
protein content which had resulted in significantly higher carbohydrate content of
Forefront. In the same way, since Prevail had highest moisture and protein content, its

carbohydrate content was lower.



Table 12. Comparison of proximate composition of whole wheat flours and wheat flours made
from the incorporation of treated bran.

64

Whole wheat flours Moisture (%)  Ash (%) Fat (%) Protein (%) Carbohydrate (%)
Cultivars
Advance 10.25¢ 1.56a 1.76a 14.03b 72.4b
Prevail 10.81a 1.46b 1.43d 14.8a 71.5e
Select 10.17c 1.46b 1.64b 14.65a 72.07c
Brick 10.41b 1.55a 1.58c 14.64a 71.8d
Forefront 10.27c 1.55a 1.31e 14.16b 72.7a
Treatments
Control (WWF) 9.98c 1.63a 1.74a 15.24a 71.42¢
Water 10.49b 1.32c 1.68b 14.48b 72.03b
Ethanol 50% 10.43b 1.62a 1.23d 14.32c 72.4a
Ethanol 100% 10.62a 1.49b 151c 13.79d 72.6a

Values followed by the same letter in the same column are not significantly different (p<0.05).

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour
incorporated with bran treated with water, ethanol 50% = flour incorporated with bran treated with 50%
ethanol, and ethanol 100% = flour incorporated with bran treated with 100% ethanol.



Table 13. Proximate composition of ground whole wheat flour and flour made from the incorporation of
treated brans.

Moisture % Ash % Fat % Protein % Carbohydrate%

Cultivars ~ Treatments Mean SD Mean SD  Mean SD Mean SD Mean SD
Ethanol 100% 10.97  0.05 153 0.01 1.67 0.04 1355 0.03 7227 0.03

Advance Ethanol 50% 10.18  0.03 1.70 0.08 1.14 0.03 1388 0.12 7311 0.14
Water 10.74  0.04 148 0.03 2.03 0.06 1489 0.18 70.86 0.22

Control (WWF) 9.10 0.08 153 001 221 0.13 13.79 0.27 73.38 0.21

Ethanol 100% 10.22  0.01 148 0.09 1.73 0.01 1351 0.02 73.07 0.06

. Ethanol 50% 11.00 0.06 169 004 125 0.02 1457 015 7150 0.07
Brick Water 10.32  0.12 138 0.02 161 0.04 1486 0.06 71.83 0.13
Control (WWF) 1012  0.04 166 0.01 1.72 0.06 1561 0.18 70.89 0.08

Ethanol 100% 10.50 0.00 155 0.00 131 0.03 1291 0.07 73.73 0.04

Forefront Ethanol 50% 1011 0.04 164 0.02 117 0.04 1406 025 73.02 0.36
Water 10.28 0.19 131 0.01 142 0.04 1438 0.02 7261 0.20

Control (WWF) 10.17  0.01 169 010 1.32 0.01 1532 032 7150 0.42

Ethanol 100% 10.71 0.25 1.54 0.02 1.34 0.07 14.77 0.11 71.65 0.06

Prevail Ethanol 50% 10.70  0.06 154 010 112 0.04 1501 0.04 7163 0.04
Water 1129 0.16 118 005 173 0.03 1443 018 7137 031

Control (WWF) | 1054 0.12 153 018 152 0.04 1502 0.04 7139 0.06

Ethanol 100% 10.72  0.00 139 010 151 0.04 1425 020 7214 0.34

Select Ethanol 50% 10.16  0.09 151 0.02 148 0.03 1409 0.28 7277 0.19
Water 9.86 0.10 125 011 1.62 0.01 1382 0.05 7345 0.05

Control (WWF) 9.96 0.06 171 0.01 1.93 0.08 16.47 0.13 69.93 0.15

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour incorporated with
bran treated with water, ethanol 50% = flour incorporated with bran treated with 50% ethanol, and ethanol 100% =
flour incorporated with bran treated with 100% ethanol, and S.D. = standard deviation.
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4.4. Total Dietary fiber (TDF)

TDF values for the five HRSW are provided in table 14. The TDF values ranged
between 7.56-9.06%. In the study by Andersson, et al. (2013), 129 winter wheat samples
were analyzed for TDF content and the TDF value ranged from 11.5-15.5%. TDF

content of WWF obtained from our study were found to be lower in value.

CODEX defines dietary fiber as carbohydrate polymers with ten or more
monomeric units, which cannot be hydrolyzed by the endogenous enzymes in the small

intestine of humans and belong to the following categories:

- Edible carbohydrate polymers naturally occurring in the food as consumed,

- Carbohydrate polymers, which have been obtained from food raw material by
physical, enzymatic or chemical means and which have been shown to have a
physiological effect of benefit to health as demonstrated by generally accepted
scientific evidence to competent authorities and synthetic carbohydrate polymers
which have been shown to have a physiological effect of benefit to health as
demonstrated by generally accepted scientific evidence to competent authorities

(Pomeranz, 1988a).

Most of the research reports increased water absorption with increase in fiber
(Sanz Penella, et al., 2008; Seyer & Gélinas, 2009; Van Hung, et al., 2007; D Zhang &
Moore, 1999). Though Select cultivars had the highest TDF (9.06%), Farinograph water
absorption for Select flour was not the highest. In fact, Brick cultivar was found to have
highest water absorption but the TDF of Brick cultivar was found to be 8.05%. This may

be because TDF is not only the parameter affecting water absorption. Water absorption is



affected by various other parameters such as gluten quality, protein and the amount of

starch present.
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Table 14. Total Dietary Fiber (TDF) of five HRSW cultivars.

Cultivars TDF % (db)
Select 9.06a
Advance 8.63a
Prevail 8.20a
Forefront 7.56a
Brick 8.05a

TDF=Total dietary fiber
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4.5. Color measurement using Minolta Spectrophotometer
4.5.1. Bran color

Tables 15-16 provide the overall color of the wheat bran after water and ethanol
treatment. The color parameters were expressed in terms of L* (lightness), a* (redness)
and b* (yellowness). L* value ranged from 61.22 to 65.84. The highest L* (64.57) was
obtained for Forefront bran while the lowest L * (61.35) value was obtained for the
Advance bran. Similarly, Forefront bran had the lowest a* and the highest b*. The a* for
the Forefront bran was significantly different to other values. This means Forefront bran
had the highest brightness, lower redness and higher yellowness. Advance and Brick bran
had lower brightness with L* value of 61.35 and 61.91 respectively. a* for Advance and
Brick bran were higher with the value of 6.22 and 6.1, respectively and b* value were
lower with 16.54 and 16.72 values. This implies that Advance and Brick bran had lower
brightness, higher redness and lower yellowness. The b* value was highest for Prevail

bran which shows Prevail bran was comparatively more yellow in color.

