Naturally Fermented Milk from Indonesia:
A Study of Microbial Diversity and Probiotic
Potency for the Potential Treatment of Intestinal

Mucositis

Yoga Dwi Jatmiko
B.Sc (Biology), M.App.Sc

A thesis submitted in fulfillment of the requirements for the

Degree of Doctor of Philosophy

School of Animal and Veterinary Sciences
Faculty of Sciences
University of Adelaide
June 2017



Table of Contents

Table Of CONEENLS......cccvimimsmsss s ——————————————— ii
LiSt Of FIGUIES .o sssssssasasasasasasasasassnes vi
LiSt Of TabIeS ... ssssssssses viii
LiSt Of APPENAICES ... snes ix
ADDIeVIations ... ———————— X
ADSETACE. .. ——— xii
Declaration ... ———————————— Xiv
ACKNOWIEdGMENLS.....ccceirciisinnsnsmsnssnsssssss s ass XV
Conference Presentations Arising from this Thesis ..., xvii
083 2101 ) ol 0. L, 1
General INtroduction ......————————————— 1
1.1 Background INfOrmation ... 1
1.2 Naturally Fermented MilK.......cussssssssssssssssssssssssssssssssssssssssases 2
70 0 - T | o USSP 3
1.2.2 DANGKE ..o ieeeereeeeureesessesseeseessessesssessess s s s es s s bR AR AR R s 6
1.3 Characterization of Probiotic Properties........uusss 13
IR T Vo 1 =T o) o T Lo 1 0P 13
1.3.2 Tolerance t0 GastriC ACIAILY ....cccrererreereeneerreessesseesesseesses st sessessessesssssses s ssesssenses 14
1.3.3 Tolerance t0 Dile SAILS ... ssssseesssesssssans 14
1.3.4 Antimicrobial activity against pathOgens ... 15
1.3.5 Immune response MOAUIALION ... eeecererreeeeseer s sssssseesssesseesnss 16
1.4 Health Properties of Naturally Fermented MilK.........ccoconnmmnmnnnnsnsssmmnnsssss 16
1.5 Naturally Fermented Milk Products Improve the Diversity of Intestinal
107000 0] 5 1 - 19
1.6 Intestinal MUCOSILLS ... 20
1.7 Rationale for Use of Probiotics for Treating Intestinal Mucositis .......ccumnsininnns 22
1.8 AImS Of thiS STUAY ... ———————————— 23
00 1 B2 01 173 ol o 25
Culture-Dependent and -Independent Analysis of Microbial Communities
Associated with Dadih and DangKe.........c.cocovnnmnmmnmmmmssssssssss 25
2 I 001 06 Lot () 25
2.2 Materials and Methods ... 26
2.2.1 SAMPIE COILECTIONS. ..currvreueerecereeseteisset et bees s ssse b s bbb s 26

