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ABSTRACT

Kefir is fermented using different kinds of milk and consumed to boost
health benefits. Kefir cultures from Kamphaeng Phet and Nonthaburi Provinces in
Thailand were fermented with rice milk and cow milk. The rice cultivars used were
white rice (Khao Hom Mali 105), red rice (Khao Dang) and black rice (Khao Nin)
collected from Kalasin Province, Thailand. Characteristics and chemical compounds
present in Thai rice milk and cow milk kefir were studied. Results indicated that pH
ranged between 4.5 and 6 with viscosity ranging between 1.5 and 7 cps. The
ultrasonication method was effective for extraction of volatile compounds and
determination of antioxidant activities. Rice milk kefir significantly (p<0.05)
exhibited higher antioxidant activity than cow milk kefir. DPPH scavenging was
recorded between 55% and 89%, while FRAP assay results were between 2.5 and 3
pg FeSO4/ml and total phenolic content ranged 0.1 to 0.6 mg GAE/m.

Microbial analysis showed the presence of acetic acid bacteria and lactic
acid bacteria in both rice milk and cow milk kefir from Nonthaburi Province but yeast
was absent. No lactic acid bacteria and yeast were recorded in rice milk and cow milk
kefir from Kamphaeng Phet Province. GC-MS analyses showed that amino acids and
alcohols were found in variable amounts in both rice milk and cow milk kefir from
Kamphaeng Phet and ‘Nonthaburi Provinces, with ethanol and acetic acid found in
almost all types of rice milk kefir. Our optimization study revealed that inoculation
percentage and incubation temperature modified phenolic contents and acetic acid
bacteria population as shown by the response surface model. Optimal conditions were
Incubation temperature at 27.5 °C and inoculation percentage of 4% v/v. High
antioxidant kefir can be considered as a food additive as it contains probiotics or as a
cosmetic ingredient.

Keyword : Kefir, Probiotics, Antioxidants, Rice Milk, Rice Milk Kefir



ACKNOWLEDGEMENTS

| would like to extend special thanks to my advisor, Asst. Prof. Dr. Sirirat
Deeseenthum, for kindly providing valuable ideas, scientific guidance and help
throughout this study. Invaluable assistance with PCR techniques and sequencing from
my co-advisor 1, Asst. Prof. Dr. Vijitra Luang-In was also much appreciated, coupled
with Kkindness, proactive advice, understanding, and encouragement throughout this
study. | gratefully thank my co-advisor 2, Asst. Prof. Dr. Pheeraya Chottanom, for help
and suggestions with optimization using response surface methodology. | would like to
extend my thanks to Asst. Prof Dr. Thalisa Yuwa-amornpitak, Asst. Prof Dr. Luchai
Butkhup and Asst. Prof. Dr. Pariyaporn Itsaranuwat for their understanding, guidance,
comments and encouragement. The Farmer Group, Kalasin Province supported and
authenticated the rice varieties. Thanks also go to my special friends for their help
during my doctoral life. I wish to express my appreciation to Mr. Worachot Saengha,
Mr. Eakasit On Nangyai, Miss Emmiki Ne-m, Miss Sutera Srichaiyos and Miss Pa-Nga
Yeunyaw for all their help. Also, I would like to extend my gratitude to Mahasarakham
University for providing the Scholarship. Finally, 1 would like to express my deepest

appreciation to my parents for their love and encouragement during my entire study.

Stephen Moses John



TABLE OF CONTENTS

ABSTRACT
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
List of Tables
List of figures
Chapter 1
Introduction
1.1 Kefir and its background
1.2 Objectives
1.3 Expected outcomes
1.4 Hypotheses
1.5 Scope of research
1.6 Definition of keywords
Chapter 2
Literature Review
2.1 Kefir
2.1.1 Chemical composition of kefir
2.1.2 Characteristics of kefir
2.1.3 Kefir grains

2.1.4 Functional properties of kefir

2.2 Morphology of lactic acid bacteria, acetic acid bacteria and yeast
2.3 Rice

2.3.1 Phenolic acid composition of rice
2.3.2 Anthocyanin composition of rice

2.4 Antioxidants




2.4.1 Antioxidant activities Of Kefir...........ccooviiiiiiiiiee, 15

2.4.2 Antioxidant compound determination ...........ccceoerererenenenenieeeeees 15

2.4.3 Ferric reducing antioxidant power (FRAP), 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and total phenolic Content.......cciovviverene e 16

2.5 Extraction of phytochemicals and optimization of processes for kefir production
........................................................................................................................... 17
(08T 0] (=] S T TSR STy TSP UR PRSPPI 21
Materials and METhOUS...........oouiii it 21
B L MALETIAIS ... bbb 21

B L L RICE ettt e bbbt 21

L2 KBEI.eeeee Ebeeeeeebeeereeeebebbeeeeenees 21

3.1.3 Reagents and ChemiCalS..........cooviiiiieiiet e 22

3.2 Kefir and rice milk preparation............ooeeeicienene st 22
3.2.1 Kefir preparation and Production .............ccceeereeeiieeienenesesesesee e 22

3.2.2 Preparation of rice MilK.........cooiiiiii e 23

3.3 Properties of kefir produced from the three rice milk samples ......................... 23
3.3.1 Methods to determine the physical properties.........c..ccooeieneiniiieiennene 23

3.3.2 Methods used in determining chemical properties.....c.c..ccoovvvvviieivennene. 23
3.3.2.1 Total phenolic CONLENL ............ccoriiiiiiiiiie i e 23
3.3.2.2 DPPH free radical SCAVENGING icc..c.veoverviriiriiiiieiieiietsie e 24

3.3:2.3 Determination of Ferric Reducing/Antioxidant Power Assay (FRAP).24

3.3.3 Methods to determine the biological properties..............ccovuiniiiiinnncnnne. 27
3.3.3.1 Microbial pOpUIALION ......cc.. . ieeiiit et ittt e 27
3.4 Optimization of rice milk kefir production...................ciivinvine s iesiie et 28
3.4.1 EXPerimental deSIGN .........ooiiuiiueeee vt sen it i st b 28
3.5 Biodiversity of microorganisms in kefir grains using genetic technique .......... 29
3.5.1 Genomic DNA 1SOIAEION 1u..eiiiiiieiaieieiesic e 29
3.5, 2 RAPD-PCR ...ttt 30
3.5.3 Sequence analysis and phylogenetic tree construction............ccccccvvenenne. 30

3.6 Data @NAIYSIS ....c.viiiiiiciieiieie s 30



CRAPLET 4 ...t 32
RESUILS AN DISCUSSIONS .......evevieieeieie skttt 32
4.1 Rice milk preparation analySiS...... .ot e 32

4.1.1 Gamma-oryzanol and alpha-tocopherol content in rice milk varieties ....32

4.1.2 Volatile compound identification using GC-MS.............ccecvevvniniveinenne. 33
4.2 Study of characteristics of cow and rice milk kefir prepared by ultrasonication
method fermented with Nonthaburi Kefir grain............cccoiceveviinninn e 42
4.2.1 PRYSICAl PrOPEITIES ..otttk e 42
4.2.2 ChemiCal ProPertIES. ......ociiiiiiieieiee ettt e 43
4.2.3 BI0l0gical PrOPerties ..ot 44
4.3 Modeling by response surface methodology ..........cccovvviriieneeie e, 47
4.3.1 Physical property analyses after optimization...........ccccveeevcvereiieiveniene 47
4.3.2 Chemical property analyses after optimization .........ccceeeevevereiinivennnnne 48
4.3.2.1 Effect of process variables on volatile compounds .............cc.ccovevenene. 48
4.3.2.2 Effect of process variables on total phenolic content................ccccoeuee. 51
4.3.3 Biological property analyses after optimization..........ccccccooevevvvieivennene. 53
4.3.3.1 Effect of process variables on microbial population..............cccccccueuee. 53

4.3.3.2 Effect of process variables on ferric reducing antioxidant power assay55

4.3.3.3 Effect of process variables on antioxidant activiti€S............cc.cccvevennne. 56

4.4 Biodiversity of microorganisms in KeFir grains ............ccciceeiveienenenesieieennens 58
4.4.1 Cell MOIrPNOIOQY.....coceiiiirireiiiisieesee et aibeeeesiees b et e st ine e 58

4.4.2 Detection and identification of bacterial isolates ........cccc....ooeniniiiiin.. 60

4.4.3 Identification Of MICrOOIGaNISIMS ..c....oeiiiveresiiiineeeeenresee e see e sneeeeesins 61

4.4.4 Microbial diversity of kefir (Nonthaburi, Thailand) «..........cccooiniiennne 61

(08 p1=1 o) ] 5 = S A =~ St WL = I SR 0 e S 63
CONCIUSIONS ...ttt bk dE e bt bkt e et bbbttt 63
REFERENGES ...ttt sttt sttt ettt e e et e nte e nneeanes 64
APPENDICES ...ttt e et e et e e e e e rae e nne e 84

APPENDIX A e 85



SOIULION PrEPATALION......ccuiiieeiiiiieete et 85
1. Preparation of reagents for Total Phenolic content..............ccccoevviiiinennn, 86
2. Preparation of reagents for Free- radical scavenging activity (DPPH) assay86

3. Preparation of reagents for Ferric reducing antioxidant power (FRAP) assay

.................................................................................................................. 86
APPENDIX B ikttt ke 87
GC-MS output of Volatile compounds after optimization ..........ccceeveveniiieniiciennenn 87
APPENDIX € .ottt b e st e h ettt b e nnne s 92
BLAST output of microbial isolates from Thai rice milk kefir (Nonthaburi) ............. 92
APPENDIX D et ettt ettt 117
SEALISTICAI ANAIYSES ...kt bbbt 117
APPENDIX E . oottt et 121
Conference Presentation (POSTEI)........couiieiieierieieieiie s sr et sb e 121
APPENDIX Foo ettt ettt 124
PUBIICALIONS ...t r ettt 124
APPENDIX G .ttt b ettt ettt 151
(00T 4 ] 0= L= O ST TR TR PR TR DY P STUTURURURRPRPIR 151

BIOGRAPHY e ittt et nne s 154



List of Tables

Table 1 Codex Alimentarius description of kefir*
Table 2 Bacteria found in kefir
Table 3 Anthocyanin compounds in rice

Table 4 Experimental design of rice milk kefir production with code values and actual
values

Table 5 Estimation of gamma-oryzanol and alpha-tocopherol

Table 6 Volatile compounds present in white rice milk at 0 to 24hr fermentation using
ultrasonic extraction and blender extraction methods. ............cccecveieiic i, 34

Table 7 Volatile compounds present in black rice milk kefir at 0 to 24 hr fermentation
using ultrasonic extraction and blender extraction methods. ........cccccocovvviiiiiieiienneen, 36

Table 8 Volatile compounds present in red rice milk kefir at 0 to 24 hr fermentation
using ultrasonic extraction and blender extraction methods. .........cccccccvviiiviieiiennen, 38

Table 9 Volatile compounds present in cow milk kefir at 0 to 24 hr fermentation using
ultrasonication and blender Methods. ..ot 40

Table 10 pH and viscosity of milk kefir fermented with Nonthaburi grain

Table 11 Total phenolic content of milk kefir fermented with Nonthaburi grain during
48 hr of fermentation

Table 12 Microbial population of milk kefir fermented with Nonthaburi grain during
48 hr of fermentation

Table 13 DPPH of milk kefir fermented with Nonthaburi grain during 48 hr of
fermentation

Table 14 FRAP of milk kefir fermented with-Nonthaburi grain during 48 hr of
fermentation

Table 15 pH and viscosity of optimized kefir
Table 16 GC-MS profile of optimized kefir
Table 17 Total phenolic content of optimized kefir

Table 18 Microbial population of optimized kefir

Table 19 FRAP assay analysis of optimized kefir







List of figures

Figure 1 Kefir grains

Figure 2 Functional properties of kefir
Figure 3 Rice Samples

Figure 4 Thai kefir culture

Figure 5 Response surface plots for the effect of (a) Incubation temperature, and (b)
Inoculation percentage on the total phenalic content (TPC). ...cccooeiieviiiciiecicienn, 52

Figure 6 Response surface plots for the effect of (a) Incubation temperature, and (b)
Inoculation percentage on population of lactic acid bacteria

Figure 7 Response surface plots for the effect of (a) Incubation temperature, and (b)
Inoculation percentage 0N FRAP @SSAY. ...c.icvciveiiiiieiieiiesiesie st anae e sre e sreesae e sneas 56

Figure 8 Response surface plots for the effect of (a) Incubation temperature, and (b)
Inoculation percentage on DPPH scavenging activity

Figure 9 Morphology of bacteria
Figure 10 Bands generated from gel electrophoresis detection: 1,500 bp. .................. 61

Figure 11 Phylogenetic tree of LaCtOCOCCUS SP. wirvveviirieireeiieiisitesiresiesteesie e sre e 62




Chapter 1

Introduction

1.1 Kefir and its background

Kefir is a soured, frothy and mildly alcoholic dairy drink produced by
the result of acid and alcohol fermentation. Kefir preparation involves natural
fermentation of cow milk with kefir grains (Chandan, 2006). Kefir has frequently
been claimed to be effective against a variety of symptoms and diseases. Kefir can be
made of any type of milk: cow, goat, sheep, coconut, rice and soy but cow milk is
commonly used. Traditionally, kefir is homemade but this product has now been
commercialized in many countries (Farnworth, 2005). In Soviet countries, kefir has,
anecdotally, been recommended for consumption by healthy people to lower the risk
of chronic diseases, and has also been provided to certain patients for clinical
treatment of a number of gastrointestinal and metabolic diseases including
hypertension, ischemic heart disease (IHD) and allergies (St-Ongeet et al., 2002;
Farnworth and Mainville, 2003).

