Study of fermentation of pulses for nutritional benefits using Lactobacillus spp.

TABLE OF CONTENTS

LIST OF ABBREVIATIONS ...ttt ettt anee e e i
LIST OF FIGURES. ... ..ttt ettt e et e e et e e e e anee e aae iii
LIST OF TABLES ... .ottt ettt e et e e e et e e e antee o s Y
AB ST RA CT L.ttt et e et e et e e e R b e e b e e e et e e e an s vi
1. INTRODUCGTION ...ttt ettt e e e et e e e e antb e e e e et e e 1
1.1 BACKGIOUNG......c.utiiiiietie ettt ettt ettt ettt e e e ees 1
REVIEW OF LITERATURE ...ttt e 3

1.2 Morphology of 1actobacCilli .............co oot e e e et e e e 3

1.3 Phylogeny of 1aCtobaCilli............ooiiiiiiii e 3
1.4 Habitat of [aCtODACI...........oeiieiee e 3
1.5 Metabolism of 1aCtobaCilli............coovviiiiieie e 6
1.5.1GIUCOSE MEtADOTISIM ...t 6
1.5.2 Starch metaboliSM ......ccviiiiiiiiic e 7
1.5.3 SUCroSe MEtADONISIM ....c.uviiiiiiiice e 8
1.5.4 Raffinose mMetaboliSIM ..........oiviiiiiiie e 8
1.5.4.10- GalactosIdes. .....oviiiii i e 9
1.5.4.1.10- GalactoSidase BNZYME ........ccovveeeiireeiieeeciee e siee e 10
1.5.4.1.2 Microbial source and substrate specificity of enzyme ................. 10
1.5.4.2 Physiological effect of a- galactosides ..........c.ccccovevviieeiiie v, A1
1.6 Biotechnological application of lactobacilli..............c.ccoooeiiiiieiii e 12
1.6.1 Lactic acid ProdUCLION ..........ccveeiiiie e A2
1.6.1.1 Methods for lactic acid production .............ccccceevvveeiiie e, 13
1.6.1.2 Fermentation using lactobacilli and raw materials for lactic acid
[O1£0 o U Tox £ o) ISR 14
1.6.2 Lactobacilli in fermented fo0dS.............cooiiiiiiii 14
1.6.2.1 Fermented mMilk products...........cccovvvveeiiiiiiee e A5

1.6.2.2 Fermented meat productS...........cc.oiveiriiniiiiiiieeieee e 16



Study of fermentation of pulses for nutritional benefits using Lactobacillus spp.

1.6.2.3 Fermented fish ProductsS ............ccoeiiiiiieiiieiicec e 16
1.6.2.4 Fermented vegetable products ............cccoooveiiiiiiiiic i 17
1.6.2.5 Fermented beverage products...........ccccevvveiieiiieniienieeiee e 17
1.6.2.6 Fermented cereal Products............ccceviieiiieiieiiie e 17
1.6.2.7 Fermented pulSes ProduCES ...........cccveireeriieniieiie e 18
1.6.2.7.1 Nutrient composition iIN pulses...............coevviiiininnn, 19
1.6.2.7.2 Anti-nutritional factors inpulses......................ooeel. 22
1.6.2.7.2.1 Positive impact of anti-nutrients in human
NUEFITION. ..o 22
1.6.2.7.2.2 Negative impact of anti-nutrients in human
NUEFITION. ..., 22
1.6.2.7.3 Kinds of anti-nutritional factors................................ 23
1.6.2.7.3. 1 TaNNINS. ..ot e, 23
1.6.2.7.3.2 SAPONINS. ....ovitit i 23
1.6.2.7.4 Processing of Anti nutritional factors...................... ... 24
1.6.2.7.4.1S0aKING. ..o 24
1.6.2.7.42Dehulling.........cccooiiiiiii 24
1.6.2.7.4.3 Imbibition.............ccoooiiiiiii 24
1.6.2.7.4.4 Fermentation..............ccovveiiiiiiiiieniienn, 24
PRESENT STUDY ..ttt e 26
MATERIALS AND METHODS. ... 27
B L CREMICAIS. .. .t 27
I -1 o o S € - PP 27
3.3 Isolation of 1actobaCilli ..........c.onieii 27
3.3.1Sample CONECHION. ... ..o 27
3.3.2 Fermentation setup for isolating bacterial strains.................................. 27
3.3.3 Preparationof media............oooiiiiii 28
3.3.4 1s0lation Method...........ooouiii e 28
3.4 Identification Of ISOIALES. ... ..c.ivii i 28
3.4.1 PhenotypiCc Methods. .......o.oviniii e 29
3.4.1.1 Colony Morphology........ccovvviiiiiiiii e 29
3.4.1.2 Gram’s StAINING. .. .oueietentt et et et e e 29
3.4.2 Physiological method. ... 29
3.4.2.1 Gas ProduUCION. ...t e 29

3.4.2.2 Effect of temperature..........cooeiriiiiiiii e 29



Study of fermentation of pulses for nutritional benefits using Lactobacillus spp.