ii



A (10T U 103 s Wo ) 5] o or=1 1 0 1o 27

2.2.3 Phenotypic characteriZation ... sssssssssssssssssssess 28
2.2.4 Genotypic CharaCteriZation ... sssssssse s sssssssssssassssees 28
2.2.5 Molecular identifiCation ... cceneesees s sssss s sssesssssssssssssesssssans 29
2.2.6 DNA SEqUENCING ANalYSIS...criririereerieereeseesseesesseesesssssesssssssssssssesssssssssssssesssssssssssssssssssees 29
2.2.7 PYrosequencing analySiS ....oreeesseesseessessesssessssssssssssesssssssssssssssssssesssssssssssssssssssans 30
2.3 RESUILS s AR R 32
2.3.1 Enumeration and LAB iSOlatioN ... ssessseesesssssssssssssssssasessees 32
2.3.2 Characterization and identification 0f i1SOIAtes ......cereeneernneenneeseeseeesseeseesseeenne 33
2.3.3 PyroSeqUENCING data......ccoccmereereereeneesresseessesecssessessesssessssssessesssesssssssssssssssssssssssssssssssssees 40
2.3.4 Composition of bacterial COMMUNITIES ... 43
2.3.5 BaCterial QIVETISILY .o es e sssssses s sssssssssssesasees 45
B 0 D LY 01 LT 11 ) 1 45
2.4.1 Bacterial communities in dadih and dangke ... 45
2.4.2 Molecular characteriZation. ... ssesssesssssssssssseesssesans 46
2.4.3 Structure and dynamics of microbial commUNIty......ccoveneeenrienneereeenneenseeseesseeenne 47
2.5 CONCIUSION iR AR R R R 48
00 1 1 01 ) ol 50
Evaluation of Yeast Diversity in Dadih and Dangke by ITS-PCR RFLP.............. 50
B0 I 00T 0T L1 ot () 50
3.2 MethOdS. ... AR AR 51
3.2.1 ColleCtion Of SAMPLES ......cceeeeemreereerrrerrees s ssesse s ssess s sssssssssssesssssans 51
3.2.2 Isolation and enumMeTation Of YEASES .......cocreerrerrernrerneeseeseessesseesseesessessesssessssssessessees 52
3.2.3 Phenotypic charaCteriZation .......eeeeneeeeeesssessessseesseesssssssssessseesssssssessssessessans 52
3.2.4 Genotypic CharacCteriZation ... eeeereseessees s sssssssssssesssesans 52
3.2.5 Molecular identification and DNA sequencing analysis .......cceneenseeneennn. 53
BT 20 2T 1 ) 3 54
3.3.1 Predominant yeasts in dadih and dangke ... 54
3.3.2 Molecular characterization and identifiCation ... eeeeeeseeseesseesseessseesseesseesseessesssesssees 56
B 30 0 1Y 01 ) T 1 ) o 60
R RS 0003 1 6 11 1] T ) 1 61
08 1 1 01 ) ol 62
Screening and Characterization of Lactic Acid Bacteria Isolated from Dadih
and Dangke for Potential Use as Probiotic........uns 62
01 T 310 0 L Ut () 62
= o 4 0 63

iii



4.2.1 Screening of acid- and bile-resistant strains and determination of acid

L0 =3 = o Lol PO 63

4.2.2 Molecular detection of msa and DSh GENES ........c.cereenmereererneereesseseisesssessssssasesseens 64

4.2.3 Antimicrobial activity and bacteriocin detection ... 65

4.2.4 ANtIDIOTIC TESISTANCE......ruueereereeeiret ettt s bbbt st 67

4.2.5 Adhesion t0 CaC0-2 CEIIS ...enernereisseesssesssesssees s sssssssssss s sesssssssssssssssssssssssssssssens 67

4.2.6 Statistical aNalYSIS .. —————————_———.. 68

S 0 2] ) L 68

4.3.1 Screening of acid- and bile-resistant strains and determination of acid

L0] 1<) ¢ U Lo =TSPTSRO 68

4.3.2 Molecular detection of msa and DSh ENES........cuereeenrienreeseesneeesseeseesseessessssssesens 75

4.3.3 Antimicrobial activity and bacteriocin detection.......oueeereereenerneerneeseeseeserseens 75

4.3.4 Antibiotic resistance and adhesion to Caco-2 cells......oerneeneeneernneenneennens 77

4.4 DISCUSSION 1uuiusmissscsmsmssssmsssssssssssssssssssss s AR SRR R AR AR AR R 79

T S 000 ¢ Lol 11 1) L0 o L 81

00 1B 01 7= ol S 83
Effects of Probiotics Isolated from Dadih on Intestinal Mucositis Induced by 5-

Fluorouracil in Rats ... 83

5.1 INtrOAUCTION cucurirccissssssssssssss s e 83

5.2 MetNOAS. ..o 85

5.2.1 ANIMAl STUAIES ..ucvuerereeeeeereeeseeeesseesseerssesssess s esssesssess s sssssssssssss s sssesssssssssssssesssesans 85