Lactic acid bacteria and yeasts are embedded in kefir grains in a slimy
polysaccharide matrix named kefiran (La Riviere et al., 1967). Various lactic acid
bacteria and yeasts have been identified in kefir grains including Lactobacillus brevis,
L. helveticus, L. kefir, Leuconostoc mesenteroides, Kluyveromyces lactis, K.
marxianus, and Pichia fermentans (Angulo et al., 1993, Lin et al., 1999). Kesenkas et
al. (2011) determined the antioxidant properties of kefir produced from different cow
and soy milk mixtures. Antioxidative activities such as the inhibition of ascorbate
autoxidation, reducing activity, the scavenging effect of superoxide anion radicals and
hydrogen peroxide of kefir. samples were determined. Kefirs produced from whole
soy milk had the highest inhibition rate of ascorbate autoxidation.

Bacterial inhibition and antioxidant activity have been reported by several
isolated strains from kefir but no studies of the bioactive properties of kefir from a
mixture of pure cultures are available, while only a few consider the activity of kefir

produced by rice milk (Deeseenthum and Pejovic, 2010). As kefir contains probiotics,



its properties need to be known. Probiotic properties are important for survival in the
gastrointestinal tract, and are also important criteria for the selection of starter cultures
used to inoculate milk, with metabolism leading to the probiotic and prebiotic
characteristics of the fermented milk product (Santos et al., 2003).

Therefore, the objectives of this study were to determine the optimal kefir
from three kefir grains based on physical, chemical and biological properties and
antioxidant capacity before screening and characterization of lactic acid bacteria and
yeast from kefir using genetic techniques. Optimization of rice milk kefir production
from the optimal kefir grain selected was also performed.

1.2 Objectives

The study objectives were:

1.2.1 To study the characteristics and chemical compositions of
colored rice milk kefir.

1.2.2 Screening and characterization of lactic acid bacteria, acetic acid
bacteria and yeast from kefir using genetic techniques.

1.2.3 Optimization of rice milk kefir production to obtain high
antioxidant kefir.
1.3 Expected outcomes

1.3.1 Obtain knowledge about the various properties of rice milk and
kefir grains.

1.3.2 Obtain knowledge about the genetic technigues used in screening
lactic acid bacteria, acetic acid bacteria and yeast.

1.3.3. Obtain knowledge on optimization of rice milk kefir production
from kefir grains.
1.4 Hypotheses

1.4.1 Different types of rice milk have different functional properties.

1.4.2 Optimization. of rice milk influences physical, chemical and
biological properties.

1.4.3 Optimization of rice milk kefir production has different effects on

the retrieval of bioactive compounds and their activities.



1.5 Scope of research

1.5.1 To source the best possible kefir grain across Thailand by
comparing with standard kefir strain DT 500 I.

1.5.2 Study the optimization of rice milk kefir production.
1.6 Definition of keywords

Rice milk: Rice milk is dairy-free and made from rice. Like soy milk and
almond milk, rice milk is safe for those who suffer from lactose intolerance. Rice milk
is also low in fat, which makes it a good milk substitute for baking.

Kefir: Kefir is an acidic and mildly alcoholic fermented milk with a complex
mixture of bacteria that are confined to a matrix of discrete kefir grains. The bacteria
include various lactobacillus, lactococcus, leuconostoc and acetobacter species and
yeasts (both lactose-fermenting and non-lactose-fermenting).

Probiotics: Probiotics are a dietary fibre that activate the growth of bacteria
having positive effects on the intestinal flora and can improve host health.
(Roberfroid, 2013; Gibson, G. R., & Roberfroid, M. B, 1995).



Chapter 2
Literature Review

2.1 Kefir

Kefir differs from other fermented dairy products in that it is the product of
fermentation of milk in the presence of a mixed group of microflora confined to a
matrix of discrete ‘kefir grains’, which are recovered after fermentation (Marshall and
Cole, 1985). The bacteria and yeasts in kefir grains digest proteins and other
components from milk during the fermentation process. Different original kefir
grains, possessing various species of microorganisms, constitute the key factors
affecting the functional properties of kefir, which has long been considered good for
health.

Table 1 Codex Alimentarius description of kefir*

Definition

Starter culture prepared from kefir grains, Lactobacillus kefiri and species of the
genera Leuconostoc, Lactococcus and Acetobacter growing in a strong specific
relationship. Kefir grains constitute both lactose-fermenting yeasts (Kluyveromyces
marxianus) and non-lactose-fermenting yeasts (Saccharomyces unisporus,

Saccharomyces cerevisiae and Saccharomyces exiguus).

Composition
Milk protein (% wiw) min. 2.8
Milk fat (% m/m) <10
Titratable acidity, expressed as % of min. 0.6
lactic acid (% m/m)
Ethanol (% viw) not stated




Sum of specific microorganisms min. 107
constituting
the starter culture (CFU/g, in total)

Yeasts (CFU/Q) min. 10

*From Codex Standard for Fermented Milks CODEX STAN 243-2003

2.1.1 Chemical composition of kefir

Wszolek et al. (2001) studied the properties of kefir made in Scotland and
Poland using bovine, caprine and ovine milk with different starter cultures. They
found that the chemical composition of kefir ranged from 10.6% to 14.9% for total
solids, 2.9-6.4% for crude protein, 3.8-4.7% for carbohydrate and 0.7-1.1% for ash.

Moreover, the major products formed during fermentation were lactic acid,
CO: and alcohol (Otles and Cagindi, 2003). Farnworth (2005) found that L (+)-lactic
acid was the most abundant organic acid (i.e. the highest concentration) after
fermentation and was derived from approximately 25% of the original lactose in the
starter milk. The amounts of ethanol and CO. produced during the fermentation of
kefir depend on the production conditions.

Sarkar (2008) showed that traditional kefir made from caprine milk had lower
viscosity and sensory properties than bovine kefir and contained 0.04-0.3% ethanol,
while Tratnik et al. (2006) found that the ethanol content in bovine and caprine kefir
enriched with whey protein concentrate was 0.32  and 0.35%, respectively. Lactic
acid, acetic acid, pyruvic acid, hippuric acid, propionic acid, butyric acid, diacetyl and
acetaldehyde were generated during the fermentation process. These compounds
impart the taste and aroma to kefir (Ahmed et al., 2013).

Kesenkas et al. (2011) reported lactic acid, citric acid, pyruvic acid and acetic
acid as 107.80-282.40, 1.79-5.08, 0.17-0.45 and 0.38-0.66 mg/kg, respectively after
28 days of storage.



2.1.2 Characteristics of kefir

The flavor, viscosity and microbial/chemical composition of the final kefir
product can be affected by the size of the inoculums added to the milk, the occurrence
of any agitation during fermentation, and the rate, temperature and duration of the
cooling and ripening stages following fermentation (Koroleva, 1988b). Natural kefir
has a refreshing, yeasty taste and a ‘sparkling’” mouth feel (Kemp, 1984). The
distinctive taste of kefir results from the presence of several flavor compounds that

are produced during fermentation (Beshkova et al., 2003).

2.1.3 Kefir grains

Kefir grains resemble small cauliflower florets: they measure 1-3 cm in length,
are lobed, irregularly shaped, white to yellow-white, and have a slimy but firm texture
(La Rivie're et al., 1967; Kosikowski and Mistry, 1997) (Figure 1).

4 2% bouchons de cac

" 1'\ I‘ ‘ 6
S

diam. sup. " .
W | J

top diam.

Figure 1 Kefir grains
(Farnworth, 2008)

Grains were kept viable by transferring them daily into fresh milk and allowing them
to grow for approximately 20 hr; during this time, the grains increased in mass by
25% (Halle et al., 1994). Grains must be treated in this way to retain their viability,



since old and dried kefir grains have little or no ability to replicate (La Rivie're et al.,
1967).

Kefir grains replicated in milk ‘at home with daily changes of milk’ and stored
for three months either at room temperature or at 48 °C had microbiological profiles
that were different to those of fresh grains (Pintado et al., 1996).

Washing the grains in water also reduced their viability. In a commercial
operation, grains used to produce kefir should be kept viable through daily transfers
and should only be replaced if their ability to ferment milk becomes impaired.
(Koroleva, 1982). Low temperature storage is the best way to maintain kefir grains for
long periods. Garrote et al. (1997) showed that storage of kefir grains at -80 °C or -
208 °C for 120 days did not change their fermentation properties compared to grains
that had not been stored; however, grains stored at -48 °C did not produce acceptable
kefir after thawing. Kefir grains replicated in soy milk were smaller in size compared

to grains replicated in cow milk Liu et al. (2002).

Table 2 Bacteria found in kefir

Bacteria References

Koreleva 1991; Pintado et al. 1996; Kandler
Lactobacillus kefir and Kunath 1983; Takizawa et al. 1994;
Garrote et al. 2001

Lactobacillus delbrueckii Koreleva 1991; Simova et al. 2002; Santos
et al. 2003
Lactobacillus kefiranofaciens Fujisawa et al. 1988; Takizawa et al. 1994;

Santos et al. 2003

Lactobacillus rhamnosus Koreleva 1991; Angulo et al. 1993
Lactobacillus kefirgranum Takizawa et al. 1994
Lactobacillus casei Simova et al. 2002
Lactobacillus parakefir Takizawa et al. 1994; Garrote et al. 2001
Lactobacilli paracasei Santos et al. 2003
Lactobacillus brevis Ottogalli et al. 1973; Simova et al. 2002;

Santos et al. 2003; Angulo et al. 1993

Lactobacillus fructivorans Yoshida and Toyoshima 1994




Lactobacillus plantarum

Garrote et al. 2001; Santos et al. 2003

Lactobacillus hilgardii

Yoshida and Toyoshima 1994

Lactobacillus helveticus

Koreleva 1991; Lin et al. 1999; Simova et
al. 2002

Lactobacillus fermentum

Angulo et al. 1993

Lactobacillus acidophilus

Ottogalli et al. 1973; Santos et al. 2003;
Angulo et al. 1993

Lactobacillus viridescens

Angulo et al. 1993

Lactococcus lactis subsp.

Koreleva 1991; Pintado et al. 1996;
Yuksekdag et al. 2004; Dousset and Caillet
1993; Ottogalli et al. 1973; Simova et al.
2002; Yoshida and Toyoshima 1994;
Garrote et al. 2001; Angulo et al. 1993
Luang-In et al. 2018

Lactococcus lactis subsp. Cremoris

Koreleva 1991; Yuksekdag et al. 2004;
Dousset and Caillet 1993

Streptococcus thermophilus

Yuksekdag et al. 2004; Simova et al. 2002

Enterococcus durans

Rosi 1978; Yuksekdag et al. 2004

Leuconostoc sp.

Angulo et al. 1993

Leuconostoc mesenteroides

Koreleva 1991; Lin et al. 1999; Ottogalli et
al. 1973; Garrote et al. 2001

Acetobacter sp.

Garrote et al. 2001 Luang-In et al. 2018

Acetobacter pasteurianus

Ottogalli et al. 1973 Luang-In et al. 2018

Acetobacter acetia

Rosi 1978




Bacillus sp. Angulo et al. 1993
Micrococcus sp. Angulo et al. 1993
Bacillus subtilis Ottogalli et al. 1973
Escherichia coli Angulo et al. 1993

2.1.4 Functional properties of kefir

The functional properties of kefir are discussed in detail below and a
schematic diagram is presented in Figure 2.

