iy

M’)‘” W)l ! (el

s b JB

2L T -

lomeciSls  udlmodl 08 lomeudi oS Jub 15 lgiol uddl s 15

o 2_ 2T

loiol Gl alll @87 loiinlé laiiil Ju8 15 b & pST alll piud s

ooooo

(1)) sn i3 Colagi lay alll & 55 ool loso il asio

aslial) &) (Gaa

(11459 Aalaal) 5y g )



Dedication

To my beloved mother..
To my dear father..
To my sisters and brothers ..

To my beloved husband ..

| dedicate my work andl wish that ALLAH blesses all
of them.



Acknowledgments

The full praise and thanks be toAlmightyALLAHwho has given me
the health, strength and patience to complete this research.

My deep thanks, sincere gratitude and indebtedness are genuinely
expressed to my supervisorProf. Dr. Ahmed Elawad Elfaki, who has
provided continuous support, advice, patience, keen guidance and
encouragement throughout the course of this research.

Also | would like to express my deepest thanks to my co- supervisor Prof.
Dr. Yousif Fadlalla Hamad Elneil, who stood beside me and gave help and
support.

Special thanks for College of Agricultural Studies,Sudan University of

Science and Technology (SUST) for provisions of technical facilities.

| am grateful to Mr. Taj eldein Mustafa, technician at the Department of
Botany and Agricultural Biotechnology, Faculty of Agriculture, University of

Khartoum.

Thanks are extended to technical staff at The Research Laboratory, College of
Medical Laboratory Science (SUST).

Also iwould like to thank my sister and brothers for their unlimited financial

support.



ABSTRACT

Kissra is traditionally prepared by fermenting sorghum grain flour and then
baked it into bread sheets. In this study a total of 75 lactic acid bacteria (LAB)
and 19 of yeast isolates have been recovered from fermented kissra dough and
characterized at species strain level with molecular tools. RAPD analysis was
performed initially to cluster the isolates using two different primers R2 and
M13. Species identification was based on sequence analysis of 16S rRNA
gene. Nine clusters of LAB PCR products sequenced and subjected to
nucleotide BLAST. Three isolates (4%), (grouplL) showed 100% homology
towards Pediococcus acidilactic , and five isolates (6.7%), (group 9L) showed
100% homology towards Lactococcus lactis subsp. lactis strain SFL. Among
the rest of the 67 lactobacillus isolates, one isolate(1.6%), (group 2L) showed
100% homology towards L. murinus , also same percentage 1.6% (group 4L)
reported as L. casei strain IMAU70007,two isolates (2.9%), (group 5L)
showed 100 homology towards L. plantarum strain KLAB4. The same
percentage 2.9% (group 8L) were showed similarity 100% towards
L.fermentum. Four isolates (5.9%), (group 7L) showed 100 homolog
towardsL.casei strain SWU30436, 20.9% (14 isolates), (group 3L) were
showed similarity 100% towards L. plantarum strain 1.0557CGMCC, while
the majority of the isolates 64.2% (43 isolates), (group 6L) showed 100
homology towards L. plantarum strain CSI7. Phylogenetic analysis was
performed using software MEGA 6.0. For yeastThe 18S-28S ITS region was
amplified using the fluorescence labelled CY5-Y-ITS1 forward primer and
YITS4 reverse primer. By the ITS-PCR profiles, the isolates were divided
into two groups of yeasts. The blast sequence query showed that members of
groups 1Y and 3Y identity (100%) with the genomic DNA sequence of
Saccharomyces cerevisiae, while group 1C and 5C identity (100%) with the

genomic DNA sequence of Candida xylopsoci.



Proximate values of kissra from standard culture were compared with those of
kissra brought from the market.There were variable valuesin protein, fat, oil,
moisture, ash, carbohydrate and fibre contents of different types of kissra. All
minerals were significantly different (P <0.05) and invitro protein digestibility
was found higher in the control. On the other hand, tannins and polyphenols
were found low in the control compared to all other types of kissra. For phytic
acid, two types of standard kissra and the control showed no significant
difference. Sensory evaluation showed that the kissra which made from
standard culture, had the higher score in all quality attributescompared with

kissra from market.