5.2.2 TiSSUE COIIECTION. ..ottt sees et s e e 85

5.2.3 Histological analysis and intestinal damage severity SCOring..........oeereeneens 86

5.2.4 Biochemical analysis: Myeloperoxidase (MPO) actiVity.......ccoemeenmeenseesseesseeenne 86

5.2.5 StatiStiCal ANaAlYSES ..ot ees et s s eees 87

5.3 RESUILS ..t AR 87

5.3.1 Daily metaboliC data ... ssssssses s sssessssssssssssees 87

5.3.2 Intestinal damage severity (IDS) SCOTING ...cccvrrenrernreneeneeserneesseensessessesseesseessessesseens 95

5.3.3 Myeloperoxidase (MPO) aCtiVILY .....omeenernmemeeeesseesssesseesssesssesssesssesssessssssssessssesssesans 99

LI D 3 1 01 ) L ) 99

LT 001 1 Ul L 1) 101

00 1B 01 17 o 102

General Discussion and SUMMATY ... 102

6.1 INtrOAUCTION ..ucvruiiesinissmssssss s AR 102

6.2 Microbial Diversity and Dynamics in Dadih and DangKe..........c.ouunmsmsnsnsssesesesssenns 102

6.3 Probiotics Isolated from Dadih Partially Improve Parameters of 5-Fluorouracil-

Induced Intestinal MUCOSILIS ...uicuierrrerisrismssmsmsrssssssssssssssssssssssssssssssssssssssssssnsssnsssnsssssssssssssssssns 105

iv



LSRR Y 1101 10T ) o

Appendices

References




List of Figures

Figure 1 Dadih manufaCturing PrOCESS ..........ccvrieierierienie et 4
Figure 2 The manufacturing process of dangke............ccovvvereiiriinniiie e 7
Figure 3 Dangke final product ............ccooiiiieii i 7
Figure 4 PCR amplification of 16S-23S rRNA gene (ITS) region.........cccccevvevveieennnnn, 36
Figure 5 Gel electrophoresis of PCR-amplified 16S-23S rRNA (ITS) region digested

WIth HINAI oo 37
Figure 6 Gel electrophoresis of PCR-amplified 16S-23S rRNA (ITS) region digested

WIEH HINFL oo 37
Figure 7 Agarose gel electrophoresis of L. plantarum using species-specific primers

(220 DP) vt ens 38

Figure 8 Neighbor-joining tree showing the phylogenetic relationships among bacterial
isolates from dadih and dangke samples and the type isolates based on 16S

rRNA gene sequences. Pseudomonas (P.) aeruginosa was used as an outgroup.

Figure 9 Relative abundances of bacteria at the phylum level of dadih and dangke

PROTUCES ...ttt ettt e e e et e e te et e e neesreeneesresbeenteeneesres 42
Figure 10 Relative abundances of bacteria at the genus level of dadih and dangke
PIOAUCTES ...ttt bbbttt 42
Figure 11 Rarefaction curves of dadih and dangke samples .........ccccccoveveiviiiecceiieneen, 44

Figure 12 Principal coordinates analysis (weighted UniFrac) of dadih and dangke
SAMPIES . 44
Figure 13 PCR amplification of the 5.8S rRNA gene and ITS region of selected yeasts
(A) & Confirmation of ITS-PCR RFLP analysis between Saccharomyces
cerevisiae SL1.1 and Saccharomyces cerevisiae isolated from baker’s yeast
(=) TN 57
Figure 14 Gel electrophoresis of PCR-amplified 5.8S rRNA gene and ITS region
digested With HINTL ..o 57
Figure 15 Gel electrophoresis of PCR-amplified 5.8S rRNA gene and ITS region
digested With Haelll .........c.ooiiiii s 58
Figure 16 Neighbor-joining tree showing the phylogenetic relationships among yeast

isolates from dadih and dangke samples and the type isolates based on ITS1,

vi



5.8S rRNA gene and ITS2 sequences. Pichia (P.) jadinii was used as an
(01010 (0] o TR 59
Figure 17 Representation of amplification products of msa gene — 1,740 bp (A) and bsh
geNe — 919 BP (B) weoiveeiiiieie e 75
Figure 18 Amplification products of plantaricin A (450 bp) from representative’s strains
of Lactobacillus plantarum ... 76
Figure 19 Daily body weight change of saline or 5-FU injected rats on day 5, gavaged