Antimicrobial properties

Kefir has an antibacterial effect against many pathogenic organisms due to the
inherent formation of organic acids, hydrogen peroxide, acetaldehyde, carbon dioxide,
and bacteriocins (Powell et al., 2007). For example, 3.5 kDa bacteriocin was
identified from Lactobacillus plantarum ST8KF in kefir (Powell et al., 2007). The
antibacterial effect of kefir produced from a freeze-dried commercial starter culture
(PROBAT KC3, Danisco, Denmark) was determined against Staphylococcus aureus
(ATCC 29213), Bacillus cereus (ATCC 11778), Salmonella enteritidis (ATCC
13076), Listeria monocytogenes (ATCC 7644), and Escherichia coli (ATCC 8739)
and compared with ampicillin and gentamycin (Colak et al., 2007).

The antimicrobial effect was determined after 24 hr and 48 hr fermentations
and during 7 days of cold storage. Zones of inhibition formed by the antibiotics and
the kefir samples were similar for each pathogen; for example, inhibition zone
diameter for E. coli was 19.5 mm, 18.6 mm, 20.2 mm, and 20.8 mm for 24 hr
fermented kefir, 48 hr fermented kefir, ampicillin, and gentamycin, respectively.
Antimicrobial activity of kefir was as effective as ampicillin and gentamycin while
neither the length of fermentation nor the duration of cold storage significantly
affected the antimicrobial activity (Colak et al., 2007).
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Figure 2 Functional properties of kefir
Adapted from: Guzel-Seydim et al. (2011)

2.2 Morphology of lactic acid bacteria, acetic acid bacteria and yeast
Lactic acid bacteria

The Lactobacillaceae are represented by the genus Lactobacillus, a highly
diverse group of gram positive, microaerophilic bacteria that microscopically appear
as long to short rods or even coccobacilli (Kandler and Weiss, 1986). Species within
this genus are generally catalase-negative, although a few strains decompose peroxide
by -a non-heme-containing pseudo-catalase (Johnston and Delwiche, 1965).
Lactobacillus spp. are either homo- or hetero-fermentative with regard to hexose

metabolism.
Acetic acid bacteria (AAB)

The Acetobacteraceae family is no exception to this reorganization of species
and genera. AAB are considered a lineage within the Acetobacteraceae family, which
is characterized by the ability to produce acetic acid, although some of them are very
weak producers. Eight new AAB genera have been added to the two traditional genera

mentioned above including Acidomonas, Gluconacetobacter, Asaia, Kozakia,
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Saccharibacter, Swaminathania, Neoasaia and Granulibacter (Guillamon and Albert
Mas, 2009).

The most explicitly known and widely applied industrial strains of acetic acid
bacteria belong to the genus Gluconacetobacter. These bacteria occur in vinegar,
sugar cane, flowers and fruits (Brenner et al., 2005). Representatives of this genus are
gram negative aerobic bacteria whose optimal growth is at 30 °C with pH ranging
from 5.4 to 6.3 (Hommel, 2004). Cells of bacteria belonging to the genus
Gluconacetobacter attain shapes from ellipsoidal to more elongated bacilli, usually
straight ones, though slightly bent types also occur. Their sizes range 0.6-1.2 x 1.0-3.0
um. They occur individually, in pairs or short chains. Only parts of the bacteria are
characterized by peri-calcification which provides their motor capacity. They produce
catalase, do not produce oxidase, indole nor hydrogen sulfide, and they do not fluidize
gelatin (Brenner et al., 2005).

Morphology of yeast:

Yeasts are eukaryotic microorganisms classified in the kingdom fungi, with
1,500 species currently described.

Domain: Eucaryota are defined by their enclosed nucleus with a double DNA
strand. They have multiple organelles specialized to each species outside of the
nucleus, such as ribosomes, endoplasmic reticulum and Golgi apparatus (Campbell,
2009).

Kingdom: Fungi are non-vascular, heterotrophic species. They have cell walls
similar to plants but differ from plants because they are made up of chitin. Their
reproduction is very diverse and is how the phylum is classified (Campbell, 2009).
Phylum: Ascomycota can reproduce asexually or sexually. They are classified by
their internal spores called asci, which is the reason why they are commonly known as
sac fungus. Sexual spores are called ascus and asexual spores are called conidia,
which means dust in Greek. These asexual spores are found externally. Fungus in
this phylum can be either single-celled or multicellular. They also have a wide

variety of habitats ranging from marine, to freshwater, to terrestrial (Campbell, 2009).
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2.3 Rice

Rice (Oryza sativa L.) is the world’s most important food crop and responsible
for feeding approximately one-third of the Earth’s population. It is the dietary staple
food in many Asian countries (Shen et al., 2009). Rice yields have increased
dramatically in China, which contributes 31% of the world’s rice production, due to
the introduction of hybrid rice varieties (Li, Salas, DeAngelo, & Rose, 2006).
Recently, many attempts have been made to develop better rice varieties that are rich
in certain functional compounds exhibiting antioxidant activities.

Whole grain rice is the unpolished version of the grains consisting of the germ,
bran, and endosperm, and is also called brown rice. Although widely consumed as
white rice, many special rice cultivars contain color pigments, such as black rice, red
rice and brown rice. Their name refers to the kernel color (black, red or purple) which
is formed by deposits of anthocyanins in different layers of the pericarp, seed coat and
aleurone (Chaudhary, 2003).

Colored rice varieties have also been reported as viable sources of antioxidants
for functional foods (Yawadio, Tanimori, & Morita, 2007). Of these, red rice gained
popularity in Japan as a functional food because of its high polyphenols and
anthocyanin content (Itani and Ogawa, 2004). Before the health beneficial effects of
pigmented rice emerged, Chaudhary (2003) foresaw an upcoming demand of black
rice as an organic food coloring agent, made possible due to the increased production
of black rice.

Black rice has a number of nutritional advantages over common rice, such as a
higher content of protein, vitamins and minerals, although mineral content varies with
cultivar and production location (Suzuki et al., 2004).

The health benefits of whole grain are mainly contributed by one of its major
constituents, the polyphenols. Polyphenols in rice grain can be classified into three
subgroups as (1) phenolic acids, which are the most common secondary metabolite in
cereal grains, (2) anthocyanins, which only exist in black or dark purple grains, and
(3) proanthocyanidins, which mainly consist of catechin and epicatechin block units
in red rice and are considered to be the most effective antioxidants in nature
(Gunaratne et al., 2013; Qiu, Liu, and Beta, 2010).
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Anthocyanin pigments have also been reported to be highly effective in

reducing cholesterol levels in the human body (Lee et al., 2008).

2.3.1 Phenolic acid compasition of rice

Goufo et al. (2014) determined phenolic acids as substances containing a
phenolic ring and an organic carboxylic acid function, with absorption maxima at 280
nm for the C6-C1 skeleton of hydroxyl benzoic acid derivatives (gallic,
protocatechuic, p-hydroxybenzoic, vanillic, and syringic acids) and at 320 nm for the
C6-C3 skeleton of hydroxycinnamic acid derivatives (p-coumaric, ferulic, caffeic,
sinapic, chlorogenic, and cinnamic acids). The phenolic ring can stabilize and
delocalize unpaired electrons, conferring an antioxidant property to phenolic acids.
The antioxidant property notably depends on the number and position of hydroxyl
groups on the phenolic ring (Goffman and Bergman, 2004; Chung and Shin, 2007;
Heuberger et al., 2010).

Two groups of phenolic acids in rice grain are derivates of hydroxybenzoic
acids and hydroxycinnamic acids which can be detected at wavelengths of 260-280
nm and 320-325 nm, respectively (Irakli, Samanidou, Biliaderis, & Papadoyannis,
2012; Jun, Song, Yang, Youn, & Kim, 2012). Hydroxybenzoic acids contain gallic, p-
hydroxybenzoic, salicylic, gentisic, protocatechuic, vanillic, and syringic acids.
Hydroxycinnamic dehydrodisinapic acid (thomasidioic acid) is not present as a
natural product in cereal grains but might be derived from air oxidation during
alkaline hydrolysis (Cai, Arntfield, & Charlton, 1999).Twelve phenolic acids are
usually identified in rice, with their sum ranging from 7.3 to 8.7 mg/100 g in the
endosperm, 177.6 to 319.8 mg/100 g in the bran, 20.8 to 78.3 mg/100 g in the whole
grain;-and 477.6 mg/100 in the husk depending on the rice color (Goufo and Trindade,
2014).

Min et al. (2011) reported phenolics as the major hydrophilic antioxidants in
rice, while carotenoids, tocopherol, and gamma-oryzanols formed the principle
lipophilic antioxidative constituents. Rice is the most studied cereal in animal and
human clinical trials and in food fortification (Fardet et al., 2008). This trend is likely
to increase in the near future as Europe, South America, and Africa are also becoming
interested in the antioxidant potentials of their rice varieties. Wanyo et al. (2016)
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revealed that Thai pigmented rice had high gamma-oryzanol and alpha-tocopherol
content when treated at different temperatures, with also a significant increase in
extracted phenolic acids, flavonoids, and antioxidant properties, while Setyaningsih et
al. (2010) found the ultrasound assisted-extraction method to be effective for

extraction of melatonin from rice grain.

2.3.2 Anthocyanin composition of rice

Anthocyanins are a class of flavonoids that exhibit maximum absorbance in
the green/blue spectrum at 510 nm. They are water-soluble glycosides of
polyhydroxyl and polymethoxyl derivatives of 2-phenylbenzopyrylium or flavylium
(2-phenylchromenylium) salt (Zhang et al., 2006).

To date, about 18 anthocyanins have been identified in rice, of which only
four have been quantified (cyanidin-3-O-glucoside, peonidin-3-O-glucoside,
cyanidin-3-O-rutinoside, and cyanidin-3-O-galactoside) as presented in Table 3. Mean
value of the sum of the four anthocyanins in pigmented rice varieties was 1,252.7
mg/100 g and 345.8 mg/100 g for the bran and whole grain, respectively, while the
anthocyanin content of rice varied more widely than the phenolic acid content (Goufo

and Henrique Trindade, 2014).

Table 3 Anthocyanin compounds in rice

Anthocyanin Compounds (mg/100 g DW)
Color and rice | cyanidin-3-O- peonidin-3-O- 3-O-rutinoside | cyanidin-3-
parts glucoside glucoside O-
galactoside
Pigmented rice 9.1-2640.4 11.4-534.1 3.17-96.62 2.93-50.00
bran
Pigmented 0.8-784.3 2.9-162.1 13.78-19.90 NA
rice whole grain
Non pigmented 7.36 0.96-2.41 6.19 NA
rice bran
Non pigmented NA NA NA NA
rice whole grain

Goufo and Henrique (2014)
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2.4 Antioxidants

Antioxidants are substances that may protect cells from damage caused by
unstable molecules known as free radicals. Free radical damage may lead to cancer.
Antioxidants interact with and stabilize free radicals and may prevent some of the
damage free radicals may cause. Examples of antioxidants include carotenoids as -
carotene (Em-on Chairote et al., 2008). The antioxidant capacity of fruits, vegetables,
and beverages is commonly determined using in vitro assay methods. In most fruits
and vegetables, the antioxidant capacity of the hydrophilic components is higher than

the lipophilic components (Wu et al., 2004).

2.4.1 Antioxidant activities of kefir

Kefir is a potent antioxidant that interacts with a wide range of species directly
responsible for oxidative damage. The anti-oxidative activity of kefirs may be
attributed to their proton-donating ability. Kefirs are potential candidates for the role
of useful and natural antioxidant supplements in the human diet (Liu et al., 2005).
Significant variations occur among the antioxidant properties of kefir samples
produced from different cow/soy milk mixtures in relation to soy milk ratio in kefir
milk. The threshold soy milk level for significant antioxidative activities was found to
be 50% (Kesenkas et al., 2011).

Unfermented soy milk demonstrated a greater DPPH radical-scavenging
activity than unfermented milk. Immediately following addition of kefir grains to the
milk and soy milk, the DPPH radical-scavenging activity increased, indicating that
some components of the antioxidants contained in the kefir grains were transferred to
milk and soy milk (Liu: et al.,2005). The reducing power of both milk and soy milk
was increased significantly by kefir fermentation. Some milk-derived proteins and

peptides demonstrated levels of antioxidative activity (Ye etal., 2000).

2.4.2 Antioxidant compound determination
Different methods have been employed to determine antioxidant compounds.
Sreeramulu et al. (2009) found that in vitro antioxidant activities of rice generally

significantly correlated with their antioxidant compound contents.
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Studies by Min et al., (2011), Chen et al. (2012) and Pitija et al. (2013) found
that phenolic acids possessed higher antioxidant activities than anthocyanins. Phenolic
compounds also showed higher reducing power compared with alpha-tocopherol
(Laokuldilok et al., 2011). These factors determined the choices of method selection

as detailed below.

2.4.3 Ferric reducing antioxidant power (FRAP), 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and total phenolic content

A ferric-ferrozine method of antioxidant capacity measurement has been
developed for simple, low-cost, and versatile assay of food antioxidants. In the
presence of ferrozine (FZ) ligand, ferric ion easily oxidizes antioxidants and is itself
reduced to Fe (I1)-FZ, yielding a very high molar absorptivity in the order of 2.8 x 10*
L mol-tcm™ that enhances sensitivity for most antioxidants (Berker et al., 2010).