The bran samples from five different wheat varieties were washed with 50%
ethanol, 100% ethanol and water. The average L* value for water treated, 50% ethanol
treated and 100% ethanol treated bran were found to be 62.31, 63.7 and 63.18,
respectively. Bran treated with 50% ethanol had the highest L* and the value was
significantly different to others. Both a* and b* values were higher for water washed bran
than ethanol treated bran. Thus, it can be said that both 50% and 100% ethanol had a
significant effect on all the three parameters. This suggested that the ethanol had positive
impact on the bran color. Ethanol at strength 50% and 100% was found to be good for the

removal of red pigments from the wheat bran as represented by lower a* values. Further
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100% ethanol was found to be more effective for the removal of yellow pigments (b*).
Similar results were found in the study by Saunders, et al. (2013), where ethanol was
used to extract pigments from corn distillers dried grains with soluble (DDGS). Ethanol
used as a solvent increased the brightness (Hunter L value) and decreased redness
(Hunter a value) but there was no significant effect on b values (yellowness) in Saunders,

et al. (2013) study.

Ethanol at 50% was found to be as efficient as ethanol at 100% concentration in
removing the color pigments. Ethanol can dissolve both polar and non-polar substances
because of its solubility properties. Thus, it is easily soluble in water in all proportions
(Delgado & Martinez, 2013). The polarity index of water, 50% ethanol and 100% ethanol
are 9, 7.1 and 5.2, respectively. The polarity index increases with polarity (Tang, et al.,
2005). Polarity is highly related with solubility since polar molecules are soluble in polar
solvent while non-polar molecules are soluble in non-polar solvent. 50% ethanol solution
has ethanol and water in equal proportion. When wheat bran was soaked in 50% ethanol,
bran absorbed water and it was swollen completely thereby increasing the surface area.
That is why 50% ethanol might have been effective in removing the pigments. Further,
fat content of flour incorporated with 50% ethanol treated bran was found to be

significantly lower, suggesting better fat removal and color pigments with 50% ethanol.



Table 15. Overall color comparison of wheat bran from five HRSW and the bran

obtained after treatment with water and ethanol (50% and 100%).

Factors Bran L* Mean a* Mean b* Mean

Cultivars | Advance 61.35e 6.1b 16.54e
Prevail 64.01b 5.97c 17.31a
Select 63.49¢ 6.00bc 16.92c
Brick 61.91d 6.22a 16.72d
Forefront 64.57a 5.85d 17.04a

Treatments | Water 62.31c 6.37a 17.07a
Ethanol 50% 63.7a 5.83b 16.95b
Ethanol 100% 63.18b 5.88b 16.69c¢

Values followed by the same letter in the same column are not significantly different (p< 0.05).
Water = wheat bran treated with water, ethanol 50% = wheat bran treated with 50% ethanol, and ethanol
100% = wheat bran treated with 100% ethanol.
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Table 16. Mean and standard deviation (S.D.) of L*, a* and b* of water and ethanol treated wheat

bran.

L* a* b*
Cultivars Treatments

Mean S.D. Mean S.D. Mean S.D. N

Advance Ethanol 100% | 61.24 0.23 6.06 0.08 16.29 0.13 5
Ethanol 50% 61.59 0.46 5.80 0.14 16.58 0.10 5

Water 61.22 0.61 6.44 0.16 16.73 0.10 5

Brick Ethanol 100% | 61.78 0.50 6.06 0.11 16.43 0.14 5
Ethanol 50% 61.97 0.24 5.88 0.12 16.42 0.11 5

Water 61.98 0.19 6.73 0.12 17.29 0.11 5

Forefront | Ethanol 100% | 64.85 0.20 5.86 0.06 17.17 0.19 5
Ethanol 50% 64.99 0.11 5.69 0.06 16.94 0.20 5

Water 63.86 0.17 5.97 0.08 17.07 0.09 5
Prevail Ethanol 100% | 63.37 0.31 5.74 0.07 16.78 0.20 5
Ethanol 50% 65.84 0.33 5.84 0.38 17.73 0.27 5
Water 62.83 0.37 6.34 0.20 17.41 0.13 5
Select Ethanol 100% | 64.67 0.46 5.71 0.13 16.82 0.15 )
Ethanol 50% 64.12 0.43 5.92 0.16 17.05 0.15 )
Water 61.66 0.47 6.37 0.12 16.88 017 15

Water = bran treated with water, ethanol 50% = bran treated with 50% ethanol, ethanol 100% = bran
treated with 100% ethanol, and S.D. = standard deviation.
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4.5.2. Whole wheat flour color

Comparison of whole wheat flour from different wheat varieties and the wheat
flours incorporated with the treated bran are summarized in tables 17-18. Brightness of
flour as expressed in terms of L* were in the range of 80.72-83.96. The highest L* value
was obtained for Forefront flour followed by Brick flour and the lowest was for Prevail
flour as shown in table 17. There was no significant differences in L* value among
Advance, Select and Brick flours. In terms of redness (a*) and yellowness (b*), Prevail
flour had the highest value. This means Prevail flour was darker in color in terms of all
the three parameters, L*, a* and b*. Brick flour had the lowest a* and b* value and this

was followed by Forefront and Select.

The flour incorporated with 50% ethanol treated bran had the highest L* value
and the lowest a* and b* value as shown in table 17. There was no significant difference
between WWF and flour incorporated with water treated bran in terms of L* value.
Highest a* (redness) was obtained for the water treated bran and the highest b*
(yellowness) was obtained for the control (WWF). As expected, Forefront flour had the

highest L* since forefront bran was brightest of all.
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Table 17. Comparison of color among whole wheat flours and among flours incorporated

with treated bran.

Factors L* a* b*
Cultivars
Advance 82.52b 1.44b 10.52b
Prevail 81.69c 1.63a 10.78a
Select 82.68b 1.39b 10.22c
Brick 82.38b 1.29c 10.20c
Forefront 83.18a 1.45b 10.36bc
Treatments
Control 81.95¢c 1.38b 10.82a
(WWF) 82.08c 1.71a 10.64b
Water 83.18a 1.28¢c 10.11c
Ethanol 50% | 82.76b 1.38b 10.11c

Ethanol 100%

Values followed by the same letter in the same column are not significantly different (p<0.05).

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour
incorporated with bran treated with water, ethanol 50% = flour incorporated with bran treated with 50%
ethanol, and ethanol 100% = flour incorporated with bran treated with 100% ethanol.
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Table 18. Mean and standard deviation of L*, a* and b* among whole wheat flours from different cultivars

and flour incorporated with treated brans.