daily with 1 mL of water, MRS broth, Lp or Lacl...........c.cccoovevviveiieircen, 88
Figure 20 Daily water intake of saline or 5-FU injected rats on day 5, gavaged daily
with 1 mL of water, MRS broth, Lp or Lacl..........cccoocevviniiiiiiieec e, 89
Figure 21 Urine output of saline or 5-FU injected rats on day 5, gavaged daily with 1
mL of water, MRS broth, Lp or Lacl........cccccviiiiiiiini i 90
Figure 22 Food intake of saline or 5-FU injected rats on day 5, gavaged daily with 1 mL
of water, MRS broth, Lp or Lacl. .......cccccceiiiiiiiiiii e 91
Figure 23 Fecal output of saline or 5-FU injected rats on day 5, gavaged daily with 1
mL of water, MRS broth, Lp or Lacl........ccccccviiiiiiiiii i 92
Figure 24 Proportional visceral organ weights on day 8. ..........cccoooiiiiiiiiniicnii e, 93
Figure 25 Proportional gastrointestinal organ weights on day 8. ..........ccooveiiiiniiien 94
Figure 26 Proportional intestinal organ lengths collected on day 8. ...........ccoooviiieinns 95

Figure 27 Villus height (VH) and crypt depth (CD) measurements in the rat jejunum for

€aCh grouP ON dAY 8. .....ooivieieeece e e 97
Figure 28 Villus height (VH) and crypt depth (CD) measurements in the rat ileum for
€ACH GrouP ON dAY 8. ...c.eiiiiiciieeee s 98
Figure 29 Myeloperoxidase activity in the jejunum and ileum on day 8. ...................... 99

vil



List of Tables

Table 1 Naturally fermented milk products with identified microbiota and probiotics ... 8

Table 2 List of primers used in this STUAY ..o 31
Table 3 PCR amplification condition used for the characterization and identification of

LAB isolated from dadih...........cccooiiiiiiiii e 31
Table 4 Lactic acid bacterial count of dadih and dangke samples...........c.ccoviiiennn. 33

Table 5 Grouping of bacteria based on ITS-PCR RFLP results and identification by 16S

FRNA gENE SEQUENCING ...vveivveiveeiieie st ste et ste e sraesae e s raesbe e saeenreanes 35
Table 6 Pyrosequencing data and alpha diversity scores of dadih and dangke samples 41
Table 7 Enumeration of yeast from the YMA medium ..........ccoovvviininininiiniiicees 54
Table 8 Grouping of yeasts based on ITS-PCR RFLP and identification by the 5.8S
rRNA gene and ITS region gene SEQUENCING.......c.civerveeieeieerieseeseeseseesieesee e 56
Table 9 Bacterial strains used in this study as indicator bacteria ................ccccovevviiennen, 66

Table 10 Acid tolerance of Lactobacillus plantarum in MRS broth (pH 2—6.2) measured
by the time taken to reach absorbance 0.3 units at 620 NM ..........cccoecvvievvenenne. 69
Table 11 Bile tolerance of Lactobacillus plantarum in MRS broth measured by the time
taken to reach absorbance of 0.3 units at 620 NM ..........cccovviiieieiinineeeee, 70

Table 12 Survival rates of five strains of L. plantarum in MRS broth at pH 2 (n=2,

Table 13 Acid tolerance of Lactococcus lactis subsp. lactis and Enterococcus faecium in

M17 broth (pH 2-6.9) measured by the time taken to reach absorbance 0.3 units

AL B20 MM Lttt e beearee s 72
Table 14 Survival rate of seven strains of Lactococcus lactis subsp. lactis in M17 broth
At PH 2 (NZ2, XESEM)...oooiiiiieee et 73

Table 15 Bile tolerance of Lactococcus lactis subsp. lactis and Enterococcus faecium in