Electron transfer (ET) based assays generally set a fixed time for the
concerned redox reaction and measure thermodynamic conversion (oxidation) during
that period. ET-based assays include 2,2’-azino-bis-3 ethylbenzthiazoline-6-sulphonic
acid (ABTS)/Trolox equivalent antioxidant capacity (TEAC), DPPH (though the first
two assays are considered as mixed HAT/ET-based assays by some researchers),
Folin-Ciocalteu reagent (FCR), FRAP, ferricyanide, and CUPRAC (CUPric Reducing
Antioxidant Capacity) using different chromogenic redox reagents with different
standard potentials. The reducing capacity of a sample is not directly related to its
radical scavenging capability but it is a very important parameter of antioxidants. The

reaction equations of various ET-based assays can be summarized as follows:

Folin: Mo (VI) (yellow) + e— (from AH) — Mo(V) (blue) (Halliwell & Gutteridge,
1989),

where the oxidizing reagent is a molybdophosphotungstic heteropoly acid comprised
of 3H,0-P205-13W03-5M003-10H20 (heteropoly anion: P2MosW130g2%), in which
the hypothesized active center is Mo (VI) with Amax = 765 nm.

FRAP: Fe (TPTZ); 3 + ArOH — Fe(TPTZ), 2* + ArO" + H
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(Pandey et al., 2010), where TPTZ: 2,4,6-tripyridyl-s-triazine ligand with Amax = 595
nm.
DPPH: DPPH" + ArOH — DPPH +ArO° + H* (Huang et al., 2005),

where DPPH?- is the [2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl] stable radical with

Amax =515 nm.

DPPH is a stable radical with a deep purple color whose reaction with other
radicals, reducing agents, or compounds capable of hydrogen atom transfer (HAT)
leads to loss of color at 515 nm and loss of its electron paramagnetic resonance (EPR)
free radical signal (Papariello and Janish, 1966; Blois, 1958). Like ABTS+e, DPPH«
reacts with both electron and hydrogen donors (Barclay et al., 1999; Litwinienko and
Ingold, 2003), though more slowly, and steric accessibility to the radical site is a clear
issue (McGowan et al., 1959; Hogg et al., 1961).

No antioxidant assay is simpler or less expensive to run than the DPPH assay,
which accounts for its popularity and extensive use. The only requirements are the
reagent, some cuvettes, and a UV-vis spectrophotometer which is found in even the
most rudimentary laboratories. DPPH crystals were dissolved in MeOH or EtOH,
initial DPPHe absorbance was recorded, an aliquot of the test antioxidant was added,
the mixture was incubated for 30 min, and the final absorbance was recorded. The
reaction was measured as (A0 — Af) and antioxidant activity was reported either as
ICso (the antioxidant concentration required to reduce the DPPH absorbance by half)

or % loss or original absorbance or EPR signal (Apak et al., 2013).

2.5 Extraction of phytochemicals and optimization of processes for kefir

production

Several conventional extraction techniques have been reported for the
extraction of polyphenols from rice bran including solvent extraction (Chotimarkon,
Benjakul & Silalai, 2008; Igbal, Bhanger & Anwar, 2005), supercritical fluid
extraction (Shen et al., 1997) and microwave-assisted extraction (Zigoneanu et al.,

2008). Disadvantages of conventional solvent extraction include long extraction
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times, and large solvent consumption. Disadvantages of supercritical fluid extraction
are higher cost of the equipment and blockage in the systems as a result of the
presence of water in the sample (Camel, 2000). With the development of the ‘‘Green

b

chemistry’” concept during the last few years, environment-friendly techniques are

becoming increasingly more attractive.

Extraction of bioactive compounds under ultrasound irradiation (20-100 KHz)
is one of the upcoming extraction techniques that offers high reproducibility in a
shorter time, simplified manipulation, reduced solvent consumption and temperature
and lower energy input (Chemat, Tomao & Virot, 2008).

The economic feasibility of an industrial process also requires working in such
a way that high extraction efficiency is attained. Many factors have been established
to influence extraction efficacy, such as extraction methods, solvent type, solvent
concentration, extraction temperature and extraction time (Pinelo et al., 2005; Banik
& Pandey, 2007; Silva, Rogez & Larondelle, 2007).

Bartnik, Mohler and Houlihan (2006) suggested methanol as a suitable
extraction solvent to attain good yields of phenolic compounds. Environmentally
benign and non-toxic food grade organic solvents like ethanol, n-butanol and
isopropanol are recommended by the US Food and Drug Administration for
extraction purposes

Process, optimization can be achieved by either empirical or statistical
methods (Liyana-Pathirana and Shahidi, 2005; Juntachote et al., 2006). The empirical
method-is known as the one-factor-at-a-time approach, in which one factor is varied
while all other factors are kept constant (Bas and Boyaci, 2007). The major
disadvantage of this method is that it does not include interactive effects among the
variables studied. As a consequence, this technique does not depict the complete
effects of the parameter on the response. ‘Another disadvantage of one-factor
optimization is the increase in the number of experiments necessary to conduct the
research, which leads to an increase in time and expenses as well as an increase in the
consumption of reagents and materials (Bezerra et al., 2008).

Response surface methodology (RSM) enables evaluation of variable effects
and their interactions on response variables. Thus, RSM as a collection of statistical
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and mathematical techniques has been successfully used for developing, improving
and optimizing processes (Bartnik, Mohler and Houlihan, 2006). The most common
designs as central composite design (CCD) and Box-Behnken design (BBD) of
response surface methodology have been widely used in various experiments. Box—
Behnken, a spherical and revolving design, has been applied in optimization of
chemical and physical processes because of its reasoning design and excellent
outcomes (Sun et al., 2010).

Both traditional and industrial processes are used for kefir production. Food
scientists are currently studying modern techniques to produce kefir with the same
characteristics as those found in traditional kefir. Kefir can be made from any type of
milk, cow, goat, sheep, coconut, rice or soy. There are many choices for milk such as
pasteurized, unpasteurized, whole fat, low fat, skim and no fat (Semih Otles & Ozlem
Cagindi, 2003).

Kefir grains are the key ingredient in kefir production. However, the finished
product has a different microbiological profile from the grain and therefore cannot be
used to inoculate a new batch of milk. The complex microbiological composition of
kefir grains explains why .it is difficult to obtain a starter with the optimal and
constant composition necessary for regular kefir production of standard quality
(Mainville et al., 2006). Using defined cultures to produce kefir is in progress toward
standardizing kefir production (Marshall and Cole, 1985).

Taiwanese researchers have shown that lactic acid bacteria from kefir grains
grow more slowly in soy milk compared to cow milk. This may be due in part to the
slower production of growth factors at the beginning of fermentation when soy milk is
the substrate rather than cow milk. Addition of carbohydrate (e.g. 1% glucose) to soy
milk -increased yeast numbers, lactic ‘acid production and ethanol production,
compared to kefirproduced from soy milk alone (Liu and Lin 2000).

Gao et al. (2012) suggested optimal culture conditions as skim milk
concentration 41.6%, temperature 30.05 °C, inoculation amount 1.86%, time, 20 hr
and shaker rotating speed 0 r/min, with efficient growth rate. Skim milk
concentration, temperature and inoculation amount are also significant factors for
biomass production. They used response surface methodology to optimize biomass
production.
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A series of experiments conducted by Zajsek, Gorsek, & Kolar (2013)
determined that fermentation temperature, agitation rate, and choices of carbon
sources, nitrogen sources, vitamins and minerals were factors that most affected
production of kefiran by kefir grains lactic acid bacteria. The 24 hr kefiran production
from kefir grains was maximized at 25 °C and agitation rate of 80 rpm. Addition of
lactose, thiamine, and FeCls sustained a high degree of kefiran production. Their
results suggested that the production of exopolysaccharide kefiran from kefir grains
can be enhanced dramatically by controlling culture conditions and modifying the

composition of the milk medium.
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Chapter 3

Materials and Methods
3.1 Materials
3.1.1 Rice
Thali rice cultivars used in this study were unpolished waxy colored rice
varieties including black jasmine rice (Khao Nin), red jasmine rice (Khao Dang) and
white jasmine rice 105 (Khao Hom Mali 105) from Kalasin, Thailand. The whole

grain of the rice was used for the study.

Black jasmine rice Red jasmine rice White jasmine rice 105

Figure 3 Rice Samples

3.1.2 Kefir
Kefir Culture DT 500 | was purchased from Danisco, Poland. Thai kefir
cultures were purchased from Kamphaeng Phet and Nonthaburi Provinces, Thailand
as homemade milk kefir products. The starter cultures were grown in pasteurized milk
(Dutch mill) and incubated at room temperature for 24 hr before cooling at 4 °C until

required for use.
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Figure 4 Thai kefir culture

3.1.3 Reagents and chemicals

Standard materials, chemical reagents and all solvents of the highest
commercial grade were purchased from Merck Millipore. The major materials,
chemicals and reagents used in this study are listed below.

Folin-Ciocalteau reagent, 2,2,-diphenyl-1-pricrylhydrozyl (DPPH), gallic acid,
methanol, NaOH- phosphate buffer (pH 7), sodium carbonate, MRS, Bromocresol
purple, GYC agar, YPD agar, kanamycin, cybersafe, PCR kit, PCR purification kit
markers, lactic acid, acetic acid, ethanol and sulfuric acid. These chemicals were

purchased from Sigma Aldrich.

3.2 Kefir and rice milk preparation
3.2.1 Kefir preparation and production

Kefir cultures were sourced from Kamphaeng Phet and Nonthaburi Provinces,
Thailand. They were sub cultured and incubated in pasteurized cow milk (Dutch mill
selected) at room temperature for 24 hr and then kept at 4 °C until required for use.
The kefir cultures were inoculated with inoculum at 3% w/v in rice milk. Following
this, the kefir cultures were incubated at room temperature. Fermentation was carried
out for 24 hr and 48 hr until attainment of pH 4.5. Milk kefir was the inoculum and
rice milk was the substrate, using a combination of aerobic and anerobic fermentation.

The samples were freeze-dried before using for further analysis.
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3.2.2 Preparation of rice milk

Rice milk was prepared using black rice, white rice and red rice cultivars. The
ratio used in the preparation of rice milk was 1:5 w/v with soaking for 24 hr. Rice
milk was prepared using a blender and ultrasonicated using a Sonics Vibra Cell
Ultrasonicator (20 KHz) with tip diameter (25 mm), intensity (low), volume (500-
1,000 ml), amplitude (70%) and time (5 min).

Following this, the rice milk was pasteurized at 75° C for 15 min and filtered
through cheesecloth. After filtration, the rice milk was analyzed for physical,

chemical and biological properties.

3.3 Properties of kefir produced from the three rice milk samples
3.3.1 Methods to determine the physical properties
The pH values of the samples were determined using a digital pH meter (Ezdo
PL-600), while viscosities were measured using a viscometer (Syncherd-Lectric,

Brookfield) and reported in centipoises (cps).

3.3.2 Methods used in determining chemical properties

Volatile and non-volatile compounds were analyzed using the following
methods.

3.3.2.1 Total phenolic content

Chemical preparation: Folin-Ciocalteau reagent and deionized water (1:10), sodium
carbonate with a concentration of 7%, gallic acid with a concentration of 10 mg/ml.
The chemicals were prepared as follows. Sodium-carbonate anhydrous 7% was
prepared by adding 7 g of sodium carbonate in 100 ml water and gallic acid of

concentration 1,000 pg/mil.

Method: Total phenolic content of rice milk kefir was determined by the modified
method of Singleton and Ross (1965) using Folin-Ciocalteu reagent. Briefly, 12.5 pl
of rice milk kefir was added in a 96-well microplate reader and 12.5 pl of Folin-
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Ciocalteu reagent (1:10) was added with 12.5 pl of water. The mixture was allowed to
stand for 6 min at room temperature and then 7% sodium carbonate (125 ul) and 100
Ml deionized water were added and the mixture was allowed to stand for 90 min.
Absorbance was measured at 765 nm using a microplate reader. De-ionized water was
used as the blank. The amount of total phenolic was calculated using the Gallic Acid

Calibration Curve.

3.3.2.2 DPPH free radical scavenging

Chemical preparation: To prepare stock solution of DPPH with a concentration of
10 pg/ml, 1 mg of DPPH was added to 10 ml of methanol and the volume was made
to 100 ml by adding methanol before covering with aluminum foil and storing at -20
°C. For DPPH with concentration of 0.1 pg/ml, 1 ml of stock solution was pipetted
and added with 100 ml of methanol.

