Modification of rice flour from four
selected traditional paddy varieties for
fortification of bread loaf

Colombage Maheshika Peries

M.Phil. 2016



Modification of rice flour from four selected traditional paddy

varieties for fortification of bread loaf

by

Colombage Maheshika Peries

Thesis submitted to the University of Sri Jayewardénepur‘a
for the award of the Degree of Master of Philosophy in Food

Science and Technology on 1 of July 2016.



| DECLARATION

The work described in this thesis was carried out by me under the supervision of
Prof. K. B. Wijesekara (Department of Science & Technology, Uva Wellassa
University) and Prof. S. B. Navarathne (Department of Food Science & Technology,
University of Sri Jayewardenepura) and a report on this has not been submitted in whole

= or in part to any university for any other Degree/Diploma.

. @‘:”“/ ............ 201%.08. 9%

Ms. C.M. Peries Date




CERTIFICATION OF SUPERVISORS

We certify that the candidate has incorporated all corrections, additions and

amendments recommended by the examiners.

vh 03"
; _ \0
Prof. K. B.;: W‘::‘. &Technology Prof. S. B. Navarathne

Head Vst «z . Professor

Department of Science & Technology ‘ Department of Food Science & Technology
Uva Wellassa University University of Sri Jayewardenepura

Badulla. . Nugegoda



TABLE OF CONTENTS

TABLE OF CONTENTS ...t i
LIST OF TABLES ... oottt bbbt sneas Vi
LIST OF FIGURES ... .ottt Vil
LIST OF PLATES ..ottt ettt et e e nneas IX
LIST OF ABREVIATIONS ...t X
ACKNOWLEDGEMENT ..ot Xi
ABSTRACT et Xii
CHAPTER O ...ttt ettt ettt e et e b e e bn e et e e nnneenes 1
L INTRODUCTION. ...ttt ettt b et e et sneeenees 1
1.1 OVEINVIEW OF FESBAICTI ..ottt bbb 1
1.2 ODJECTIVES ...ttt bbbttt bbbt 5
1.2.1 Broad ODJECHIVE ....c.veiuieiei ettt ettt ae e sre e esne e e 5
1.2.2 SPECITIC ODJECLIVES ..ottt 5
CHAPTER D2 ...t ettt b e e re e e nns 6
LITERATURE REVIEW ...t 6
2.1 RUICE .ttt bbbttt e bbb 6
2.1.1 INtrOAUCLION TO TICE ...vieeeiiiiieeieiet ettt 6
2.1.2 Cultivated rice varieties in Sri Lanka ..........cccocooeriiiiniiiiicceee e 6
2.1.3 Traditional rice varieties in Sri Lanka ..........ccccooviiiiiininiiieeeee s 7
2.1.4 Rice production and CONSUMPLION .........cccveiuiiiiieeie e 9
2.1.4.1 World rice production and CONSUMPLION ........ccveveriirerenininieiese e 9
2.1.4.ii Rice production and consumption in Sri Lanka ...........cccceovveiiiinenciennnn. 10

2.1.5 Chemical composition of rice flour ..o 12
2.1.6 Rice flour and rice based f00d ProduCtS ...........cccooeiiiininiiiece e 13

2.2. Wheat flour and bakery industry in Sri Lanka............cccccoceviiieiieie e, 15
2.2.1. Introduction t0 WHeat FlOUN ..ot 15
2.2.2. Composition of the Wheat fIOU ..o 15
2.2.3. Problems of wheat flour in bakery industry ...........ccccoooieiiiiiicie e 16
2.2.4 Conventional methods to reduce wheat flour usage in bakery industry............... 18