Cultivars | Treatments L* Mean S.D. a*Mean S.D. b*Mean S.D. N
Advance | Ethanol 100% 82.01  0.38 144 005 9091 02 5
Ethanol 50% 82.48  0.24 13 009 103 022 5

Water 81.93  0.35 158 016  10.87 041 5

Control (WWF) 83.67  0.39 143 007  10.99 018 5

Brick Ethanol 100% 8254 04 133 015 10.45 021 5
Ethanol 50% 83.25  0.58 1.01 0.1 9.57 048 5

Water 82.81  0.49 144 017 9.98 04 5

Control (WWF) 80.93 04 137 011 10.81 024 5

Forefront | Ethanol 100% 83.48 0.62 1.38 0.2 10.26 0.44 5
Ethanol 50% 83.96  0.75 122 013 9.76 019 5

Water 82.85  0.36 176 0.08 10.59 015 5

Control (WWF) 8245  0.35 143  0.16 10.82 024 5

Prevail | Ethanol 100% 82.68  0.41 139  0.06 9.92 042 5
Ethanol 50% 8252  0.23 16  0.06 11.2 038 5

Water 80.84  0.47 214 013 11.45 011 5

Control (WWF) 80.72  0.43 137 012 10.57 05 5

Select | Ethanol 100% 83.07  0.45 135 013 10 035 5
Ethanol 50% 83.69  0.29 128 011 9.66 014 5

Water 81.97 0.63 163 0.4 10.32 017 5

Control (WWF) 81.98  0.59 13 011 10.9 012 5

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour

incorporated with bran treated with water, ethanol 50% = flour incorporated with bran treated with 50%

ethanol, ethanol 100% = flour incorporated with bran treated with 100% ethanol, and S.D. = standard

deviation.
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4.6. Gluten content

One way of determining the wheat quality and quantity is the determination of
total gluten and the Gluten Index (GI). The dry gluten content of Advance, Prevail,
Select, Brick, and Forefront flour were found to be 11.64, 11.66, 12.98, 10.89, and 9.88,
respectively. Select flour had the highest and Forefront had the lowest dry gluten content
and their dry gluten content was significantly different from other samples. There was no
significant difference among Advance flour and Prevail flour in terms of dry and wet

gluten content.

The percentage of wet gluten remaining on the sieve after washing with salt
solution and centrifugation is the gluten index. Gl of Select flour was significantly lower
while Gl of Brick, Advance and Forefront were significantly higher. In general a value
of GI between 55-100 is considered to be suitable for bread making, but GI below 40 are
appropriate for animal feed. Flour with GI greater than 80% is considered to be strong
wheat (Barros, Alviola, et al., 2010b; Gil, et al., 2011; Oikonomou, et al., 2015) while Gl
below 50 are weaker (Barros, Alviola, et al., 2010b). GI value for all the five wheat
varieties were found to be higher than 90%. Several studies have suggested hard red
spring wheat (HRSW) to be superior to hard red winter wheat (HRWW) in regard to Gl
(E. Maghirang, et al., 2006). Gl is a measure of gluten quality. Advance, Brick and
Forefront were found to have the highest GI. Though gluten content was found to be
higher for Select flour, its GI was the lowest. This suggested that the gluten quality of
Select flour was not superior. Gluten quality is highly correlated with Farinograph

properties; water absorption (WA), dough development time (DDT) and dough stability



(DS). As shown in table 20, Select flour had the lowest DDT and DS. Inferior gluten

quality may be the reason behind it.
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Table 19. Gluten content of five varieties of wheat flour.

Wheat cultivars Wet gluten% Dry gluten% Gl (%)

Advance 31.55+1.93° 11.12+0.88" 98.75+0.94°
Prevail 34.47+0.5° 11.71+0.25P 95.54+1.66"
Select 37.14£1.92° 12.91+0.25° 90.28+3.45°
Brick 29.50+0.63¢ 10.760.42° 99.03+0.922
Forefront 29.57+1.84¢ 10.08+0.57¢ 96.5+2.24%

Values followed by the same letter in the same column are not significantly different (p<0.05).
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4.7. Rheological properties of dough

Gluten, the major protein present in wheat flour, is composed of glutenin and
gliadin. The glutenin complex provides the major viscoelastic properties to wheat flour
dough. Gliadin protein is not as cohesive as glutenin protein and they give the dough its
extensibility and viscosity. There are two chemical bonds in the dough system. They are
covalent and non-covalent bonds. The two important covalent bonds are peptide bonds
and disulphide bonds. Disulphide bonding of the polypeptide subunits of the glutenin
complex is responsible for the viscoelastic properties of dough. Disulfide bonds are
important for its cohesion. In glutenin, the disulfide bonds actually bind together protein
chains with varying molecular weights ranging from 30,000 to 140,000 to form giant
structures with higher molecular weights (HMW). Glutenin polymers are therefore,

difficult to dissolve in water due to their larger size (Khan & Shewry, 2009).

4.7.1. Brabender Farinograph analysis

Tables 20 and 21 provide Farinograph data on five varieties of whole wheat flour.
In the current study, it was found that treating the bran with ethanol had beneficial impact
on dough rheological properties. Water absorption increased and MTI level decreased in
flour incorporated with bran treated with 50% ethanol in comparison to control (WWF).
Five parameters were determined using the Brabender Farinograph. They were water
absorption on 14% moisture basis (WA), dough development time (DDT), dough

stability (DS), tolerance index (MT]I) and breakdown time/departure time (BT).
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Table 20. Comparison of farinograph parameters among ground whole wheat flours and

flour incorporated with treated bran.

WA (%) DDT (min) Stability (min) MTI(BU) BT(min)

Cultivars

Advance 65.86bc 7.33c 11.64c 21.25b 15.14c

Prevail 63.29d 8.79b 13.36b 19.50b  17.89ab

Select 66.29b 6.34c 10.26d 27.75a 12.65d

Brick 66.85a 10.5a 15.29a 20.63b 19.04a

Forefront 65.66¢ 7.56¢ 13.95b 18.13b 16.8b
Treatments

Control (WWF) 63.71c 6.44c 7.86d 28.4a 11.99c

Water 68.08a 8.84ab 12.02c 23.4b 16.17b

Ethanol 50% 63.93c 9.22a 14.47b 18.60c 19.96a

Ethanol 100% 66.64b 7.91b 17.25a 15.4c 17.09b

Values followed by the same letter in same column are not significantly different (p<0.05).

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour
incorporated with bran treated with water, ethanol 50% = flour incorporated with bran treated with 50%
ethanol, ethanol 100% = flour incorporated with bran treated with 100% ethanol, WA = water absorption
(on 14% moisture basis), DDT = dough development time (minutes), stability = dough stability (minutes),
MTI = mixing tolerance index (BU) and BT = breakdown time.
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Table 21. Mean and standard deviation (S.D.) of overall Farinograph parameters of ground whole wheat flours and

flour incorporated with the treated bran.

Cultivars | Treatments WA S.D. DDT S.D. Stability S.D. MTI SD. BT SD. N
Advance | Ethanol 100% 68.85 021 875 205 1180 085 21.00 566 1550 042 2
Ethanol 50% 64.05 0.64 6.60 1.27 1745 134 1050 0.71 1920 198 2
Water 68.05 049 810 057 8.55 134 2950 495 1330 212 2
Control (WWF) | 6250 0.00 585 0.21 8.75 1.63 2400 566 1255 177 2
Prevail Ethanol 100% 6710 014 850 0.71 11.65 0.07 23.00 4.24 1510 014 2
Ethanol 50% 60.85 0.21 1120 0.28 16.75 035 1350 212 2420 113 2
Water 6535 035 925 1.06 16.90 226 1550 354 2030 226 2
Control (WWF) | 59.85 0.21 6.20 0.42 8.15 0.07 26.00 2.83 1195 0.21 2
Select Ethanol 100% 65.20 0.28 6.05 1.20 1425 078 21.00 0.00 1540 0.28 2
Ethanol 50% 66.05 148 560 0.85 1145 064 26.00 141 1140 042 2
Water 6770 028 795 0.35 9.90 127 2550 495 1440 127 2
Control (WWF) | 66.20 0.57 575  0.07 5.45 035 3850 0.71 940 014 2
Brick Ethanol 100% 67.70 085 880 0.85 1835 021 105 0.71 2130 014 2
Ethanol 50% 65.05 035 1350 3.25 2315 318 1200 141 2475 332 2
Water 70.05 0.07 1120 141 1150 0.14 27.00 566 1685 035 2
Control (WWF) | 64.60 0.14 850 0.00 8.15 035 33.00 849 1325 148 2
Forefront | Ethanol 100% 6435 0.07 745 1.06 16.30 0.00 1750 495 1815 148 2
Ethanol 50% 63.65 035 9.20 0.00 1745 035 1500 0.00 2025 035 2
Water 69.25 0.07 7.70 0.00 1325 092 1950 6.36 16.00 0.71 2
Control (WWF) | 65.40 0.14 590 057 8.80 0.00 20.50 4.95 1280 0.00 2