M17 broth measured by the time taken to reach absorbance of 0.3 units at 620

Table 16 Antibiotic resistance and adhesion percentage on Caco-2 cells of selected
strains of Lactobacillus plantarum and Lactococcus lactis subsp. lactis........... 78
Table 17 Disease severity index in the jejunum and ileum between saline and 5-FU
ErEALMENT GIOUPS ... e iereeiee ettt 96

viii



List of Appendices

Appendix 1 Molecular and phenotypic characterization of bacterial isolates from dadih

and dangke SAMPIES .......ooviiiiiiee s 108
Appendix 2 Molecular and phenotypic characterization of yeast isolates from dadih and

daNGKe SAMPIES .......oiveeieiieie e 109
Appendix 3 Bacterial composition in dadih samples..........c.ccccooeieiiiieiecinece e, 110
Appendix 4 Bacterial composition in dangke samples...........ccoooiiiiiinininicieien, 111
Appendix 5 Yeast composition in dadih SamMpPIes..........ccoceveieiiiiiniieeee, 112
Appendix 6 Yeast composition in dangke samples ........c.ccccovveveiieie e, 113

Appendix 7 Diameter of inhibition zone (mm) of Lactobacillus plantarum strains
against pathogenic DACErIA .........cccooveiiieiiiii e 114
Appendix 8 Photomicrograph of jejunum post-injection with saline and 5-fluorouracil

(5-FU) (magnification 40X).........ccceeiieiieiiiie e 116
Appendix 9 Photomicrograph of ileum post-injection with saline and 5-fluorouracil (5-
FU) (Magnification 40X) ........ccoeiiiieiiieienie e 117

ix



ACE
ATCC
BLAST
bsh
Caco-2
CD
CFS
cfu
dATP
DC
dCTP
dGTP
DM
DNA
dNTPs
DMEM
dTTP
EDTA
FCS
5-FU
GABA
H&E
HEPES

IDZ
IgA
IL
ITS
LAB
Lacl

LSD

Abbreviations

Angiotensin I-converting Enzyme
American Type Culture Collection
Basic Local Alignment Search Tool
Bile salts hydrolase
Adenocarcinoma of the colon
Crypt depth

Cell-free supernatant

Colony Forming Units
2-deoxy-adenosine-5-triphosphate
Dendritic cells
2-deoxy-cytidine-5-triphosphate
2-deoxy-guanosine-5-triphosphate
Dry matter

Deoxyribose nucleic acid
Deoxynucleotide triphosphates
Dulbecco’s modified Eagle Medium
2-deoxy-thymin-5-triphosphate
Ethylenediamine tetra acetic acid
Feta calf serum

5-fluorouracil
Gamma-aminobutyric acid
Haematoxylin and eosin
4-(2-hydroxyethyl)-1-piperazine
ethanesulfonic

Inhibition diameter zones
Immunoglobulin A

Interleukin

Intergenic transcribed spacer

Lactic acid bacteria

Lactococcus lactis subsp. lactis SL3.34

Lactobacillus plantarum S1.30

Least significance difference



LSM
MAPK
MilliQ H,O
MPO
MRS
msa
MTX
NCFS
NF-«B
NFM
NGS
NSLAB
OTU
PBS
PD
plnA
RFLP
rRNA
ROS
SD
SEM
TAE
Taq
TNF-a
Tris
TSA
TSA
TSB
VH
YEPD
YMA
YPD