Method: Antioxidant activity of rice milk kefir was evaluated through the free
radical scavenging effect on 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical. The
determination was based on the method followed by Akowvah et al. (2010). Briefly,
100 ul of DPPH solution was added to 50 pl of sample using methanol as the control.
The mixture was incubated for 30 min in a dark room at room temperature.
Absorbance was measured at 517 nm using a microplate reader. Methanol was used as
a blank.

The standard of DPPH was prepared as 10, 20, 30, 40, 50, 60, 70, 80 and 90
png/ml. Absorbance was measured at 517 nm using a microplate reader and a graph

was plotted.

3.3.2.3 Determination of Ferric Reducing/Antioxidant Power Assay (FRAP)

Chemicals ‘preparation: The FRAP assay was performed following Benzie and
Strain (1999) with slight modifications. FRAP reagent was prepared as follows;
0.0270 g of ferric chloride was added to 5 ml of distilled water and mixed. Then,
acetate buffer 300 mM was prepared by adding 2.4609 g of sodium acetate in water
and the pH was adjusted to 3.6. HCI 40 mM was prepared in the ratio 1:1 with, water
and then 0.66 ml was pipetted and added with 99.44 ml water. An aliquot of 10 mM
2, 4, 6-tripyridyl-s-triazine (TPTZ) solution was prepared by adding 2, 4, 6-tripyridyl-
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s-triazine 0.0156 g in 5 ml of 40 mM HCI, 300 mM of acetate buffer, 10 mM TPTZ,

and 20 mM iron (I11) chloride solution.

Method: The prepared FRAP reagent was used for the experiment as follows. An
aliquot of 20 ul of sample was added to 1.50 ul of FRAP reagent. The mixture was
mixed thoroughly and was incubated in the dark for 30 min. Absorbance was
measured at 595 nm using a microplate reader. The standard curve (r 2 = 0.9995) for
FRAP was plotted with the absorbance at 595 nm. The standard concentration was
prepared as 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 pug/ml. The calibration curve was drawn with
concentration of FeSO4.7H20 along the X axis and OD as the y axis. Values obtained
were expressed in pg/ml of ferrous equivalent Fe (I1) per pg of sample.

3.3.2.4 Instrument and chromatographic conditions (GC-MS)

Volatile compounds present were determined by gas chromatography mass
spectrometry using a Shimadzu GCMS-QP2010NC Instrument. The conditions were

as follows:

Column: CP wax 52 CB, Column Oven Temp: 50.0 °C, Injection Temp: 230.00 °C,
Injection Mode: Split, Injection volume: 20 ul, Flow Control Mode: Linear Velocity,
Pressure: 53.6 kPa, Total Flow: 14.0 ml/min, Column Flow: 1.00 ml/min, Linear
Velocity: 36.3 cm/s, Purge Flow: 3.0 ml/min, Split Ratio: 10.0, High Pressure
Injection: OFF, Carrier Gas Saver: OFF Splitter Hold: OFF

Oven Temp

Rate: 10 °C/min, Temperature: (°C) 50.0-220 and Hold Time: (min) - 5.0-10.00 min.

Working standard was prepared by mixing the primary standard (250 pul) and
methanol (750 pl) in a 1-ml vial. Then, certain portions of WS-I (10, 20, 40 and 80
pl) were withdrawn and added with methanol (990, 980, 960 and 920 pl) in a 1-ml
vial. This mixing step yielded working standard concentrations of 5, 10, 20 and 40

ng/ul.
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3.3.2.5 Instrument and chromatographic conditions (HPLC)

Non-volatile compounds present were determined using a Shimadzu HPLC CTO-

10AS Instrument. The conditions were as follows.

Injection volume: 1 pl, Column: Aminex HPX-87H, Column size: 300 x 7.8 mm in
the control, Column temperature: 50 °C, Mobile phase: 0.005 M sulfuric acid, Flow
rate:  0.60 ml/min, Run time: 40 min, Wavelength: 210 nm and Detector: UV

detector.

3.3.2.6 Determination of gamma-aminobutyric acid (GABA) content

GABA content was determined using high-performance liquid
chromatography (HPLC) as described previously. Briefly, 0.5 g of sample was
suspended in 12 ml distilled water. The suspension was stirred at 4 °C for 16 hr.
Independent extractions were performed for each replicate. Samples were centrifuged
at 15,000 rpm at 10 °C for 20 min. The supernatant was vacuum-dried and then
dissolved in 500 pl of distilled water. The samples were then vacuum-dried,
reconstituted in 500 pl of 0.1 M ammonium acetate pH 6.5 (mobile phase A), and
centrifuged at 13,000 rpm at 10 °C for 5 min. The supernatants were passed through a
0.22 pm nylon filter. HPLC analyses were performed using an Alliance Separation
Module 2695 (Waters, Milford, USA), equipped with a Photodiode Array Detector
2996 (Waters). Samples (20 ul) were injected onto a C18 Altima (250 x 4.6 mm i.d.,
5 um particle size) column equipped with a guard column, both thermostated at 40
°C. The chromatograms were developed at a flow rate of 0.7 ml/min by eluting the
sample in mobile phase A (0.1 M ammonium acetate pH 6.5), and mobile phase B
(0.1 M ammonium acetate, acetonitrile, methanol, 44/46/10, v/v/v, pH 6.5) as follows:
isocratic flow. 100% A for.15 min, gradient flow from 100% A to 100% B for 27 min,
isocratic flow 100% B for-8 min, and finally equilibrated with 100% A for 5 min.
Data acquisition and integration were performed using Empower 11 software (Waters).
GABA was identified by retention time and spiking the sample with a standard
solution. GABA content was quantified by using an external GABA standard

calibration curve with a linear range over 0-240 pg/pl. All analyses were carried out
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in duplicate. Results were expressed in mg of GABA/100 g of sample on a dry matter
basis (d.m.) (Chunchom, Talubmook & Deeseenthum, 2017).

3.3.2.7 Determination of alpha-tocopherol content

Alpha-tocopherol analysis was determined using reversed-phase high-performance
liquid chromatography (RP-HPLC) method as described previously. The Shimadzu
HPLC system (model L-6200A) equipped with a photodiode array detector and a
computer system was applied. Briefly, detection was operated at 292 nm,
simultaneously. Spectra from 250 to 600 nm were recorded for all peaks. The samples
were injected through a guard column and separated on a C18 column (4.60 x 150
mm, 4 um). Gradient elution at ambient temperature was used. Mobile phase A was
methanol, mobile phase B was water, and mobile phase C was butanol. The gradient
used was 0-12 min 92% A, 4% B, and 4% C, 12-25 min linear gradient from 4% B to
3% B, and 4% C to 5% C with flow rate of 1.5 ml/min and injection volume of 20 pl.
The tocopherol was detected at 292 nm. Chromatograms were recorded, and peak
areas were used to calculate the content of alpha-tocopherol compared with the
standard solutions. The results were expressed in mg of alpha-tocopherol/100 g of

sample on a dry matter basis (d.m.) (Chunchom, Talubmook & Deeseenthum, 2017).

3.3.3 Methods to determine the biological properties

3.3.3.1 Microbial population

Microbiological analyses were carried out to determine kefir
microflora in all kefir samples fermented from three types of rice milk. Samples were
serially diluted and plated on MRS agar + 0.05% Bromaocresol purple (BCP) plates to
isolate lactic acid bacteria (LAB), containing 2 g/l meat extract, 4 g/l yeast extract, 10
g/l peptone from casein, 1. ml- Tween 80, 2.5 g/l K:HPO4, 5 g/l sodium acetate, 2 g/l
diammonium hydrogen citrate, 0.2 g/l magnesium sulfate heptahydrate, 0.038 g/l
manganese sulfate monohydrate, 20 g/l glucose and 15 g/l agar at pH 6.5. To isolate
acetic acid bacteria (AAB), GYC agar was used (10 g/l yeast extract, 50 g/l D-
glucose, 30 g/l calcium carbonate and 15 g/l agar at pH 6.8). To isolate yeasts the
serial dilutions were plated on YPD agar plates (10 g/l peptone from casein, 5 g/l
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yeast extract and 15 g/l agar, and 20 g/l dextrose at pH 6.5). For single colony
identification, the streak plate technique was carried out five times. Colonies of
bacteria and yeast were studied based on gram staining and then observed under the
microscope. Colonies were reported as CFU/m.
3.4 Optimization of rice milk kefir production

The best kefir grain and best rice variety selected from the previous methods
were used for the optimization of rice milk kefir production.
Two types of variation were carried out:

1. Variation of incubation temperature: 25-30 °C.

2. Variation of inoculation rate: 2.5-5 % (w/v).

3.4.1 Experimental design

Central composite rotatable design (CCRD) was used with two factors to generate.
Two factors were varied. Inoculation rate was varied at 2.5-5 %w/v and temperature
for fermentation was varied between 23 °C and 30 °C.

After fermentation, the physical, chemical and biological properties were
studied.
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Table 4 Experimental design of rice milk kefir production with code values and actual

values

Run Factor 1 Factor 2
Inoculation rate Incubation
(%) temperature

(°C)

1 2.5 27.5

2 3 25

3 3 30

4 4 23.96

5 4 27.5

6 4 27.5

7 4 21.5

8 4 31.0

9 5.4 27.5

10 5 25.0

11 5 30

3.5 Biodiversity of microorganisms in kefir grains using genetic technique

In this study, “isolates of lactic acid bacteria, acetic acid bacteria and yeast

were selected based on their -morphology. Based on the results, isolates were

characterized as bacterial or yeast isolates. Following this, DNA isolation was

performed following the procedure below.
3.5.1 Genomic DNA isolation

For DNA isolation, bacteria overnight cultures (1 ml) were centrifuged at

8,000 g for 5 min. The pellet was washed with 1 ml TE buffer containing 1 mM
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EDTA and 10 mM Tris at pH 8 and centrifuged again. The pellets were stored at 20
°C. Total DNA isolation was performed from bacterial pellets using the Bacterial
Genomic DNA isolation kit (Vivantis, Malaysia) according to the manufacturer’s
instructions. Isolated DNA was amplified using the restriction fragment length

polymorphism (RFLP) genetic technique following the procedure below.

3.5.2 RAPD-PCR

Markers used were random application of polymorphic DNA (RAPD)
fragments with single primers of arbitrary sequences. The primer used was M13V (5"-
GTTTTC-CCA-GTC-ACG-AC-3"). The PCR reaction (25 ul) contained v25 pmol of
primer M13V, 0.2 mM each deoxynucleoside triphosphate, 3.5 mM MgCl., reaction
buffer, 0.75 U Taq polymerase, and 1 pl of DNA solution. Approximately the same
amount of DNA (50-100 ng) was used. PCR kit used was purchased from Vivantis,
Malaysia. The amplification program was 94 °C for 45 s, 3 cycles of 94 °C for 3 min,
40 °C for 5 min, 72 °C for 5 min, and 32 cycles 94 °C for 1 min, 60 °C for 2 min, 72
°C for 3 min. All PCR products were mixed with 5 pl 6X DNA loading dye
(Fermentas) and then electrophoretically separated in 1.3% (w/v) agarose gel (0.5X
Tris-borate-EDTA buffer [45 mM Tris-borate, 1 MM EDTA]) (Anna et al., 2011).

3.5.3 Sequence analysis and phylogenetic tree construction
Sequence similarity values between the isolate and related taxa were retrieved
from GenBank using BLAST (Basic Local Alignment Search Tool). The phylogenetic
tree was evaluated by bootstrap analysis (1,000 copies) using the software package
MEGA 5.0 (Molecular Evolutionary Genetics Analysis, Version 5.0), and the
neighbor-joining method at 1,000 bootstrap replications (Kumar, Tamura, & Nei,
2004).

3.6 Data analysis

4.1 All experiments were conducted with three replications.

4.2 Mean and standard deviations were reported from triplicate determinations
for each sample.
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4.3 Data were analyzed by one-way ANOVA using SPSS.
4.4 Significant difference was considered at the level of p<0.05 using

Duncan’s new multiple range test:
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Chapter 4

Results and Discussions
4.1 Rice milk preparation analysis
Rice milk was prepared by ultrasonic and blender extraction methods based on
the conditions mentioned in Chapter 3. The ultrasonic extraction method was
determined as the most efficient for extraction of volatile compounds by breaking the

cells. The results are given below.

4.1.1 Gamma-oryzanol and alpha-tocopherol content in rice milk varieties
Gamma-oryzanol and alpha-tocopherol content in black jasmine rice, red jasmine rice
and white jasmine rice 105 from Kalasin, Thailand were analyzed using two methods.

Table 5 shows the amounts of gamma-oryzanol and alpha-tocopherol.