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour incorporated with
bran treated with water, ethanol 50% = flour incorporated with bran treated with 50% ethanol, ethanol 100% = flour
incorporated with bran treated with 100% ethanol, WA = water absorption (on 14% moisture basis), DDT = dough
development time (minutes), stability = Dough stability (minutes), MTI = mixing tolerance index (BU), BT =
breakdown time, and S.D.= standard deviation.
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Water absorption (14% moisture basis):

The mean value and standard deviation (S.D.) of water absorption (WA) for all
the samples is listed in table 21. The average WA for Advance, Prevail, Select, Brick, and
Forefront were found to be 65.86, 63.29, 66.29, 66.85, and 65.66%, respectively. Brick
had significantly higher WA while Prevail had the lowest. In the case of treatments used,
average water absorption value for flour incorporated with water treated bran, 50%
ethanol treated bran and 100% ethanol treated bran were found to be 68.08, 63.93 and
66.64%. In a study by GUL and coworker (2009), water absorption (%) of wheat flour
incorporated with 10% and 20% wheat bran was found to be 61.8% and 66.9%,
respectively. Here, the increase of bran incorporation by 10% brought about 5% increase
in Farinograph water absorption. This was because of increase of fiber content. Though
flour was incorporated with 15% bran in our study, the water absorption was found to be
in the range of GUL and coworker (2009) study for 20% wheat bran. This was because
water absorption of flour is affected by other factors such as protein and starch content.
Water treated bran had the highest water absorption (68.1%). This might be because flour
incorporated with water washed bran had coarser particle size as explained by
significantly higher amount of flour retention on the 40 mesh size sieve. There was no
significant difference in the water absorption among control (WWF) and the flour
containing 50% ethanol treated bran. Water absorption is one of the most important
Farinograph parameters. This parameter determines the flour strength and is necessary for
quality and price calculation of the finished product (Hadnadev, et al., 2011; Linlaud, et
al., 2009). Water absorption is strongly related to the amount of damaged starch present,

quality and quantity of gluten present and the fiber content. The amount of fiber present
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play a vital role in amount of water absorbed by the flour. Whole wheat flour has 12-15%
fiber while refined white flours have below 2% fiber (Linlaud, et al., 2009). Water
absorption varies with the amount of protein, starch and fiber. If the water absorption is
higher than the optimal value, the dough becomes slurry and if it is low, the dough
becomes powdery (Zaidel, et al., 2010). Researches have reported increased water
absorption with incorporation of bran in flour (Noort, et al., 2010; D Zhang & Moore,
1999). This is because of different hydration properties of wheat bran which is further
responsible for adverse effect on bread production (Noort, et al., 2010; Pomeranz,
1988b). In our study however, there was no difference in fiber content among the
cultivars used in this study. Roozendaal, et al. (2012) reported adverse effect of bran
incorporation when bran % used was equal to or above 20%. They claimed that though
bran competes with starch and gluten for water during bread making, its affinity for water
is low. They further explained that bran loses water under stress like high temperature
causing disruption of gluten network and starch gelatinization. So, in our study bran

incorporation was limited to 15%.

Particle size of the wheat bran might also affect water absorption. But in the study
by Noort, et al. (2010), no significant effect of particle size on water absorption was
observed. Jacobs, et al. (2015) studied the hydration properties of wheat bran. They found
that water retention capacity was found to be affected but the Farinograph absorption was
not affected by particle size. However, in another study by Sanz Penella, et al. (2008),
water absorption was found to increase by 5% with increase in percentage of bran

addition and lower bran particle size.
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Dough development time (DDT):

Dough development is characterized by the complete hydration of protein and
starch. This parameter is important for bakers to develop an optimally mixed dough.
Overall DDT value varied from 5.6 to 13.5 minutes as shown in table 21. Since Brick
cultivar had significantly high water absorption, it resulted in high DDT. There was no
significant difference among DDT of Select, Advance and Forefront cultivar. In the case
of bran treatment used, ethanol at 50% strength had the highest DDT while control
(WWF) had the lowest. Water treatment and 100% ethanol treatment were not
significantly different in terms of DDT. When wheat bran was treated with 50% ethanol,
some fat might have been selectively removed which positively influence the rheological
properties. So, flour incorporated with bran treated with ethanol at 50% strength might
yield a higher DDT. DDT also depends upon the amount of gluten and fiber present like
WA. In Barak, et al. (2013) study, DDT and dough stability increased in accordance to
protein content of wheat varieties. Comparatively, Brick cultivar had the highest gluten
index. Higher gluten index is related to higher gluten quality. This was the reason why
Brick flour had the higher DDT value. Similarly, Select flour had the lowest gluten index
and its DDT value was also lower. It also depends upon the particle size of the bran.
According to Sanz Penella, et al. (2008), DDT increased with percentage of bran present
and decreased with the particle size of the bran. However, in this study, though Prevail

had coarse particle size, there was no effect on water absorption and DDT.

Mixing tolerance index (MTI):
MTI for five different wheat cultivars ranged between18.13-27.75 BU, as shown

in table 21. The highest MTI was observed for Select wheat flour (27.75 BU). In the case



85

of the treatments used, flour incorporated with bran treated with 50% ethanol and 100%
ethanol had the lowest MTI with the values 18.6 and 15.4 BU, respectively. Flour with
lower MT1 is preferred in baking. In the study by Sanz Penella, et al. (2008), at higher
bran concentration MTI was found to be decreased by 8% but with decreased bran
particle size, MTI was found to be increased by 66%. In this study, % bran incorporation
was same but there were differences in particle size. For flour incorporated with 50% and
100% ethanol treated bran, more flour was found to be retained in 200 and less than 200
mesh size sieve,. This means those flours had more fine bran particles. This might be the

reason behind low MTI.

Dough stability:

Since Brick flour had significantly higher WA and DDT, its dough stability was
also found to be higher. A longer mixing time results from strong flour because of the
dense particles of stronger flour and slower water penetration (Zaidel, et al., 2010).
Lower dough stability from flour with smaller bran particle fraction was observed in the
Noort, et al. (2010) study indicating lower gluten network formation. Brick cultivar had
the highest stability (15.29 minutes) and Select had the lowest (10.26 minutes) dough
stability. Ethanol 100% incorporated flour had the highest stability (17.25 minutes)

followed by ethanol 50% incorporated bran (14.47 minutes).