2.2.4.1 Gluten- free bakery ProdUCES ..........coceiiiiiieieic s 18

2.2.4.11. Application of composite flour for bakery products............ccccceoereiciirnnne. 20
2.3. Modification of Flour/ StArch ... 23
2.3.1 Functional properties of flour/Starch ... 23
2.3.2 Application of flour/ starch modification in food industry...........cccccceevverirnnnnne. 24
2.3.2.1 Enzymatic modifiCatioN ...........cocoiiiiiiiiiieice s 25
2.3.2.1i Chemical MOdifiCatioNn............cccoiiiiiieiiiiicc e 26
2.3.2.1ii Physical modifiCation ...........ccccveviiiiiircie e 27
2.3.2.iv DUal MOITICALION .....cveviiiiiiceisee e 29
2.4, Selection of flour modification MethodsS.....ccevuviiiiiiiiiiiiiiiiiiiiiiinininenen 30
CHAPTER O3 ..ttt b e r e eaneennee s 34
MATERIALS AND METHODS ...t 34
3.1 Raw material collection and sample preparation...........c.ccocovvvieieienencnienisenenns 34
3.1.1 Raw material CONECTION .......ccooiiiiieiiiiee e 34
3.1.2 SamPIe Preparation ...........ccooeeeieienerie e 34
3.1.2.1 Preparation Of 1Ce GraiNS .........ccccuiiriiieieieiesie et 34
3.1.2.11 Preparation Of riCe FIOUN ... 34

3.2 Determination of physical, chemical and cooking properties of selected
TraditioNal FiCE VANTETIES ........coiiiiieie e 35
3.2.1 Determination of grain length, breadth and length/breadth ratio (L/B ratio) ....... 35
3.2.2 Determination of Pericarp COlOUN..........ccvoviiiiiiiie i 35
3.2.3 Determination of amyl0Se CONTENT...........coiririeiiiieier s 35
3.2.4 Determination of alkali spreading value and gelatinization temperature ............. 36
3.2.5 Determination of gel CONSISENCY .......coiiiiiiiiiiiie s 36
3.2.6 Determination of coOKING tIME.........ccoiiiiiiiiie e 36
3.2.7 Determination of elongation ratio.............ccccvveviiiieiicie e 36
3.2.8 Determination of volume expansion ratio ...........ccocovereiinininieiene s 36
3.2.9 Determination of water uptake ratio..........ccccevveiiiiiie e 37
3.2.10 Proximate analysis Of MCE graiNS ........c.cuviriririeieiese st 37
3.2.10.i Determination Of MOIStUrE CONTENT .........cceiveiiiiiiiiiceeee s 37
3.2.10.ii Determination of crude protein CONENT..........cccovvriririeiee e 37



3.2.10.iii Determination Of crude fat CONTENT.........veeeeeeeeeeeeeeeeeeeeeeees 37

3.2.10.iv Determination 0f @Sh CONTENT .........ueeeeeeeeeeeeeeeeeeeeeeeeeeeeeaenees 37
3.2.10.v Determination of crude fiber content..........ooeeeeeiiiieei i, 38
3.2.10.vi Determination of carbohydrates............cccoveiieiicic i 38

3.3 Application of modification methods to the selected traditional rice grains ....... 38
3.3.1 Modification of rice flour using dehydration followed by hot water soaking......38
3.3.2 Modification of rice flour through gelatinization followed by cold water soaking39
3.3.3 Madification of rice flour using freezing and hot water soaking .............cccccoeue... 40

3.3.4 Modification of rice flour using sodium bicarbonate solution and dehydration ..40

3.3.5 Madification of flour using phosphoric acid solution and dehydration ............... 41
3.4 Analysis of the functional properties of native and modified rice flour............... 41
3.4.1 Determination of water absorption index (WAI) and water solubility (WS) of the
FICE FlOUN ...ttt sb bbb nie s 42
3.4.2 Determination of swelling POWEr (SP) .......coiveiiiiiiie e 42
3.4.3 Determination OF PH ..o s 43
3.4.4 Determination of bulk density (BD) ........ccccciveiiiieiie e 43
3.4.5 Selection of the most effective treatment for rice flour modification and the most
suitable flour type for the product development...........cccocvevveieiieiinie e 43
3.5 Fortification of modified rice flour for development of bakery product............. 44
3.5.1 Development of flour blend for the fortification of bakery product..................... 44
3.5.2 Determination of the Leavening Index for different flour combinations ............. 44
3.5.3 Development of bread using different flour combinations................c.ccccoeveviennns 45
3.5.4 Evaluation of physical properties of bread samples ...........cccccevevieiiiic i, 46
3.5.4.i Determination of 1oaf Weight ... 46
3.5.4.1i Determination of 10af VOIUME. ..o 46
3.5.4.iii Determination of loaf specific VOIUME ... 46