Table 5 Estimation of gamma-oryzanol and alpha-tocopherol

Sample Gamma-oryzanol Alpha-tocopherol
(mg/ml) (mg/ml)
Blender extraction Ultrasonic Blender Ultrasonic
extraction extraction extraction
White rice 0.09+0.005 B¢ 0.33+0.01748 0.04+0.000 BC 0.10+0.011278
Red rice 0.08+0.0578P 0.11+0.005° 0.05+0.0017°4 0.05+0.00204P
Black rice 0.13+0.001BB 0.17+0.004A¢ 0.06+0.01095B 0.11+0.0064A¢

Means in horizontal lines with different letters are significantly different (p<0.05)

The ultrasonic extraction method was found to be effective for extraction of gamma-

oryzanol and alpha-tocopherol contents. Extraction yield was improved using the

ultrasonic extraction method.
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4.1.2 Volatile compound identification using GC-MS
Based on the results from GC-MS, ethanol, tris(dimethylamino) methane,
benzeneethanamine, cystine, propanoic acid, acetic acid, 1-H-purin-6-amine,
methoxyacetic acid, ethylene oxide hexamer, methyl ester and dimethyl ester were
found in variable amounts among Thai rice milk and cow milk kefir samples. Ethanol
was found in all types of milk kefir in a greater amount compared with other

compounds. The results are given below.



Table 6 Volatile compounds present in white rice milk at 0 to 24hr fermentation using ultrasonic extraction and blender extraction methods.

Volatile compounds Formula 1 Formula 2 Formula 3 Formula 4 Formula 5

0 hr 24 hr Ohr 24hr Ohr 24hr 0hr 24 hr 0hr 24 hr
Amino acids
Tris(dimethylamino)methane 20.94  nd. nd. 1742  9.70 nd. 99.75 1460 nd. nd.
Cystine nd. nd. nd. nd. nd. 73.97  nd. nd. nd. 8.30
Alcohols
Ethanol nd. nd. nd. 82.49 nd. nd. nd. 85.33 nd. 91.66
Glycerin nd. 2.32 285 nd. nd. nd. nd. nd. nd. nd.
Benzenemethanol nd. nd. 0.01 nd. nd. nd. nd. nd. nd. nd.
Hexadecamethyl nd. nd. 0.02 nd. nd. nd. nd. nd. nd. nd.
Hexane nd. nd. nd. 0.01 nd. nd. nd. nd. nd. nd.
Dodecamethyl nd. nd. 0.03 nd. nd. nd. nd. nd. nd. nd.
1-(5-Bicyclo[2.2.1]heptyl)ethylamine nd. 91.08 ~ nd. nd. nd. nd. nd. nd. nd. nd.
Benzeneethanamine nd. nd. nd. nd. nd. nd. 0.20 nd. 85.52 nd.
Butane-2,3-diol nd. nd. nd. nd. nd. nd. nd. nd. 4.56 nd.
(3R)-Heptanol nd. nd. nd. nd. nd. nd. 0.05 nd. nd. nd.
1H-Purin-6-amine nd. nd. nd. nd. nd. nd. nd. nd. 0.07 nd.



Butane nd. nd.
Glycyl alcohol nd. nd.
Tetradecamethyl nd. nd.
Acids

Propanoic acid nd. 6.46
3-Nonenoic acid 0.01 nd.
Undecanoic acid nd. nd.
dI-3-Aminobutyric acid nd. nd.
Cyclopropanetetradecanoic acid nd. 0.05
9,12,15-Octadecatrienoic acid 0.01 nd.
3-Nonenoic acid nd. 0.02
Acetic acid nd. nd.
Palmitinic acid nd. nd.
8-Methoxyoctanoic acid nd. nd.

nd.
nd.
0.03

nd.

nd.
nd.
0.01
nd.
nd.
nd.
0.01
nd.

nd.

nd.
nd.
nd.

nd.

0.01
nd.
nd.
nd.
nd.
nd.

nd.

nd.
nd.
nd.

nd.

nd.
nd.
nd.
nd.
nd.
nd.
nd.

nd.

nd.
nd.
nd.

20.01

nd.
nd.
nd.
nd.
nd.
nd.

nd.

nd.
nd.
nd.

nd.

nd.
nd.
nd.
nd.
nd.
nd.

nd.

nd.
nd.
nd.

nd.

nd.
nd.
nd.
nd.
nd.
nd.

nd.

1.99
2.65
nd.

nd.

nd.
nd.
nd.
nd.
nd.
nd.
5.14
nd.

nd.
nd.
nd.

nd.

nd.
nd.
nd.
nd.
nd.
nd.
nd.

0.01
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Formula 1 (White rice milk): Kamphaeng Phet (Ultrasonicator)

Formula 2 (White rice milk): Nonthaburi (Blender)

Formula 3 (White rice milk): Nonthaburi (Ultrasonicator)

Formula 4 (White rice milk): DT 500 I (Blender)
Formula 5 (White rice milk): DT 500 I (Ultrasonicator)
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Table 7 Volatile compounds present in black rice milk kefir at 0 to 24 hr fermentation using ultrasonic extraction and blender extraction

methods.

Volatile compounds Formula 1 Formula 2 Formula 3 Formula 4 Formula 5

P 0hr 24 hr 0hr 24 hr 0hr 24 hr 0 hr 24 hr 0 hr 24 hr
Amino acids
Tris(dimethylamino)methane nd. nd. 81.01 nd. 11.85 nd. nd. 8.97 nd. nd.
Cystine nd. 16.78 nd. nd. nd. nd. 16.81  nd. nd. 15.31
Esters
Octaethylene glycol monododecyl ether ~ 32.51 = nd. nd. nd. nd. nd. nd. nd. nd. nd.
dimethyl ester nd. nd. 0.03 nd. nd. nd. nd. nd. nd. nd.
Alcohols
Ethanol nd. 83.13 nd. 99.98 nd. 99.92 nd. 90.97 nd. 84.65
2.,4-decadienal 0.81 nd. nd. nd. nd. nd. nd. nd. nd. nd.
Cyclohexane 0.46 nd. nd. nd. nd. nd. nd. nd. nd. nd.
1-Hexen-4-ol nd. nd. 0.02 nd. nd. nd. nd. nd. nd. nd.
Hexadecamethyl nd. nd. nd. nd. nd. 0.02 nd. nd. nd. nd.
Butane 0.09 nd. nd. nd. nd. nd. nd. nd. nd. nd.
1H-Purin-6-amine 0.26 0.02 nd. nd. nd. nd. 0.01 nd. 0.01 nd.
Benzeneethanamine nd. nd. nd. nd. nd. nd. nd. nd. 0.02 0.02
Hexadecanoic acid 1.19 nd. nd. nd. nd. nd nd. nd. nd. nd.
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Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
Volatile compounds
0.hr 24 hr 0 hr 24 hr 0hr 24 hr 0hr 24 hr 0 hr 24 hr
Acids
Methoxyacetic acid, nd. nd. nd. nd. nd. 0.01 nd. nd. nd. nd.
3-Deoxyhexonic acid nd. nd. nd. nd. nd. 0.01 nd. nd. nd. nd.
Hexanoic acid 0.06 0.02 nd. nd. nd. nd. nd. nd. nd. nd.
Butanoic acid nd. nd. nd. nd. nd. nd. nd. nd. 0.01 nd.

Formula 1(Black rice milk):-Kamphaeng Phet (Ultrasonicator)
Formula 2 (Black rice milk): Nonthaburi (Blender)

Formula 3 (Black rice milk): Nonthaburi (Ultrasonicator)
Formula 4 (Black rice milk): DT 500 | (Blender)

Formula 5 (Black rice milk): DT 500 I (Ultrasonicator



Table 8 Volatile compounds present in red rice milk kefir at 0 to 24 hr fermentation using ultrasonic extraction and blender extraction
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methods.

Volatile compounds Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
P 0hr 24 hr 0hr 24 hr 0hr 24 hr 0 hr 24 hr 0hr 24 hr

Amino acids
Tris(dimethylamino)methane 4.81 18.63 nd. 16.9 24.64 1118 10.83 nd. 1991 nd.
Arginine 0.24 nd. nd. nd. nd. nd. nd. nd. nd. nd.
Cystine nd. nd. nd. nd. nd. nd. nd. 6.14 nd. nd.
Ethers
Ie—ltﬁgtaethylene glycel monododecyl nd. nd. nd. nd. nd. 0.02 nd. nd. nd. nd.
Alcohols and Amines
Ethanol nd. 81.33 nd. 83.01 nd. 88.75 nd. 93.85 nd. 95.57
2,3-Butanediol nd. nd. nd. nd. nd. 3.11 nd. nd. nd. nd.
Benzeneethanamine 0.27 nd. nd. nd. nd. nd. nd. nd. nd. 4.41
1H-Purin-6-amine 0.28 nd. nd. nd. nd. nd. nd. nd. nd. nd.
2,5-Dimethyl-1-hepten-4-ol nd. 0.01 nd. nd. nd. nd. nd. nd. nd. nd.
Phenethylamine 0.24 nd. nd. nd. nd. nd. nd. nd. nd. nd.
Butanoic acid 0.24 nd. nd. nd. nd. nd. nd. nd. nd. nd.
Hexadecanoic acid nd. nd. nd. nd. nd. 0.02 nd. nd. nd. nd.
Tetracosanoic acid nd. nd. nd. nd. nd. 0.01 nd. nd. nd. nd.



Volatile compounds Formula 1 Formula 2 Formula 3 Formula 4 Formula 5

0hr 24 hr 0hr 24 hr 0hr 24 hr 0 hr 24 hr 0 hr 24 hr

5-Aminohexanoic acid nd. nd. nd. nd. nd. 0.03 nd. nd. nd. nd.
Pentanoic acid 0.17 nd. nd. nd. nd. nd. nd. nd. nd. nd.
3,5-Dihydroxydecanaic acid nd. nd. nd. nd. nd. 0.01 nd. nd. nd. nd.
beta-Ethoxypropionic acid 0.17 nd. nd. nd. nd. nd. nd. nd. nd. nd.
Thiosulfuric acid 0.19 nd. nd. nd. nd. nd. nd. nd. nd. nd.

Formula 1 (Red rice milk): Kamphaeng Phet (Ultrasonicator)
Formula 2 (Red rice milk): Nonthaburi (Blender)

Formula 3 (Red rice milk): Nonthaburi (Ultrasonicator)
Formula 4 (Red rice milk): DT 500 I (Blender)

Formula 5 (Red rice milk): DT 500 I (Ultrasonicator)
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Table 9 Volatile compounds present in cow milk kefir at 0 to 24 hr fermentation using ultrasonication and blender methods.

Formula 1 Formula 2 Formula 3 Formula 4 Formula 5

Volatile compougi@ls 0hr 24 hr 0hr 24 hr 0hr 24 hr 0 hr 24 hr 0hr 24 hr

Aldehydes

Heptenyl acrolein nd. nd. nd. nd. 0.21 nd. nd. nd. nd. nd.
Ethylene oxide cyclic tetramer nd. nd. nd. nd. nd. 3.80 nd. nd. nd. nd.
Ethylene oxide hexamer nd. nd. nd. nd. nd. 8.98 nd. nd. nd. nd.

1-Methoxy-3-(2-

) ) nd. nd. nd. nd. 0.04 nd. nd. nd. nd. nd.
trimethylsilyloxyethyl)octane
methyl ester nd. nd. nd. nd. nd. nd. nd. nd. nd. 0.11
12-Crown-4 0.01 nd. nd. nd. nd. nd. nd. nd. nd. nd.
Alcohols
Ethanol nd. 91.59 nd. nd. nd. nd. nd. nd. nd. 69.27
3-Hexanol nd. nd. nd. nd. 0.02 nd. nd. nd. nd. nd.
4 5-Octanediol 0.01 nd. nd. nd. nd. nd. nd. nd. nd. nd.
1H-Purin-6-amine nd. 0.01 nd. nd. nd. nd. nd. nd. 0.01 nd.
1-Propanol nd. nd nd. nd. nd. nd. nd. nd. nd. 0.14

2-Formylhistamine nd. 8.56 nd. nd. nd. nd. nd. nd. nd. nd.
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Volatile compounds Formula 1 Formula 2 Formula 3 Formula 4 Formula 5

0 hr 24 hr Ohr 24hr 0 hr 24 hr Ohr 24hr Ohr 24hr
Orgqnlc Aud nd. nd. nd. nd. 0.08 nd. nd. nd. nd. nd.
Acetic acid
Propanoic acid nd. 0.01 nd. nd. nd. nd. nd. nd. nd. nd.
Octadecanoic acid nd. 0.04 nd. nd. nd. nd. nd. nd. nd. nd.
Cyclohexanecarboxylic acid nd. nd. nd. nd. nd. nd. nd. nd. nd. 0.03
Carbazic acid nd. nd. nd. nd. nd. nd. nd. nd. nd. 0.11
Tris(dimethylamino)methane nd. nd. nd. nd. 35.92 70.58 nd. nd. nd. 29.56
Benzoic acid nd. 0.01 nd. nd. nd. nd. nd. nd. nd. nd.