Breakdown time (BT):
Prevail and Brick wheat cultivars had the highest breakdown time with the values
of 17.89 and 19.04 minutes, respectively. Select cultivar had the lowest BT with the value

of 12.65 minutes. In terms of bran treatments used, control (WWF) had significantly low
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BT while flour incorporated with 50% ethanol treated bran had the highest BT. There

was no significant difference among flour incorporated with water and ethanol 100%.

Overall, Brick flour was found to be superior among other cultivars in terms of
Farinograph parameters including water absorption (WA), dough development time
(DDT), dough stability (DS), mixing tolerance index (MTI), and breakdown time (BT).
In terms of gluten, though Brick flour had the lowest dry gluten content, gluten index
value (GI) was the highest for Brick flour. Gl is an important parameter used for the
determination of gluten strength (Edwards, et al., 2007). It is an indication of whether the
wheat is weak, normal or strong (E. B. Maghirang, et al., 2006). Similarly, high water
absorption and high dough stability are the feature of strong flour (Migliori & Correra,

2013). This means among the five HRSW, Brick cultivar had highest dough strength.

In case of bran treatments used, ethanol 50% had overall higher DDT, higher
stability, lower MTI and higher BT. Water absorption though was not found to be higher
for the flour incorporated with 50% ethanol treated bran, it was difficult to relate how
flour incorporated with ethanol treated bran affected every parameter. But since ethanol
is a good solvent, it might have selectively removed fat from wheat bran that are
responsible for undesirable dough rheological properties. Also, treated bran might have

strengthened the protein matrix.

Increased DDT and decreased MTI with the increase in fiber content have been
found in H and Prakash (2002) study. Higher water is absorbed by stronger flours than
weaker flours because of higher protein content and dense particles of stronger flour

(Zaidel, et al., 2010). Protein-protein interaction (Lazaridou, et al., 2007) and formation
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of three dimensional viscoelastic properties and gas retaining is the basic of dough
development (Sliwinski, et al., 2004). Sanz Penella, et al. (2008) suggested negative
correlationship of dough stability with MTI. Similar results were obtained in our study, as
shown in the table 22. From the Pearson correlation coefficient, dough stability was
found to be positively correlated to DDT (r=0.592) and BT (r=0.926) while negatively
correlated to MTI (r=-0.836). Also the correlation was significant at 0.01 level (p<0.01).
Dough stability was also found to be related to GI (r=0.338). MT1 was again negatively

correlated to Gl (r=-0.383) and BT (r=-0.806).



Table 22. Pearson’s correlation among Farinograph parameters.
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WA DDT DS MTI BT Gl
WA 1 0.139 -0.099 0.178 -0.13 -0.103
DDT 1 0.592** -0.292 0.733** 0.346
DS 1 -0.836** 0.926** 0.338
MTI 1 -0.806**  -0.383*
BT 1 0.383*

WA=water absorption (14% moisture basis), DDT=dough development time (minutes), DS=dough stability
(minutes), MTI=mixing tolerance index (BU), BT= breakdown time (minutes), and GI = gluten index (%)

** * Correlation is significant at the 0.01and 0.05 level (2-tailed), respectively.
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4.7.2. Dough extensibility test

This test was performed using Kieffer dough and gluten extensibility rig (A/KIE)
using 5kg load cell. Table 24 and 25 provides the data for dough extensibility of whole
wheat flour. The five parameters determined were resistance to extension or dough
strength (Rmax), maximum extensibility of dough (Emax), extensibility at Rmax (Ermax),

initial slope of the curve (Ei) and area.

Resistance to extension (Rmax) and dough extensibility (Emax):

Rmax IS the force required to pull the dough strip apart. Among the five different
wheat cultivars, Brick and Prevail had significantly highest Rmax, followed by Select
cultivar, while Forefront had significantly lower Rmax. In case of bran treatments used,
flour incorporated with 50% ethanol treated bran had the maximum resistance to
extension followed by flour with 100% ethanol treated bran. Control (WWF) had the
lowest Rmax. This suggested that the dough made from the flour incorporated with ethanol

treated bran increased the dough strength.

Comparatively, control (WWF) had significantly high extensibility. Ethanol 50%
and ethanol 100% had significantly low Emax values. Similarly, among the wheat
cultivars, Advance had the highest Emax and Prevail had the lowest Emax values. There
was no significant differences among Select, Brick and Forefront in terms of Emax.
Maximum dough extensibility (Emax) was found to be negatively correlated to dough
resistance (Rmax) (r=-0.641) and with Farinograph mixing tolerance (r=-0.267). Similar

pattern of correlations were observed in previous research by Nash, et al. (2006).
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WWEF has total dietary fiber ranging from 11.5-15.5%. The incorporation of fiber
affects the rheological properties of dough by disrupting the gas cells followed by
breakdown of the three dimensional gluten network. This makes solid like property
dough which in turn is responsible for reducing dough extensibility (Ahmed & Thomas,
2015). This was the reason why flour incorporated with ethanol treated bran had reduced
extensibility (Emax) but higher dough strength (Rmax). In the study by Ahmed and Thomas
(2015), when some part of the flour was replaced with f-glucan, water absorption
capacity increased but dough extensibility decreased. The same results were obtained in
our study. Dough strength and dough extensibility are also the important factors in

breadmaking.

Area:

The area under the curve is proportional to the energy required to bring about
rupture of the test piece along the predetermined path, so sometimes it is expressed by
energy. This is associated with both a large resistance and a large extensibility. But in our
study area was found to be positively correlated to Rmax (r=0.875) and negatively
correlated to Emax (r=-0.298). The area of the curve obtained from control (WWF) dough
was the lowest while for flour incorporated with 50% ethanol treated bran was the
highest. There was no significant difference among Select, Brick and Advance wheat

cultivars while Forefront had significantly lower area under the curve.

Extensibility at maximum resistance (Ermax):
Ermax Value for Advance cultivar (22.75 mm) was found to be higher followed by

Brick and Forefront cultivar (20.92 and 20.46 mm, respectively). Prevail and Select
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values had the lowest Ermax (19.36 and 20.03 mm, respectively) with no significant
differences. For the bran treatments used, ethanol at 50% strength, had significantly high
area (1026.32 g.mm) under the curve, while control (WWF) had significantly low area

(690.05 g.mm).

Initial slope (Ei):

Gradient of force-distance curve during the first second of the test is Ei. The initial
slope of the curve (E;) for Brick and Prevail cultivar was found to be significantly higher
(1.14 and 1.18 g/mm, respectively) while Advance and Forefront had the lowest (0.88
and 0.94 g/mm, respectively) Ei. For the bran treatments used, ethanol at 100% strength
had significantly high E;, followed by ethanol at 50% strength, as shown in table 24.
Control (WWF) had significantly low E; value. The initial slope of the curve Ej was
found to be strongly correlated to Rmax (r=0.971) while negatively correlated to Emax (r=-

0.704) as shown in table 23.