Lactic acid bacteria Susceptibility test Medium
Mitogen-activated protein kinase
Milli-Q filtered deionized water
Myeloperoxidase

de Man, Rogosa and Sharpe
Mannose-specific adhesion
Methotrexate

Neutralized cell-free supernatant
Nuclear factor-kappa B

Naturally fermented milk

Next generation sequencing
Non-lactic acid bacteria

Operational Taxonomy Unit
Phosphate-buffered saline
Phylogenetic distance

Plantaricin A

Restriction Fragment Length Polymorphism
Ribosomal RNA

Reactive oxygen species

Standard deviation

Standard error of the mean
Tris-acetic EDTA

Thermus aquaticus DNA polymerase
Tumour Necrosis Factor-Alpha

Tris (hydroxymethyl) aminomethane
Tryptone soya agar

Tryptone soya agar

Tryptone soya broth

Villus height

Yeast extract peptone d-glucose
Yeast mannitol agar

Yeast peptone dextrose

Xi



Abstract

Naturally fermented milk (NFM) is prepared from fresh milk which is fermented
spontaneously, without any inoculation of starter cultures. With increasing interest in
novel dairy products, naturally fermented milks have become of interest to food
microbiologists as a result of their potential as technologically important
microorganisms. Dadih is a well-known naturally fermented milk product developed by
local people in West Sumatra, Indonesia. This product is manufactured using
unpasteurized buffalo milk which is then fermented spontaneously at ambient
temperature. Dangke is prepared from heat-treated buffalo milk, and then processed
enzymatically utilizing papain from papaya latex. Identification and characterization of
the indigenous microbiota is essential for understanding how the microbial ecology
impacts on the organoleptic, safety and potential health benefits of dadih and dangke. In
addition, the presence of probiotic microorganisms in these products was also evaluated
by investigating their potential to reduce the severity of chemotherapy-induced
intestinal mucositis in rats. Probiotics have been defined as ‘live microorganisms that,
when administered in adequate amounts, confer a health benefit on the host’ (Hill et al.
2014).

Lactic acid bacterial (LAB) groups detected using culture-dependent techniques
in dadih were Lactobacillus plantarum, Lactococcus lactis subsp. lactis, and
Enterococcus faecium (Chapter 2). Only one species of acetic acid bacteria was found,
namely Acetobacter orientalis, while yeasts isolates were identified as Saccharomyces
cerevisiae, Candida metapsilosis and Kluyveromyces marxianus, with C. metapsilosis
as the principal yeast (Chapter 3). Other bacteria detected included Klebsiella oxytoca,
Klebsiella sp. and Bacillus pumilus. Among these bacteria, L. plantarum was the most
frequently isolated LAB from dadih, followed by L. lactis subsp. lactis.

Indigenous microbiota detected in dangke were relatively similar to dadih
(Chapter 2). However, E. faecium and B. pumilus were not found in dangke.
Lactococcus lactis subsp. lactis was the most predominant LAB, while S. cerevisiae
was the most frequently isolated yeast (Chapter 3). Moreover, based on a culture-
independent method (pyrosequencing), genus Lactococcus had the greatest relative
abundance in dadih. Based on pyrosequencing results, a more diverse population of
mesophilic LAB was found in dangke sourced from cow’s milk; while family

Enterobacteriaceae dominated dangke samples from buffalo milk.
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Lactobacillus plantarum S1.30 isolated from dadih demonstrated probiotic
properties which included tolerance to low pH and bile salts, antimicrobial activity and
the presence of a bacteriocin regulating gene (plantaricin A) and msa and bsh genes,
susceptibility to antibiotics and ability to adhere to Caco-2 cells (Chapter 4). From
these probiotic features, only antimicrobial activity and the presence of msa and bsh
genes were not demonstrated by L. lactis subsp. lactis SL3.34. However, from the
pyrosequencing results, this strain was selected as the representative of the dominant
genus/species in dadih.

The efficacy of probiotics evaluated in the present study was variable at treating
S-fluorouracil (5-FU)-induced intestinal damage in vivo (Chapter 5). The results
suggested that L. plantarum S1.30 and L. lactis subsp. lactis SL3.34 could have
beneficial effects through partially improving metabolic parameters such as water
intake, urine output, food intake, and fecal output in 5-FU challenged rats. The severity
of damage in the jejunum and ileum was also reduced following probiotic culture
treatment.

In conclusion, this insight into the microbial composition of dadih and dangke
will assist in the development of sustainable and technologically feasible starter cultures
with probiotic properties. This information has the potential to enhance human health,
food safety and food security from locally produced traditional fermented milk

products.
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