Formula 1(Cow milk): Kamphaeng Phet (Ultrasonicator)

Formula 2 (Cow milk): Nonthaburi (Blender)

Formula 3 (Cow milk): Nonthaburi (Ultrasonicator)

Formula 4(Cow milk): DT 500 | (Blender)

Formula 5 (Cow milk): DT 500 I (Ultrasonicator)



Based on the results obtained from various methods, kefir from Nonthaburi
showed higher antioxidant content with more volatile compounds than kefir from

Kamphaeng Phet. Hence kefir from Nonthaburi was selected for further studies.

4.2 Study of characteristics of cow and rice milk kefir prepared by
ultrasonication method fermented with Nonthaburi kefir grain

4.2.1 Physical properties
Physical property analyses were performed using a pH meter and a viscometer. The
pH of cow milk kefir from Nonthaburi was highest after 24 hr of fermentation. Cow
milk kefir from Nonthaburi also had the highest viscosity of 7 cps. Higher pH in cow
milk kefir may also explain why LAB can grow better in rice milk. The results are

given below.

Table 10 pH and viscosity of milk kefir fermented with Nonthaburi grain

Milk type pH Viscosity (Cp)
0 hr 24 hr 48hr 0hr 24 hr 48 hr
Cow 6.29 5.74 5.60 6.8 7.0 6.9
White 4.74 4.79 4.56 18 1.6 15
rice
Red rice 4.90 4:80 4.74 1.6 1.6 1.6
Black rice |~ 5.04 4.65 4.05 2.2 13 12

Magalhdes et al. (2011) studied whey-based beverages. They observed a sharp
decrease in pH during the first 28 hr, from an initial value of 6.1 to 4.3 at 28 hr, for all
the substrates. Moreover, Motaghi et al. (1997) reported that kefir manufactured by
adding 5% Iranian kefir grains and incubation times of 12, 24, 36, 48, 60 and 72 hr
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had pH values in the range 2.98 to 4.00. Also, a study by Sarkar (2008) showed that
traditional kefir made from caprine milk had low viscosity and sensory properties,

unlike those of bovine kefir.

4.2.2 Chemical properties
e Total phenolic content analysis
Total phenolic content of kefir with different fermentation times in three varieties of
rice milk was performed. Highest content was found in black rice with the lowest
content in cow milk. Results revealed that kefir fermented for 24 hr showed
significant antioxidant activity compared to 0 hr and 48 hr. Results are presented in
Table 4.7

Table 11 Total phenolic content of milk kefir fermented with Nonthaburi grain during
48 hr of fermentation

Milk type (mg GAE/mI)
0 hr 24 hr 48 hr
Cow 0.15+0.006 0.47+0.027 0.17+0.017
White rice 0.32+0.006 0.46+0.014 0.18+0.021
Red rice 0.36+0.024 0.52+0.025 0.52+0.057
Black rice 0.32+0.020 0.63+0.058 0.69+0.058

Significant difference (p<0.05)
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Satir and Guzel-Zeydim (2015) reported that feeding regimes and breed type are
significant parameters that determine the functional properties of goat milk and kefir.
They found total antioxidant capacity and phenolic substances in goat hair samples
were noticeably higher than in Saanen breed samples and cow milk. They concluded
that kefir made from goat milk had higher bacterial populations including probiotics
and more bioactive compounds (total antioxidant capacity and phenolic substances)
than kefir produced from cow milk due to the genetic features and botanical

differences in feeding regimes.

4.2.3 Biological properties
e Microbial population
Microbiological analysis were carried out to determine kefir microflora in two types
of kefir grains, fermented with three types of rice milk and cow milk. The results of
lactic acid bacteria, acetic acid bacteria and yeast population in kefir from Nonthaburi,
Thailand fermented for 24 hr and 48 hr with three varieties of rice milk and cow milk

are given below.

Table 12 Microbial population of milk kefir fermented with Nonthaburi grain during
48 hr of fermentation

Yeast Lactic acid Acetic acid bacteria
(CFU/mI) bacteria (CFU/ml)
(CFU/mI)
Milk type
24 hr 48 hr 24 hr 48 hr 24 hr 48 hr

Cow - - 2.2x107 | 2.5x107 5.0x10° 1.0x10%°
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White rice i i 6.1x108 | 1.3x10%° 7.1x10° 1.4x10%0
Red rice - - 4.9x107 | 1.4x101 5.0x108 1.4x10%1
Black rice - - 3.2x107 | 2.7x104 3.6x107 2.9x107

Tamang & Thapa (2006) revealed that lactic acid bacteria, yeasts and other bacteria
play a dominant role in fermenting cereal-based foodstuff by secreting different
hydrolytic enzymes and producing sugars, organic acids, vitamins and other bioactive

substances.

Furthermore, Angulo, Lopez, & Lema (1993) and Ottogalli, Galli,
Resmini, & Volonterio (1973) found Bacillus sp. along with Lactobacilli, acetic acid
bacteria or yeasts in milk kefirs from Spain, while Chen, Wang, & Chen (2008), Zhou
et al. (2009) and Magalhaes et al. (2010) found Lactobacillus species and yeasts
prevalent in kefirs. Interestingly, Cruz et al. (2000) found that B. subtilis produced
lactate, acetate, acetoin, ethanol, succinate and 2,3-butanediol from substrates of
glucose and pyruvate during anaerobic metabolism. Moreover, a study by Vijitra
Luang-In and Sirirat Deeseenthum revealed that only Bacillus spp. was identified in

Thai milk kefir from Kamphaeng Phet Province, Thailand.

e Antioxidant activity by DPPH scavenging and Ferric Reducing
Antioxidant Power assay
DPPH scavenging analysis of kefir from Nonthaburi with different
fermentation times of three varieties of rice milk was performed. Highest activity was
found in'red rice and lowest was recorded for cow milk. The data are shown in Table
4.9.

Also, FRAP analysis was performed for kefir at different fermentation times
of 0-48 hr. Results in Table 4.9 show that black rice had the highest activity.




Table 13 DPPH of milk kefir fermented with Nonthaburi grain during 48 hr of

fermentation

Milk type DPPH
(% scavenging)
0 hr 24 hr 48 hr
| 55.19+0.01 56831002 | 67.21+0.02
Whigrge 87.9720.00 87.97+0.00 | 85.79:0.00
Requ@ 89.07+0.01 86.33+t0.01 | 85.24+0.01
Blagkyrite 87.9740.01 84.15:0.01 | 80.87+0.01

Significant difference (p<0.05)

Table 14 FRAP of milk kefir fermented with Nonthaburi grain during 48 hr of

fermentation

Milk type FRAP
(ug FeSO4/ml)
Ohr 24 hr 48 hr
Cow 2.55+0.044 2.92+0.043 | 2.59+0.063
White rice 2.73+0.023 | 2.61+0.073 | 2.83+0.093
Red rice 2.75+0.0378 | 2.90+0.059 | 2.92+0.049
. 2.66+0.059 2.51+1.225 | 3.19+0.39
Black rice

Significant difference (p<0.05)
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4.3 Modeling by response surface methodology

Based on the results of antioxidant activities, volatile compounds and
microbial population analyses, ultrasonication was determined as the most suitable
method. Kefir from Nonthaburi and black rice milk optimization were performed
using two factors of inoculum size (3-5%) and incubation temperature (25-30 °C). For

optimization, central composite design was used with 11 runs.

The responses (total phenolic content and antioxidant activities) of each experimental
design run are presented below. Coded and decoded values of independent variables
for each experiment are also presented. Total phenolic content of black rice milk kefir
extracts varied from 0.4-0.6 (mg GAE/ml). FRAP and scavenging of DPPH radical
assays were used to determine the antioxidant activity of the extracts. As shown in
Tables 23 and 24, activity values varied from 1.4-1.7 pg FeSQa4/ml, 81-86% for FRAP
and DPPH assays, respectively. The pH ranged from 4.8 to 5.2, while viscosity ranged
from 1.8-2.3 cps.

4.3.1 Physical property analyses after optimization
Physical property analyses after optimization were performed using a pH
meter and a viscometer. The highest pH was found in inoculum 5% and 30 °C.

Highest viscosity was also found with the same condition. Results are given below.

Table 15 pH and viscosity of optimized kefir

Run
(Inoculum, Temp) pH Viscosity
(cps)
2.5%, 275 °C 4.95 2.26
3%, 25 °C 5.24 2.32
3%, 30 °C 4.86 1.84
4%, 23.9 °C 4.92 2.27




4%, 27.5 °C 4.95 2.28
4%, 27.5 °C 4.93 2.23
4%, 27.5 °C 4.97 2.26
4%, 31 °C 4.90 1.92
5.4%, 27.5°C 4.97 2.24
9%, 25 °C 5.23 2.36
9%, 30 °C 5.25 2.38

4.3.2 Chemical property analyses after optimization
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Chemical properties of optimized kefir were analyzed using GC-MS and total

phenolic content. The results are given below.

4.3.2.1 Effect of process variables on volatile compounds

Black rice milk kefir from Nonthaburi was selected and

optimization was performed using RSM. Eleven runs were conducted by varying the

inoculum rate (2.5%-5%w/v) and incubation temperature (25 °C-30 °C). Compounds
were identified using a GC-MS Shimadzu GCMS- QP2010NC Instrument, with

results shown below.

Table 16 GC-MS profile of optimized kefir

Run Compound name Retention Area%
(Inoculum, time (min)
Temp)
2.5%, 1. Propiolic acid 1.90 0.60
275°C 2. Ethanol 2.71 2.36
3. Cyclobutanol 7.18 49.68
4. 2-Butanone, 3-hydroxy- 9.69 3.70
5. Acetic acid 12.12 8.28
6. 2,3-Butanediol 13.90 211
7. 2-Undecanol 20.75 0.01
8. 1,2,3-Propanetriol 21.63 2.53
9. 3,3Bis(carbamino)diaziridine 24.66 1.60
3%, 25 °C 1. Ethanol 2.67 1.12
2. Tris(dimethylamino)methane 7.21 53.04




3. 2-Butanone, 3-hydroxy- 9.68 2.06
4. Acetic acid 12.12 4.07
5. 2,3-Butanediol 13.89 2.64
6. 4H-Pyran-4-one, 2,3- 21.25
dihydro-3,5-dihydroxy-6-
methyl- 21.63 2.78
7. 1,2,3-Propanetriol 26.34 7.20
8. Octadecanoic acid 27.77 541
9. Heptadecene-(8)-Carbonic
Acid
3%, 30 °C 1. Nitrogen oxide 1.88 0.65
2. Ethanol 2.69 1.71
3. Benzeneethanamine, 2,5- 7.09 47.59
difluoro-beta,3,4-trihydroxy-
N-methyl
4. 2-Butanone, 3-hydroxy- 9.66 2.98
5. Acetic acid 12.12 7.07
6. 2,3-Butanediol 13.89 3.56
7. 4H-Pyran-4-one, 2,3- 21.27 0.47
dihydro-3,5-dihydroxy-6-
methyl
8. 1,2,3-Propanetriol 21.63 3.15
4%, 23.9 1. Ethanol 2.70 2.24
°C 2. Cyclobutanol 7.16 40.98
3. 2-Butanone, 3-hydroxy- 9.69 3.40
4. Acetic acid 12.11 9.37
5. 2,3-Butanediol 13.8 2.93
6. 2-Hydroxypropanoic acid 20.3 35.50
7. 1,2,3-Propanetriol 21.64 3.13
8. 3,3- 24.62 1.75
Bis(carbamino)diaziridine
4%, 27.5 1. Ethanol 2.67 5.88
°c 2. Benzeneethanamine, 2,5- 7.12 65.20
difluoro-beta,3,4-trihydroxy-
N-methyl
3. 2-Butanone, 3-hydroxy 9.67 21.8
4. Acetic acid 12.13 6.78
4%, 27.5 1. Propiolic acid 1.88 1.08
°C 2. Ethanol 2.69 3.81
3. (9)-(+)-1- 7.10 33.18
Cyclohexylethylamine
4. 2-Butanone, 3-hydroxy 9.66 4,63
5. Acetic acid 12.11 9.48
6. 2,3-Butanediol 13.90 3.83
7. 1,2,3-Propanetriol 21.62 5.47
8. Benzene, 1,1'-(1,1,2,2- 22.01 2.87

tetramethyl-1,ethanediyl)bis




Run Compound name Retention Area%
(Inoculum, time (min)
Temp)
4%, 31 °C 1. Ethanol 2.71 1.66
2. Benzeneethanamine, 2,5- 7.10 45.15
difluoro-beta,3,4-trihydroxy-
N-methyl
3. 2-Butanone, 3-hydroxy 9.69 2.89
4. Acetic acid 12.12 6.35
5. 2,3-Butanediol 13.87 3.52
6. (S)-2-Hydroxypropanoic 20.34 36.35
acid
7. 4H-Pyran-4-one, 2,3- 21.26 0.40
dihydro-3,5-dihydroxy-6-
methyl-
8. 1,2,3-Propanetriol 21.63 3.68
5.4%, 27.5 1. Ethanol 2.71 3.32
°C 2.1-(5 7.12 44.23
Bicyclo[2.2.1]heptyl)ethylamine
3. 2-Butanone, 3-hydroxy- 9.68 11.37
4. Acetic acid 12.12 5.74
5. 2,3-Butanediol 13.88 3.10
6. 2-Furanmethanol 14.85 1.60
7. (S)-2-Hydroxypropanoic acid 20.34 26.98
8. Glycerin 21.63 1.26
9. Propyl-1-D1 Hexyl Ether 24.61 2.40
5% 1. Docosanoic acid 2.18 0.91
25°C 2. Ethanol 2.71 0.80
3. Tris(dimethylamino)methane 6.99 70.54
4. 2-Butanone, 3-hydroxy- 9.63 1.51
5. Acetic acid 12.12 291
6. 2,3-Butanediol 13.89 1.22
7.. Propanoic acid, 2-hydroxy- 20.34 10.66
8. Octane 21.23 0.46
9. 1,2,3-Propanetriol 21.61 2.07
10. 2-Furancarboxaldehyde, 5- 23.39 8.44
(hydroxymethyl)-
11. Hexadecanoic acid 30.62 8.44
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4.3.2.2 Effect of process variables on total phenolic content

Total phenolic content of black rice milk kefir extracts obtained after
optimization are shown in Table 17.