Difference between Emax and Ermax (Ediff):

Eqirr was higher for Advance and Select cultivar while significantly lower value
were observed for Brick and Prevail cultivars. Similarly, in the case of bran treatments
used, control (WWF) had the highest Eqitr while ethanol at 50% strength and ethanol at
100% strength had the lowest Eqitr. Since Euaitr is the difference between Emax and Ermax, it
is actually a parameter to measure how much the dough could be stretched further from
the point when cross-links start to break to the point when dough ruptures completely. It

is often referred as ‘extensional delay’ (Anderssen, et al., 2004). Eqifr was found to be
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strongly correlated to Emax (r=0.961) while negatively correlated to Rmax (r=-0.697) as

shown in table 23.

According to Anderssen and coworkers (2004), Rmax and Emax together were not
sufficient to differentiate among different flour samples, instead the most relevant
parameters for determining the baking performance were Rmax, Emax and Editf. They
claimed Euqitr (extensibility of dough before it ruptures) to be an important measure of the
molecular dynamics of the dough. They also stated Egifr to be an indicative of what
happens in the gas cell walls during the final stage of baking. Due to the larger size of
glutenin, they can form continuous network and is responsible for dough strength
(resistance to deformation) and elasticity of dough while gliadin on the other hand, it acts
as a plasticizer of the glutenin polymeric system (Goesaert, et al., 2005). GI, the measure
of gluten quality, was highest for Brick cultivar. Gl was found to be positively correlated

to Rmax, Ermax and area while negatively correlated to Emax and Eqitr.
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Table 23. Pearson’s correlations among protein, extensibility parameters and Farinograph parameters.

Area Rmax Emax ERrmax Ei Eaiff Gl
Area 1 0.875**  -0.298** 0.340** 0.780** -0.418** 0.523**
Rmax 1 -0.641**  0.045 0.971**  -0.697** 0.583**
Emax 1 0.356** -0.704**  0.961**  -0.069
ERrmax 1 -0.160* 0.085  0.463**
Ei 1 -0.703**  .0305
Eaifr 1 -0.307
WA 0.17 0.006 0.217 0.234 -0.185 0.127* -0.103
DDT 0.279 0.342* -0.17 0.035 0.333* -0.212 0.346
DS 0.258 0.26 -0.079 -0.014 0.27 -0.084 0.338
MTI -0.275 -0.267 0.011 -0.046 -0.255 -0.099  -0.383*
BT 0.29 0.333* -0.145 0.005 0.343* 0.178 0.383*

Area=area under the curve (g.mm), Rmax=dough strength (g), Emax= dough extensibility (mm), Ermax=
dough extensibility at Rmax (mm), E;= intial slope of extensibility curve (g/mm), Editt = Emax-Ermax (mm), Gl
= gluten index (%), WA=water absorption (14% moisture basis), DDT=dough development time (minutes),
DS=dough stability (minutes), MTI=mixing tolerance index (BU), and BT= breakdown time (minutes).

** and * level of significance of 0.01 and 0.05, respectively (two-tailed).
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Table 24. Comparison of dough extensibility among different samples and the treatments.

Area Rmax Emax Ermax Ei Edifr
(g.mm) (9) (mm) (mm)  (g/mm)  (mm)

Cultivars

Advance 876.58a  24.96¢ 51.47a 22.75a 0.88c  28.722a

Prevail 831.32b 28.82ab  42.29c 19.36d 1.18a  22.94c

Select 854.56ab  27.85b 46.47b  20.03cd 1.11b  26.45ab

Brick 870.42a  29.03a  44.27bc  20.92b 1.14ab  23.35c

Forefront 774.46c  23.91d 46.42b 20.46b 0.94c  25.96b
Treatments

Control 690.05d  15.59d 57.59 21.41a 0.49d 36.18a

(WWF)

Water 744.66b  24.08c 43.78b 20.21b 0.94c  23.57b

Ethanol 50% | 1026.32a 36.23a  42.08bc 20.73ab  1.29b  21.35c

Ethanol 904.84b  31.75b 41.29c 20.46b 1.49a  20.84c

100%

Values followed by the same letter on same column are not significantly different (p<0.05).

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour

incorporated with bran treated with water, ethanol 50% = flour incorporated with bran treated with 50%
ethanol, ethanol 100% =flour incorporated with bran treated with 100% ethanol, Area=area under the curve
(g.mm), Rmax=dough strength (g), Emax= dough extensibility (mm), Ermax= dough extensibility at Rmax
(mm), E;= intial slope of extensibility curve (g/mm), and Egitt = Emax-Ermax (MM).
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Table 25. Extensibility test of ground whole wheat flour and flour incorporated with the treated bran using Kieffer dough and gluten
extensibility Rig.

Area

Rmax

Emax

ERrmax

Ei

Euifr

Cultivars Treatments (g.mm) S.D. © S.D. (mm) S.D. (mm) S.D. (g/mm) S.D. (mm) SD. N
Advance | Ethanol 50% 1157.3 674  37.04 343 4469 441 22.9 1.08 1.38 016 218 439 10
Ethanol 100% 826.05 84.35 2465 202 47.06 4.26 22.12 1.00 0.88 008 249 436 10
Water 628.73 3292 1864 225 52.3 111 20.53 297 0.67 0.2 31.8 9.67 10
Control (WWF) 89422 67.17 1953 123 6184 7.03 25.45 4.27 0.58 0.15 36.4 554 10
Prevail Ethanol 50% 1220.8 87.78 468 246 398 49 21.37 1.69 1.95 021 184 514 10
Ethanol 100% 689.85 3539 2495 131 3961 1.19 18.03 0.94 1.09 011 216 147 10
Water 825.98 72.88 28 091 40.65 4.01 20.18 1.45 112 008 205 348 10
Control (WWF) 588.59  59.17 1551 1.13 49.15 585 17.84 2.16 0.58 0.11 31.3 578 10
Select Ethanol 50% 982.95 72.86 36.92 40 3749 361 20.4 1.24 1.55 025 171 386 10
Ethanol 100% 1116.8 100.0 36.89 2.73 4586 4.51 22.11 1.98 1.44 0.21 23.8 395 10
Water 76794 3153 2571 122 4151 3.86 18.82 1.01 1.08 0.11 22.7 311 10
Control (WWF) 550.54 62.13 1188 0.85 61.01 10 18.77 141 0.35 0.05 42.2 101 10
Brick Ethanol 50% 860.68 74.23 3052 407 4338 545 19.12 0.78 1.32 024 243 552 10
Ethanol 100% 1088.1 56.78 4359 298 3523 246 21.62 0.99 1.77 0.14 13.6 288 10
Water 7279 4997 2410 179 4078 3.85 20.43 1.52 0.92 011 203 336 10
Control (WWF) 80499 1189 1791 243 5769 7.97 22.53 2.16 0.57 0.15 35.2 756 10
Forefront | Ethanol 50% 909.84 5762 2985 168 4506 3.94 19.88 1.61 1.24 0.13 25.2 457 10
Ethanol 100% 803.37 2289 2869 133 3873 356 18.41 0.89 1.27 011 203 359 10
Water 77274  60.19 2397 193 4367 256 21.11 1.95 0.89 0.14 22.6 315 10
Control (WWF) | 611.89 5099 1313 105 5823 3.76 22.44 2.82 0.36 008 358 355 10