3.5.5 Selection of most preferable composite bread based on the sensory analysis......46

3.6 Analysis of selected composite bread properties against 100 % wheat flour
o] == o N o1 o] o] 1 =TS 47

3.6.1 Proximate analysis of the selected bread sample against wheat flour bread ........ 47

3.6.2 Analysis of dough properties of the selected composite flour blend against 100%
WREAL TIOUN ...ttt e sre e teeneenneenne s 47



3.6.2.1 Determination of wet gluten and dry gluten content ..o, 47
3.6.2.11 Determination of falling NUMDE ... 48
3.6.3 Microbiological analysis of the selected bread sample against wheat flour bread48

3.6.4 Analysis of staling effect of the selected bread sample against wheat flour bread48

3.6.5 Cost Analysis of the selected bread sample against wheat flour bread ................ 48
CHAPTER D4 ...ttt sttt et e e b e e be e sae e e beesnne s 49
4. RESULTS AND DISCUSSION .....ooiiiiiiiiieiie e 49

4.1 Raw materials selection and preparation for the flour modification.................... 49
4.1.1 Selection Of raw MALEIIALS ........ccoiiiiiiiiieee s 49
4.1.2 Preparation of raw MaterialS..........cccccveviiieiieii e 49

4.2 Analysis of physical, chemical and cooking properties of the selected traditional

FICE VATTETIES ...ttt bbbttt bbb n e 50

4.2.1 Grain length, breadth and length/breadth ratio (L/B ratio)...........ccccevevvnirvrnnnn. 50

4.2.2 PEIICAID COIOUN ....uviiiiiiieie ettt ste et e e sse e teennesneesreenneas 51

4.2.3 AMYI0SE CONTENT (AC) ...t 52

4.2.4 Alkali spreading value and gelatinization temperature (GT) .....cccoocevirininvnenn. 53

4.2.5 Gel CONSISLENCY (GS) .vviviiiiiiiieiie ettt re e sre e 55

4.2.6 Cooking properties of selected traditional rice varieties ............ccccoceveveninennnn 55

4.2.6.1 COOKING TIME....cuiiiiiciiiiece ettt enre e 55
4.2.6.1i Volume expansion ratio (VER) ........ccoiiiiiiiiiiccceee e 56
4.2.6.111 EIONGALION TALIO ...oveiiiiiice s 58
4.2.6.1V Water UPLAKE ati0.......ccveviieiiiiiieiiisieeieee et 59

4.2.7 Proximate analysis of unpolished and polished rice grains ...........cccoceverivervennns 59

4.3 Analysis of functional properties of modified and unmodified rice flour from the

selected traditional rice varieties after different modifications ..............c.ccoceeeeinenen. 61

4.3.1.i Water Absorption INdeX (WAL .....coveoeiiiieie e 61
4.3.1.11 Water SOIUDIlIty (WS 90) .......covoiiiiiiiireeie e 67
4.3.1.111 SWellING POWET (SP)...cciiiiiiecie ittt 71
A.3.10V PH et 76
4.3.1.V BUIK DENSILY ...ttt 79
4.3.2 Selection of the most effective rice flour modification method and the most
suitable flour type for bread loaf development..........cccovvveiieieiieii e 83

iv



4.4 Development of bread loaf incorporating the selected modified rice flour ........ 83

4.4.1 Leavening Index of different flour combinations...........cccccceevveveiiciiicvie e, 83
4.4.2 Physical properties of developed breads...........ccoocevveiiiviiieiicie e 85
4.4.2.1 Morphological appearance of developed breads ...........cccceoeverenciiininnnn. 85
4.4.2.11 Loaf weight, loaf volume and specific VOlumMe............cccceveieiiiciciiiee 86
4.4.3 Sensory properties of the developed breads ... 88