gaidlal)

o2 (A A8E ) il d JSG e la Ha el LA 5l 5 )0l (380 j0edS (B sk (ge Ll 85l slac ) oy
Cibia gy 3 padall 3 sl dime (e Ale 195 Glll Gaea LS (e A 3e75 (adlAdul o3 4l Al
e pal &5 Al A sall 3 kall Adas) 5y A1 5 aall VLl Cata gy Ay dal) (5 all A g Jaddl YL
O 5 pladinly Cle saae JS3 (8 OV all Goa s Hued) £ 55 sl paeall il gdall Al
i i) ae ) 8l Al Jlas ddasd 50 (Myg) 5(R2) sl x et s (DNA)Dedad (o ¢ a0 (it
At e Jpandl a1 o)) e Caadl &5 rRNA)LES oeal) dikie A 555w ) (5553 (aeall
IS il Jdad el Camad s Jududiall 3l delsi o Gl Glaes Ly (e Sl sane
Pediococcus g %100 Gl dasi jelal (1L 4e sana)idl) 064 . sSIVI(BLAST)
Lactococcus lactis e %100 <ihai (9L e sens) (¥ je 4ued) %6.7 S acidilactici
(2L Ao sana) (32315 403e) %1.6 Of 2x5 LS (e e 76 (o (e .SUbsp. lactis strain SFL
%100 Gt el (AL Ao sans) 9616 Asmil) udi Ll 5. murinus g ik %100 &gkl
L. & %100 <alds (5L Ae sana) (0nilie) %2.9 L. casei strain IMAU70007
L.fermentum g= %100 <g2lis (8L 4e sens) %2.9 4uaill <3 plantarum strain KLAB4
14) %20.9 .L. casei strain SWU30436 @« %100 <ills (7L de gens) (@Y e 4) %5.9
<Yl dlel L L. plantarum strain 1.0557CGMCeas %100 Celis (3L de sans) (A e
ilaul 5o L. plantarum strain CSI7 a« %100 ki & jekal (6L A sane) (e 43) %64.2
a8 pleall dpally Wi, cualdl skl o il Jdai o) a) a3 (MEGA 6.0) (5 58SV geali yall aladiin)
(CY5) z siadl syl alhadins (a5 )2edl & 5550 (55580l aaall & 28S 5 18S ddhia #luiiu) o
I Y Hal) Jubuial) 3 el Jelii Jidas datis Crand | uSe e S (YITS4A) Dardls alal e S
&= %100 il (3Y) 5 (1Y) de sane o @ jelal (BLAST) (o8 <l gl ol daiii | (i gane
Gl ae %100 @i (5C) 5 (1C) e saae ekl Law Saccharomyces cerevisiae
8 msll dyy i)l & 5lae i Candida xylopsoci ¢ sl cpa s suell £ 55 @55l ()
ol sl ll) cilisSe 8 Aidlia ad clllia (3 sudl (e Dy gladdl Gl pe askl) (ald) o dxiadll
oY) 8 Agsiee iy i iy Adliad) B sl o) Y (o g Sl IV a3l gl
yae ) (A Lali Gedumaall Al 8 el Cong Cus o gingall Giigull 5 dpiaaall
Lall s Al @l 3,8l o Cle i sl | il (ameal dailly dpma el il & JH S @Y il
JS 8 Adle Gl o @edal Al @) 3 sl el oall 4yl 3y gime clig 8 25a s ade dgea sl

lall Jsl 553 sl e

Vi



List of Contents

Content PageNo.
ay) I
Dedication I
Acknowledgement Il
Abstract v
Arabic Abstract Vi
List of Contents VI
List of Tables XHI
List of Figures XV
CHAPTER ONE : 1
INTRODUCTION
CHAPTER TWO :
LITERATURE REVIEW
2.1 History of microorganisms in food 5
2.2 Predominant microorganisms in food 7
2.2.1 Bacteria 8
2.2.2 Yeasts and molds 9
2.2.3 Viruses 10
2.3 Important microorganisms in food 11
23.1 Important mold genera 11
2.3.2 Important yeast genera 12
2.3.3 Important viruses 13
2.3.4 Important bacterial genera 13
2.3.4.1 | Gram-positive cocci 14
2.3.4.2 | Gram-positive, non- sporulating regular rods 16
2.4 Lactic acid bacteria 16
2.5 Biotechnology and fermented foods 19
2.6 Sudanese fermented sorghum based foods 20

VI




2.6.1 Kissra flakes 23
2.6.2 Nutritive value of kissra 27
2.6.3 Types of kissra 27
2.7 Sorghum cultivars 29
2.8 Chemical composition of sorghum grain 31
2.8.1 Protein content 31
2.8.2 Carbohydrates content 32
2.8.3 Energy 32
2.9 Protein quality of sorghum grain 33
2.10 Anti -nutritional factors 33
2.10.1 | Tannin 34
2.10.2 Phytic acid 36
2.10.2.1 | Benefits of phytic acid 37
2.10.3 Polyphenols 39
2.10.3.1 | Types of polyphenols 39
2.10.3.2 | The role of polyphenols in plants and humans 40
211 Protein digestibility 40
2.12 Minerals 41
2.12.1 | Potassium 41
2.12.2 | Sodium 42
2.12.3 | Calcium 43
2124 Magnesium 44
2125 Phosphorus 45
2.12.6 Iron 45
2.12.7 | Zinc 46
2.12.8 Copper 47
2.13 Polymerase Chain Reaction (PCR) 48
2.14 Primers 49

Vil




CHAPTER THREE:

MATERIALS AND METHODS

3.1 Materials 50
3.2 Methods 50
3.2.1 Isolation of lactic acid bacteria (LAB) 50
3.2.2 Phenotypic characterization 50
3.2.3 Cell morphology 51
3.2.4 Catalase activity 51
3.2.5 Gram’s stain 51
3.2.6 Endospore stain 51
3.2.7 Oxidase test 52
3.2.8 Oxidation / fermentation (O/F) test 52
3.2.9 Motility test 52
3.2.10 Production of acid and /or gas (CO,) from glucose 52
3.3 Isolation of yeast 53
3.3.1 Subculture technique 53
34 Molecular characterization of the isolates 53
34.1 DNA extraction from bacterial culture 53
3.4.1.1 | CTAB protocol for the extraction of bacterial genomic 53
DNA
3.4.1.1.1 | Steps in the protocol 53
3.4.2 DNA isolation from yeast culture 55




3.4.2.1 | Yeast extraction reagents 55
3.4.3 Electrophoresis of the extracted DNA in agarose gel 56
34.4 Gel preparation (1.5% agarose gel) 56
3.4.5 Loading of the samples 56
3.4.6 Spectrophotometrically determination of DNA 56
concentration and purity
3.4.7 DNA purity A 260 / A 280 57
35 Random amplification polymorphase DNARAPD 57
analysis
3.5.1 Sequencing of 16S rRNA gene 59
3.5.2 ITS-PCR for yeast isolates 59
353 Accession number 60
3.54 Standard PCR reaction 60
3.5.5 PCR programming 61
3.5.5.1 | Protocol used for RAPD PCR for lactic acid bacteria 61
3.5.6 Checking the PCR products 62
3.5.6.1 | Preparation of PCR reagents 62
3.5.6.2 | Preparation of 10X TBE buffer 62
3.5.6.3 | Preparation of 1X TBE buffer 62
3.5.6.4 | Preparation of ethidium bromide 62
3.5.6.5 | Preparation of loading dye 62
3.5.6.6 | Preparation of agarose gel 62
3.5.7 Visualization of PCR products 62
3.6 Proximate chemical analysis 63
3.6.1 Moisture content determination 63
3.6.2 Fat content determination 64




3.6.3 Crude protein determination 65
3.6.4 Crude fiber determination 66
3.6.5 Ash content determination 67
3.6.6 Carbohydrate determination 67
3.7 Anti — nutritional factors 68
3.7.1 Determination of tannin content 68
3.7.2 Determination of phytic acid content 69
3.7.3 Determination of total polyphenols 71
3.7.4 In vitro protein digestibility determination 71
3.8 Minerals extraction 72
3.8.1 Phosphorus content 73
3.8.2 Potassium and sodium content determination 73
3.8.3 Determination of calcium and magnesium 74
3.8.4 Determination of lon , cupper and zinc 74
3.9 Amino acids profile 74
3.10 Statistical analysis 75
CHAPTER FOUR :
RESULTS AND DISCUSSION
4.1 Phenotypic characterization of LAB isolates 76
4.2 Phenotypic characterization of yeast isolates 76
4.3 RAPD- PCR genotypic characterization 79
4.4 165 rRNA sequencing 79
4.5 Genotypic characterization of yeast 80
4.6 Evaluation of kissra bread 88
4.6.1 Proximate composition 88
4.6.2 Anti-nutritional factors and protein digestibility of kissra 89
4.6.3 Mineral analysis 90
4.7 The sensory evaluation 93

Xl




CHAPTER FIVE :
CONCULSIONS AND RECOMMENDATIONS

5.1 Conclusions 96
5.2 Recommendations 96
References 97

Xl




List of Tables

Table Title Page
No. No.
1 Fermented sorghum- based foods of Sudan 22
2 primers and products of PCR 58
3 Phenotypic characterization of the isolated LAB from 77
Sudanese kissra fermented dough
4 Phenotypic characterization of yeast isolates 78
5 Identification of yeast isolates from kisra dough by ITS-PCR 82
6 Proximate composition of Sudanese fermented bread kissra 91
(%)
7 Anti-nutritional factors and protein digestibility of kissra (%) 92
8 Minerals content (%) 94
9 The mean scores for sensory attributes of sorghum bread kissra | 95

Xl




List of Figures

Figure Title Page
No. No.
1 Steps involved in traditional preparation of kissra bread 26
2 RAPD analysis using primer R2 and M13 81
3 RAPD analysis using primer R2 and M13 81
4 Phylogenetic tree with the 16S rRNA gene using the MEGA | 81
6.0 program by neighbor-joining (NJ) method.Out rooting
done by E.coli.
5 ITS - PCR forSaccharomyces isolates 83
6 ITS- PCR for Candida Isolates 83
7 Phylogenetic tree with the 26S domain D1/D2 rDNA using 84

the MEGA 6.0 program by neighbor-joining (NJ) method

XV