Control (WWF) = whole wheat flour obtained from the direct milling of whole wheat, water=flour incorporated with bran treated with water, ethanol
50% = flour incorporated with bran treated with 50% ethanol, ethanol 100% = flour incorporated with bran treated with 100% ethanol, Area=area under
the curve (g.mm), Rmax=dough strength (g), Emax= dough extensibility (mm), Ermax= dough extensibility at Rmax (mm), Ei= initial slope of extensibility
curve (g/mm), Editt = Emax-Ermax (Mm), and S.D.= standard deviation.
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Figure 12. SMS Kieffer Dough and gluten extensibility rig.
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4.8. One dimensional extensibility of tortilla

Table 26 provides the overall result of one dimensional extensibility of tortilla.
This test was performed using Tortilla/Pastry burst rig attached to Texture Analyzer
TA.XT.plus. The objective of this test was to study the textural properties of whole wheat
tortilla. The three parameters determined from this test were deformation modulus (ratio
of rupture force and distance taken at the linear region of the curve), rupture force (force
required to rupture the tortilla) and the rupture distance (distance up to which the tortilla

extends before breaking).

Rupture distance and rupture force:

Rupture force and the rupture distance was significantly lower for control
(WWEF). There were no significant differences among the three bran treatments in terms
of both the rupture distance and the rupture force. A high force required to rupture the
tortilla indicates higher stretchability of tortilla. Similarly, stretchability of tortilla
increases with rupture distance (Mao & Flores, 2001; L. Wang & Flores, 1999). This
suggested that the tortilla made from flour incorporated with the treated bran had higher
stretchability than control (WWF). The flour incorporated with bran treated with 50%
and 100% ethanol, had the higher dough strength as represented by the higher Rmax value.
So, tortilla made from flour incorporated with ethanol treated bran might have higher

stretchability as represented by higher rupture distance and the rupture force.

Deformation modulus:
Elasticity is the ability of tortilla to return to its original form after the force is

removed. In the case of tortilla, elasticity is expressed by Young’s modulus (also referred
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as deformation modulus) or gradient and is calculated as the slope of the initial straight
line portion of the force in Newton kilograms. Thus, a lower gradient indicates more
elasticity of tortilla (Prasopsunwattana, et al., 2009). Control (WWF) had significantly
lower gradient. This suggested tortilla made from control (WWF) had significantly

higher elasticity, compared to the treatments, water and ethanol.

Deformation modulus, rupture distance and maximum force all are related to
tortilla extensibility or stretchability. Comparatively, greater force was needed to break
the tortilla made from flour incorporated with the treated bran. This may be because of
the higher dough strength (Rmax) of flour incorporated with treated brans. The lower the
deformation modulus, the higher the tortilla elasticity. Overall, treatments had significant
effect on rupture distance and rupture force compared to control. This suggested that
treated tortilla were good in relation to stretchability whereas control (WWF) was found

to be good in terms of elasticity.



Table 26. One dimensional extensibility of tortilla.
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Treatments Maximum force Rupture distance Deformation
(N) (mm) modulus (N/mm)
Control (WWF) 11.317+2.33° 18.09+1.59° 0.62+0.088°
Water 14.49+0.55° 20.33+0.57° 0.71%0.045°
Ethanol 50% 14.17+0.54° 19.66+0.53% 0.72+0.009°
Ethanol 100% 15.11+0.072 20.51+0.83? 0.737+0.028?

Values followed by the same letter in the same column are not significantly different (p<0.05).

Control (WWF) = tortilla made from the whole wheat flour obtained from the direct milling of whole
wheat, Water=tortilla made from the flour incorporated with bran treated with water, ethanol 50% = tortilla
made from the flour incorporated with bran treated with 50% ethanol, and ethanol 100% = tortilla made
from the flour incorporated with bran treated with 100% ethanol.
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Figure 13. Tortilla fitted on the Tortilla burst rig of the Texture Analyzer TA.XT.plus.
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4.9. Color measurement of tortilla
There was no significant differences in whole wheat tortilla colors in terms of
brightness (L*) among control (WWF) and tortilla made from the flour incorporated with

the treated bran with water and 50% ethanol.

Yellowness value (b*) for the tortilla made from the control (WWF) and tortilla
made from the flour incorporated with the treated bran with water and 50% ethanol, were
higher (15.82, 15.16 and 15.22, respectively). Tortilla made from the flour incorporated
with 100% ethanol treated bran was the lowest (13.09). Bran treated with 100% ethanol
was found to have lower b* suggesting the removal of more yellow pigments from the
bran. That was why tortilla made from flour incorporated with 100% ethanol treated bran
had lower yellowness (b*). However, there was no significant differences among all the
samples in terms of redness (a*). This suggested that only 100% ethanol had effect on

tortilla colors in terms of yellowness (b*).
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Table 27. Comparison of tortilla colors.

Treatments L* a* b*

Control (WWF) 59.38a 6.13a 15.82a
Water 60.15a 5.34a 15.16a
Ethanol 50% 58.59ab 5.74a 15.22a
Ethanol 100% 54.97b 5.92a 13.09b

Values followed by the same letter in the same column are not significantly different (p<0.05).

Control (WWF) = tortilla made from the whole wheat flour obtained from the direct milling of whole
wheat, Water=tortilla made from the flour incorporated with bran treated with water, ethanol 50% = tortilla
made from the flour incorporated with bran treated with 50% ethanol, and ethanol 100% = tortilla made
from the flour incorporated with bran treated with 100% ethanol.
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4.10. Sensory analysis of whole wheat flour tortilla

The scoring scale for the sensory evaluation was ranged from 1 to 5 with 5 being
the highest and 1 being the lowest score. Sensory analysis was performed in duplicate.
Table 28 showed the overall sensory evaluation of tortilla. Participants found no
difference among tortilla made from control (WWF) and tortilla made from the flour

incorporated with the treated bran with water, 50% ethanol and 100% ethanol.

The means of treatments had no effect on sensory attributes and they were similar
to control (WWF). This suggested that though ethanol had significant effect on dough
rheological properties and tortilla stretchability, the sensory attributes of tortilla were not

changed and were similar to the tortilla made from control (WWF).

Factors responsible for flavor and texture formation helps to improve the sensory
attributes of cereal products containing whole grain or bran. White wheat flour provides
less flavor to bread than whole grain wheat flour. This is due to the higher amount of
volatile compounds and amino acids present in WWF (Heinid, et al., 2016). In D Zhang
and Moore (1999) study, soft white wheat bran bread was more preferred by test panelists
over hard red spring wheat bran bread. White flour are lighter in color than whole grain

products which may not be appealing for consumers.



Table 28. Mean sensory evaluation scores of Prevail whole wheat tortilla.