4.5 Analysis of the selected composite bread properties against 100 % wheat flour
T g=T= ol o1 o] o] =TSSR 91
4.5.1 ProXimate COMPOSITION .......ceieeiiiieiieie e e et e e ste e e sreesnesneesreeee s 91
4.5.2 Dough properties (wet and dry gluten, falling number) ...........ccoooiiiiiinnnn. 93
4.5.3 Microbial @nalySiS..........ccviieiiiiiiie i 95
4.5.4 StAlliNg EFFECT......ccuiiiii s 96
4.5.5 COSE ANAIYSIS ...cuveeriiiiieieiee ettt nreene s 97
CHAPTER 05 ..ttt 100
5. CONCLUSION AND FUTURE PERSPECTIVES ..o 100
5.1 CONCIUSIONS ...ttt bbbt e bbb 100
5.2 FULUIE PEISPECLIVES ...ocvviiicie ettt ettt te e re e te e nneenas 101
REFERENQGES ... ..ottt sttt et s e e beesnne s 102

e e N 3 |



LIST OF TABLES

Table 3.1. Categorization Of iCe Grains.........c.ouvvriiiniiriiriri ettt eieeeereeenn, 35
Table 3.2. Composition of Flour Blend...............c.ooiiiiiiiii e, 44
Table 3.3. Ingredients used for the preparation of bread dough............................. 45
Table 4.1. Grain Length, Breadth, L/B ratio of traditional paddy varieties............... 50
Table 4.2. The percentage amylose content of selected traditional rice cultivars.........52
Table 4.3. Alkali spreading value and Gelatinization Temperature (GT)................. 54
Table 4.4. Gel Consistency (GS) of selected traditional rice cultivars..................... 55

Table 4.5. Proximate analysis of unpolished rice grains of selected traditional rice
VAN B S . Lttt 60

Table 4.6. Proximate analysis of polished rice grains of selected traditional rice
1722 L 13 =L 60

Table 4.7. Leavening Index (LI) of different flour combinations........................... 84

Table 4.8. Loaf weight, Loaf volume and Specific volume of the developed bread from
different flour COMDINALIONS. ... ..ot e, 87

Table 4.9. Proximate analysis of selected composite bread sample (60% wheat flour +

40% modified rice flour) against wheat flour bread........................l 92
Table 4.10. Wet gluten, dry gluten and falling number of composite bread and 100%

wheat flour bread....... ..o 93
Table 4.11. Cost analysis of selected composite bread and wheat flour bread............ 98

Vi



LIST OF FIGURES

Figure 2.1. Chemical structure of amylose.............cooiiiiiiiiii e, 12
Figure 2.2. Chemical structure of Amylopectin................ooooiiiiiiiiiiiii i, 13

Figure 4.1. Cooking time of unpolished and polished grains from selected traditional
oz g 1= =S URTRP 56

Figure 4.2. Volume expansion ratio of unpolished and polished grains from selected
traditional FiCE VAITEtIES. .. . ue ettt e e, 57

Figure 4.3. Elongation ratio of unpolished and polished grains from selected traditional
ST (18 (o RPN 58

Figure 4.4. Water Uptake ratio of unpolished and polished grains from selected
traditional rice
Vo1 1] = PSPPI 59

Figure 4.5a. Water Absorption Index of modified rice flour in four different treatments
(MOGITICATION 1) L.utt ittt e aeaes 63

Figure 4.5b. Water Absorption Index of modified rice flour in four different treatments
(MOGITICALION 2). .. et e e, 63