3423 EfeCt Of PH...ooe 30
3.4.2.4 Effect of NaCl concentration...............oovviiiiiiiiiiiiiniee, 30
3.4.3 BioChemiCal teSt. ... ..o, 30
3.4.3.1 Catalase teSt. .. .t 30
3.4.3.2 Methyl Red and Voges-Proskauer test...............cccovveiiinnnnnn. 30
3.4.3.3 Citrate Utilization teSt..........oeiiieiii e 31
3434 Urease teSt. . .o.ei i 31
3.4.3.5 Hydrogen sulfide production test...............ccooeiiiiiiiiiiinn. 31
3.4.3.6 Carbohydrate fermentation pattern of isolates........................ 31
3.5 Characterization and molecular phylogenetic analysis of isolates....................... 32
3.6 Utilization of carbohydrates by isolates. ..o, 32
3.7 Chemical @nalySiS. .......ooiri i 33
3.7.1 Growth curve via colony forming unit.................coooiiiiiiii e, 33
3.7.2 Lactic acid determination............covueriiieiiii e 33
3.7.3 Starch determination. ........ ..ot 33
3.7.4 EXtraction Of fre8 SUQArS. .......ooviiniitii i 34
3.7.5 Qualitative determination of oligosaccharides...................ccooiiiiiiinian. 34
3.7.6 Quantitative analysis of oligosaccharides................cooooiiiiiiiiiiiiin.. 34
3.7.7 Glucose estimation using DNSA method................ooooiiiiiiii, 35
3.8 Screening of isolates for a-galactosidase activity................ccoooiiiiiiiii i, 35
3.8.1 Determination of protein concentration..................cocoooiiiiiiiiiiiiiiinn, 35
3.9 Optimization of parameters for extracellular a-galactosidase enzyme.................. 36

3.9.1 Effect of incubation at different temperatures on a- galactosidase enzyme...36
3.9.2 Effect of incubation at different pH on a- galactosidase enzyme
3.9.3 Effect of incubation in different medium on a- galactosidase enzyme......... 36
3.9.4 Effect of incubation in different carbon concentrations on o- galactosidase
LT 74Y] 1 01 37

3.10 Evaluations of selected isolate to check behavior of pigeon pea pulse during

FermMeENtatioN. ... ..o e 37
3.11 Screening of pulse beans for optimization of medium.............................. 37
3.11.1 Qualitative estimation of lactic acids by HPLC method................... 38

3.11.2 Qualitative estimation of acetic acid and ethanol by GC- FID
MEthOod. ... e 39



Study of fermentation of pulses for nutritional benefits using Lactobacillus spp.

4 RESULTS AND DISCUSSION.....ccciiiiiiiiieee ettt iaanan e 40
4.1 1501ation OF DACLENIA. .. .. et 40
4.2 Preliminary identification of bacteria from fermented dal flour ....................... 41

4.2.1 Morphological charaCteristics............c.oiviiiiiiiii e, 41
4.2.2 Biochemical charaCteristiCs. .........covvuiriiiiii e, 42
4.2.3 Carbohydrate profile.............ooiiiii 43
4.3 Physiological charaCteristiCs. ..........ooviiriii e 43
4.3.1 Growth at different temperatures. ...........c.oooviiiiiiiiiii i, 43
4.3.2 Growth atdifferent pH...... ..o 43
4.3.3 Growth at various concentrations of NaCl....................cooooiiiiiinn, 45
4.3.4 Gas production from gluCoSe. .........cooviiiiiii e 49
4.4 1dentification of species by 16S rRNA sequencing and phylogenetic tree
ANAIY SIS, ..t 49
4.5 Growth Kkinetics of isolates using glucose as carbon source........................... 54
4.6 Carbohydrate consumption pattern.............oooiieiiiii i 58
4.7 Screening of isolates for a-galactosidase activity..................c.ocoiiiiiiiiin, 64
4.7.1 Effect of temperature. ... .. ..o 64
4.7 2 Effect Of PH. ..o, 65
4.7.3 Effect of different carbon SOUrCeS...........coviiiiiiiiiea, 65
4.7.4 Kinetics profile of a-galactosidase production................................. 66
4.7.5 Production of a-galactosidase enzyme during fermentation................. 66
4.8 Optimization of medium components using pulses to enhanced lactic acid
PrOTUCTION ... e e e 69
4.8.1 Estimation of lactic acid in sample using HPLC............................... 77
4.8.2 Estimation of acetic acid and ethanol in sample using GC-FID............ 82
4.9 Change in anti-nutritional factors in pulses................oooiiiiiiiiii i, 86
4.9.1 Total tannin content iIN PUISES. ..ot 86
4.9.2 Total saponins content in PUISES. ..........covviriiiiiiiiiie e, 88
SUMM A RY .ot 90
CONCLUSION S . Lot 92
REFE REN CE S e 93

PUBLICATION AND POSTER PRESENTAIONS IN MEETINGS....................... 110