Parameters Control (WWF)  Water  Ethanol 50%  Ethanol 100%
Appearance 4.16a 3.75a 4.00a 3.83a
Aroma 3.58a 3.66a 3.66a 3.83a
Taste 4.00a 3.75a 3.83a 4.00a
Texture 3.66a 3.42a 3.92a 4.08a
Overall 3.92a 3.58a 3.83a 4.08a

Values followed by the same letter in the same row are not significantly different (p<0.05).

Control (WWF) = tortilla made from the whole wheat flour obtained from the direct milling of whole
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wheat, Water=tortilla made from the flour incorporated with bran treated with water, ethanol 50% = tortilla

made from the flour incorporated with bran treated with 50% ethanol, and ethanol 100% = tortilla made

from the flour incorporated with bran treated with 100% ethanol.
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Figure 14. Sensory analysis of tortilla.
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Figure 15. Wheat bran treatment with 100% ethanol, 50% ethanol and water from left.

DOUGHPRO

Figure 16. Tortilla making using Dough-Pro.
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Figure 17. Tortilla cooking in a pan at 150°C.
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CHAPTER 5 CONCLUSION AND FUTURE WORK

5.1. Conclusions

The overall objective of this study was to understand the rheological and sensory
changes of the flour incorporated with bran that was treated with water, ethanol at 50%
and ethanol at 100% concentration. Wheat bran has been processed into ethanol using
fermentative yeasts (Favaro, et al., 2012) but its treatment with solvent is limited. Ethanol
is selective in removing pigments, oils, proteins, and other color producing constituents
in agricultural materials. This research was done to determine whether bran treatment
with ethanol will bring about desirable changes in the color, dough rheological properties

and sensory characteristics of 100% whole wheat flour.

Nowadays wheat has been fortified with various other grains like soybean, rye
and oat to increase its nutritional benefits. Studies on fortification of bread with hulls and
cotyledon fibers isolated from peas, lentils and chickpeas has also been done (Dalgetty &
Baik, 2006). Wheat is the richest source of dietary fiber, protein and carbohydrates.
However, whole wheat products are dark in color, have undesirable flavor and show
reduced dough rheological properties owing to the inclusion of bran. This research we
attempted to improve the color, flavor and rheological properties of whole wheat
products by modifying the wheat bran. Whole wheat tortilla was developed and

evaluated using accepted quality evaluation tests.

In this study, five different HRSW cultivars (Advance, Prevail, Select, Brick and
Forefront) from South Dakota were collected. They were tempered and milled. White

flour and bran were separated by milling. White flour was stored in the refrigerator until
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use. Wheat bran was ground to fine particles using Restch mill and washed with water,
50% ethanol and 100% ethanol. After that, the treated bran was dried using a freeze
dryer. The dried bran was reintroduced into the respective patent flour (15%) to make
100% WWEF. Color measurement using Minolta spectrophotometer, proximate analysis,
Farinograph analysis and dough extensibility were carried out. Gluten quality in terms of
Gl was also measured on patent white flour from the five wheat cultivars using
Glutomatic system. Flour from one cultivar was used to make tortilla. Color
measurement, one dimensional extensibility and sensory analysis were performed on the

finished food product, namely, tortilla.

Bran washed with 50% ethanol had significantly higher lightness (L*) and lower
redness (a*). Brick and Advance flour had significantly higher GI of 99.03% and
98.75%, respectively. DDT was significantly positively correlated to DS (r=0.592) and
BT (r=0.733) at p<0.01. DDT and DS were also related to GI with r value of 0.346 and
0.338, respectively. MTI was negatively correlated to DS (r=-0.836), BT (r=-0.806) and
Gl (r=-0.383). Among the five cultivars, Brick was found to be superior in Farinograph
data in relation to DDT, DS, BT, and MT]I. Of the four bran treatments used, washing the
wheat bran with 50% ethanol resulted in higher DDT, BT, Rmax, Ermax, and lower MTI
compared to the control (WWF). Rmax Was negatively correlated to Emax (-0.641) and Eqift
(r=-0.697) while positively correlated to area under the curve (r=0.875), Ei (r= 0.971) and
Gl (r=0.83). Similarly, area and E; were negatively correlated to Emax with r value of -
0.298 and -0.704, respectively. Cultivars Brick and Prevail had significantly higher
Rmax/Ei while cultivars Advance and Forefront had the lowest. WWF had significantly

higher Emax and lower area under the curve. The flour incorporated with 50% and 100%
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ethanol treated bran had significantly lower Emax. Area under the curve was high only for
flour with 50% ethanol treated bran. Ermax for Advance cultivar was significantly high
while Prevail/Select had significantly lower Ermax. Overall, Brick and Prevail cultivars
were superior in terms of dough extensibility. Results from the one dimensional
extensibility of tortilla experiment indicated that the tortilla made from the incorporation
of treated bran with ethanol at 50% and 100% strength was good in terms of stretchability
since they had significantly high rupture force and rupture distance, in compared to the
control. However, control (WWF) was good only in the term of elasticity as expressed by
low deformation modulus (Ei). No significant effect of treatments on tortilla colors and

sensory attributes were found.

Higher DDT, DS, BT, and lower MT] are the desirable characteristics for good
quality dough. Rmax and Emax are inversely related. Greater Rmax determines the dough
strength and Emax determines the overall extensibility of the dough. Both of these are also
the desirable characteristics of the dough for baking. A high force required to rupture the
tortilla indicates higher stretchability of tortilla. Stretchability of tortilla increases with
the rupture distance and the rupture force whereas, the elasticity increases with low

deformation modulus.

The overall experiment was a completely randomized design with two factors
(cultivar and treatments). Though bran treatment with ethanol did not have any
significant effect on sensory attributes and color of tortilla, it had significant effect on
Farinograph parameters and dough extensibility. A 50% ethanol solution was found to be
more effective in selectively removing fat than a 100% ethanol solution. The polarity

index of water, 50% ethanol, and 100% ethanol is 9, 7.1 and 5.2, respectively. The
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polarity index increases with polarity (Tang, et al., 2005). Polarity is highly related with
solubility since polar molecules are soluble in polar solvent while non-polar molecules
are soluble in non-polar solvent. A 50% ethanol solution has ethanol and water in equal
proportion. When wheat bran was soaked in 50% ethanol solution, bran absorbed water
and it was swollen completely thereby increasing the surface area. But in the case of
100% ethanol solution, bran could not be readily hydrated. This is why, ethanol at 50%
strength might have been more effective in removing the color pigments and fat than

ethanol at 100% strength.

5.2. Future work and recommendations

The purpose of the project was to improve the dough rheology by bran treatment
with ethanol. Here ethanol and water treatment was compared to control (whole wheat
flour). 1t would be interesting to compare ethanol treatment with more advance technique

like supercritical fluid extraction (SFE).

The ethanol treatment had effect on Farinograph parameters. But the study on
what was exactly removed by ethanol was not done. So, it would be interesting to know

what was removed by ethanol 50%, ethanol 100% and water.

Hard red spring wheat (HRSW) from SD were used for the study. Differences
among the cultivars were observed. HRSW would have been compared to hard red winter
wheat (HRWW).Only sensory attributes of tortilla was studied. It would be good to study

the storage stability of tortilla.
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