Figure 4.5c. Water Absorption Index of modified rice flour in four different treatments
(MOGITICALION B) .ot e 64

Figure. 4.5d. Water Absorption Index of modified rice flour in four different treatments
(MOGITICALION 4) .o e 64

Figure. 4.5e. Water Absorption Index of modified rice flour in four different treatments
(MOIFICAEION 5) ...ttt e e 65

Figure 4.6a. Water Solubility of modified rice flour in four different treatments
(MOGITICALION 1) .ottt 68

Figure 4.6b. Water Solubility of modified rice flour in four different treatments
(MOIFICAEION 2)... et e e e e 68

Figure 4.6¢. Water Solubility of modified rice flour in four different treatments
(MOGITICALION 3.ttt e 69

Figure. 4.6d. Water Solubility of modified rice flour in four different treatments
(MOAIFICALION 4). ..ttt e e 69

Figure. 4.6e. Water Solubility of modified rice flour in four different treatments
(MOQITICALION 5). ..t 70

Figure 4.7a. Swelling power of modified rice flour in four different treatments
(MOGITICALION 1) ..ttt 72

vii



Figure 4.7b. Swelling power of modified rice flour in four different treatments
(MOGITICALION 2). ..t e e e 72

Figure 4.7c. Swelling power of modified rice flour in four different treatments
(MOAIFICALION 3. .ttt e e e et 73

Figure. 4.7d. Swelling power of modified rice flour in four different treatments
(MOGITICALION 4) ... e e e 73

Figure. 4.7e. Swelling power of modified rice flour in four different treatments
(MOAITICALION 5). .. 74

Figure 4.8a. pH of modified rice flour in four different treatments (Modification 1)... 76
Figure 4.8b. pH of modified rice flour in four different treatments (Modification 2)....77
Figure 4.8c. pH of modified rice flour in four different treatments (Modification 3)....77
Figure 4.8d. pH of modified rice flour in four different treatments (Modification 4)....78
Figure. 4.8e. pH of modified rice flour in four different treatments (Modification 5)...78

Figure 4.9a.Bulk density of modified rice flour in four different treatments
(MOGITICALION L) .ttt 80

Figure 4.9b. Bulk density of modified rice flour in four different treatments
(MOQITICALION 2) ..ot e e 80

Figure 4.9c. Bulk density of modified rice flour in four different treatments
(MOGITICALION B) ..ottt et e e 81

Figure. 4.9d. Bulk density of modified rice flour in four different treatments
(MOIFICAEION 4) ... e e e e e e 81

Figure. 4.9e. Bulk density of modified rice flour in four different treatments
(MOIFICAEION 5) 1.vni e e e 82

Figure 4.10 Sensory profile for developed breads using different proportions of wheat
flour and modified rice flour...........ooo i 89

Figure. 4.11 Bacterial count of the composite bread and wheat bread with the storage

L0 95
Figure 4.12 Yeast and mold count of the composite bread and wheat bread with the
storage
L1111 PP 96

viii



LIST OF PLATES

Plate 4.1. Unpolished Rice...... ..o, 51
Plate 4.2. POlISNEd RiCe......ccoouiriti i 51

Plate 4.3. External appearance of developed breads using different proportions of wheat
flour and modified rice flour......... ..o 85

Plate 4.4. Bread crumb appearance of developed breads using different proportions of
wheat flour and modified rice flour..............ooiiiii i 86



LIST OF ABBREVIATIONS

GDP - Gross Domestic Product
DP - Degree of polymerization
CD - Celiac disease

HPMC - Hydroxy propyl methylcellulose
CMC - Carboxymethylcellulose
L/B ratio - Length/ Breadth ratio

LS - Long Slender

LM - Long Medium

IB - Intermediate Bold

SB - Short Round

uv - Ultra Violet

GT - Gelatinization Temperature
WAI - Water Absorption Index
WS - Water Solubility

SP - Swelling Power

BD - Bulk Density

NA - Nutrient Agar

PDA - Potato Dextrose Agar
AC - Amylose Content

GS - Gel Consistency

VER - Volume Expansion Ratio
LI - Leavening Index



ACKNOWLEDGEMENTS

First and foremost, | wish to extend my sincere gratitude with a deep sense of respect, to
my supervisors. Prof. K. B. Wijesekara, Head, Department of Science & Technology,
Faculty of Science & Technology, Uva Wellassa University and Prof. S. B. Navaratne,
Professor, Department of Food Science & Technology, Faculty of Applied Sciences,
University of Sri Jayawardenepura for their valuable guidance, constructive criticism,

great encouragement and moral support to conduct my research to its best.

| gratefully acknowledge the funding source, University Grants Commission, Sri Lanka

that made my M.Phil work possible.

| must pay my gratitude to Uva Wellassa University for granting me the permission to

conduct my bench work at the laboratories of the Institute.

Very special thanks are extended to Mrs. Hemani Ratnayake, Manager, Quality
Assurance, Serandib flour mills, Colombo and Industrial Technological Institute for
their undying support for the laboratory analysis throughout this study. Further, I
express my heartiest thanks to Mr. Gurusinghe for his valuable support for providing

traditional rice varieties throughout my research period.

Finally, | offer my special vote of thanks with deep sense of love and respect to my
loving husband Dr. Amila Henagamage, my loving daughter Ms. Hirudini Henagamage

and my family members for their eternal encouragement, support and love.

Xi



Modification of rice flour from four selected traditional paddy

varieties for fortification of bread loaf

Colombage Maheshika Peries

ABSTRACT

At present traditional rice varieties are gaining recognition in Sri Lanka as a potential
raw material for new food products due to their high nutritional value and less
dependency on agrochemicals. Hence, traditional rice varieties ideal candidates in
promoting bakery industry since it is a potential alternative to substitute wheat flour.
However, utilization of rice flour in the bakery industry is limited due to the lack of
gluten in flour which is essential for maintaining the desired quality of the products.
Therefore, the scope of this study was to modify the rice flour of traditional paddy
varieties by adapting different physicochemical treatments with a view to improve
functional properties particularly for the sake of bakery products. Polished rice grains of
four traditional rice varieties namely Madatuwalu, Kaluhenati, Panchaperumal and
Rathdal were selected and were subjected to five different dual modification methods.
Functional properties of the treated rice flour such as, Water Solubility (WS), Swelling
Power (SP), Water Absorption Index (WAI), Bulk Density (BD) and pH of the
modified flour were determined. Rice flour of all four varieties without any treatment
served as the control. Different proportions of rice flour modified by dual modification
methods were combined with different proportions of commercial wheat flour to
fabricate most effective composite bread. All modifications showed significant effect (p
< 0.05) on different functional properties such as WAI, WS and SP, of flour types

obtained from selected traditional rice varieties. Out of all modifications, modification 4

xii



(dipping in NaHCOs solution followed by dehydration at 100°C) showed the highest
functional properties such as WAI, SP and WS for all of the traditional rice flour.
Further, treatment T4 in modification 4 (dipping in 1M NaHCOz solution for 1 hour
followed by dehydration for 2 hours at 100°C) was the best treatment for all the selected
traditional rice flour types. Madathawalu was the highest performing flour type for all
the functional properties (WAI, SP and WS) in treatment T4. Therefore, flour type 1
with treatment T4 was used to fabricate bread. Incorporation of modified rice flour
using the selected modification method in bread preparation caused significant
influence on bread volume and textural attributes. The results confirmed that the
composite bread developed by substituting 40% commercial wheat flour with modified
rice flour resulted in the similar sensory attributes to bread developed with 100%
commercial wheat flour. Thus, this study demonstrated that rice flour obtained from
Madathuwalu traditional rice variety could be an ideal candidate for the bakery industry
after changing the functional properties of rice flour through simple physiochemical

modification methods.

Key words: Traditional rice varieties, flour modification, functional properties,

composite flour bread
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