Final equation in terms of actual factors

Total phenolic content = -2.42704 + 0.135591% Incubation temperature
=-2.42704 + 0.75572 x Inoculation percentage

=-2.42704 + 0.003 x Incubation temperature x Inoculation

percentage
=-2.42704 - 0.00313 x Incubation temperature”2

=-2.42704 - 0.10208 x Inoculation percentage”2

Table 17 Total phenolic content of optimized kefir

Run Total phenolic content
(Inoculum, Temp) (mg GAE/mI)
2.5%, 27.5 °C 0.47+0.17
3%, 25 °C 057£0.15
3%,30 °C 0.35+0.85
4%, 23.9 °C 0.68+0.95
4%,27.5 °C 0.69+0.05
4%, 27.5°C 0.66+0.07
4%, 275 °C 0.61+0.05
4%, 31 °C 0.62+0.04
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Run Total phenolic content
(Inoculum, Temp) (mg GAE/mI)
5.4%, 27.5°C 0.50+0.07
5%, 25 °C 0.62+0.15
5%, 30 °C 0.43+0.03
07
E 0.6125
2 0525 N =
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§ 0.4375
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2875

27.50
2525 A Incubation temperature

Figure 5 Response surface plots for the effect of (a) Incubation temperature, and (b)

Inoculation percentage on the total phenolic content (TPC).
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4.3.3 Biological property analyses after optimization
4.3.3.1 Effect of process variables on microbial population
The populations of acetic acid bacteria, lactic acid bacteria and yeast were
studied. There was no growth of yeast. Typically, yeast can grow on kanamycin but
bacteria cannot. Our results showed growth of lactic and acetic acid bacteria.
Population results are given below.

Final equation in terms of actual factors

Acetic acid population = 45.11886 - 3.22812 x Incubation temperature
=45.11886 + 3.358234 x Inoculation percentage

=45.11886 - 0.20921 x Incubation temperature x Inoculation
percentage

=45.11886+ 0.072723 x Incubation temperature”2

=45,11886 + 0.300796 x Inoculation percentage”2

Final equation in terms of actual factors

Lactic acid population = 30.51368 - 1.98589 % Incubation temperature
=30.51368 +1.802981x% Inoculation percentage
= 30.51368 - 0.11035 xIncubation temperature x Inoculation
percentage
= 30.51368 + 0.044003 % Incubation temperature”2

= 30.51368 + 0.169132 x Inoculation percentage”2



Table 18 Microbial population of optimized kefir
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Sample Yeast Lactic acid bacteria | Acetic acid bacteria
Inoculum (w/v), Temp °C CFU/mlI (CFU/ml) (CFU/ml)
2.5%, 27.5 5.6x10° 6.6 x10°
3%, 25 2.66x10’ 2.23x10’
3%, 30 9 x10’ 8.9 x10’
4%, 23.9 1.22x107 2.2110’
4%, 27.5 9.8x10° 1.x10°
4%, 27.5 8.8x10° 5.6x10°
4%, 27.5 8.7x10° 6.6x10°
4%, 31 9.90x10° 1.12x107
5.4%, 27.5 - 8x10° 8.910°
5%, 25 - 2.23x108 2.21x108
5%, 30 - 6.x10’ 7.2x10°
“ g
o
; 8025
<

30.00

4.00

3.50
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Figure 6 Response surface plots for the effect of (a) Incubation temperature, and (b)

Inoculation percentage on population of lactic acid bacteria.



4.3.3.2 Effect of process variables on ferric reducing antioxidant power assay
Ferric reducing power assay was performed to optimize kefir. The condition

4%, 31 had the highest activity. Results are given below.

Final equation in terms of actual factors

FRAP  =-1.44745 + 0.087783 x Incubation temperature
=-1.44745 + 0.971844 x Inoculation percentage
=-1.44745 - 0.016 x Incubation temperature x Inoculation percentage
=-1.44745 - 0.00063 x Incubation temperature”2
= 1.44745 -0.06146 x Inoculation percentage”2

Table 19 FRAP assay analysis of optimized kefir

Sample
Inoculum (w/v), Temp °C Hg FesO.Q

2.5%, 27.5 1.50+0.04
3%, 25 1.52+0.07
3%, 30 1.44+0.12
4%, 23.9 1.63+0.31
4%, 27.5 1.65%0.26
4%, 27.5 1.67%0.03
4%, 27.5 1.58+0.11
4%, 31 1.70£0.26
5.4%, 27.5 1.6040.21
5%, 25 1.69+0.09
5%, 30 1.45+0.13
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Figure 7 Response surface plots for the effect of (a) Incubation temperature, and (b)

Inoculation percentage on FRAP assay.

4.3.3.3 Effect of process variables on antioxidant activities

e Effect of process variables on DPPH analysis
DPPH analyses were performed for optimized kefir. Highest activity was

found in condition 5%, 30, with results shown below.

Final equation in terms of actual factors

DPPH  =173.7313 - 3.36638 x Incubation temperature
= 173.7313 - 24.1559 x Inoculation percentage
=173.7313 + 0.461 x Incubation temperature % Inoculation percentage
= 173.7313 + 0.0332331 % Incubation temperature”*2

= 173.7313 + 1.357708 x Inoculation percentage”2
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Table 20 DPPH analysis of optimized kefir

Sample
Inoculum (w/v), Temp ° C (% Scavenging)

2.5%, 27.5 85.203+0.17
3%, 25 84.888+0.05
3%, 30 84.888+0.32
4%, 23.9 81.110+0.04
4%, 27.5 80.519+0.07
4%, 27.5 82.999+0.31
4%, 27.5 82.802+0.06
4%, 31 82.172+0.53
5.4%, 27.5 82.684+0.39
5%, 25 81.897+0.12
5%, 30 86.501+1.64

86.5

85

835

DPPH

80.5

5.00 30.00

27.50

3.50 726.25

B: Inoculation percentage
3.00 25.00

A: Incubation temperature

Figure 8 Response surface plots for the effect of (a) Incubation temperature, and (b)

Inoculation percentage on DPPH scavenging activity.
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Gao et al. (2012) demonstrated that response surface methodology was effective in
increasing kefir biomass production. They reported that optimal culture conditions
were skim milk concentration 41.6%, temperature 30.05 °C; inoculation amount,
1.86%; time, 20 hr and shaker rotating speed 0 r/min, giving a growth rate of 14.33%,
39.4% more than initial. They also revealed that concentration, temperature and

inoculation amount were significant factors for biomass production.

Moreover, Tabaraki and Nateghi (2011) studied ultrasonic technology
for extraction of polyphenols and antioxidants from rice bran. They used response
surface methodology (RSM) to optimize the experimental variables such as ethanol
concentration (%v/v), extraction temperature (C) and extraction time (min). Results

indicated that RSM was successful in optimizing the extraction conditions.

4.4 Biodiversity of microorganisms in kefir grains
4.4.1 Cell morphology
There was growth on all three media. On MRS + 0.05% Bromocresol
purple there was growth of gram positive bacteria. On YPD there was growth

of gram negative bacteria and on GYC there was growth of gram negative

bacteria.
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(Gram positive bacteria)
Figure 9 Morphology of bacteria
To confirm the presence of yeast, kanamycin 150 pg/150 ml was added to

YPD agar plates. After the addition of kanamycin, there was no growth, confirming

no presence of yeast.
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Table 21 Cell morphology characteristics of bacterial isolates

Isolate Gram stain Morphology
Al Gram positive(+) Spherical cells
A2 Gram positive(+) Rod shaped cells
A3 Gram positive(+) Rod shaped cells
A4 Gram positive(+) Round shaped cells
A5 Gram positive(+) Spherical cells
Ab Gram positive(+) Round shaped cells
A7 Gram positive(+) Spherical cells
A9 Gram positive(+) Rod shaped cells
Al10 Gram positive(+) Rod shaped cells
All Gram positive(+) Round shaped cells
Al2 Gram positive(+) Spherical cells, short
chains
L3 Gram positive(+) Spherical cells, short
chains
L4 Gram positive(+) Spherical cells, short
chains
L6 Gram positive(+) Spherical cells, short
chains
L7 Gram positive(+) Spherical cells, short
chains
L9 Gram positive(+) Spherical cells, short
chains
L10 Gram positive(+) Spherical cells, short
chains
L11 Gram positive(+) Spherical cells, short
chains
L12 Gram positive(+) Spherical cells, short

chains
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L13 Gram positive(+) Spherical cells, short
chains

L14 Gram positive(+) Spherical cells, short
chains

L15 Gram positive(+) Spherical cells, short
chains

A = Acetic acid, L = Lactic acid

Lactococci are typically spherical or ovoid cells of size 1.2 um by 1.5 pm,

occurring in pairs and short chains. They are gram positive, non-motile and do not

form spores.

Table 22 Microbial enumeration on three different media agars

Medium agar

Microbial enumeration

Selected colonies/Total colonies

MRS + BCP 3.6x10° 27/36
GYC 3.6x10° 12/36
YPD nd. 0

4.4.2 Detection and identification of bacterial isolates

The selected PCR products were purified and sequenced. All 36 isolates were
successfully sequenced, aligned with BLAST, and bacteria were identified to species
level. Based on the PCR and gel electrophoresis results, out of the 36 isolates, 23 pure

isolates were detected at 1,500 bp. Bacterial DNA were identified based on the size of

the bp.
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Figure 10 Bands generated from gel electrophoresis detection: 1,500 bp.

4.4.3 ldentification of microorganisms

The microflora of kefir from Nonthaburi were analyzed based on the
procedure of Anna et al. (2011). A total of 36 isolates were obtained and bacteria
showing differences in their RAPD patterns were identified by 16 rDNA. The 23
bacterial isolates showing different RAPD patterns and 12 different bacterial species
were identified as Lactococcus lactis strain Unkn111, Lactococcus lactis strain CAU:
2674, Lactococcus lactis strain RPWL3, Lactococcus lactis subsp. lactis strain
NM146-2, Bacillus sp. strain abc48, Bacterium MRG-IF-3, Lactococcus lactis strain
AF13, Lactococcus lactis strain PON37, Lactococcus lactis strain RCBA476,
Lactococcus lactis strain KLDS4.0602, Lactococcus lactis strain HadRami9 and
Lactococcus lactis subsp. lactis strain UC77. Out of these 12 species, 10 species were
Lactococcus and 1 Bacillus. These species showed differences in their RAPD pattern,
as shown below. The identity and possible origin of 10 different species are shown in

the appendices.

4.4.4 Microbial diversity of kefir (Nonthaburi, Thailand)
Based on the neighbor-joining method using the Tamura-Nei model (Tamura
& Nei, 1993) with 1,000 bootstrap replications, a phylogenetic tree of 10 Lactococcus
spp. was generated from the PCR-amplified bacterial 16S rDNA genes (ca. 900 bp).

The scale bar represents 0.05% estimated distance in the figure below.
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Figure 11 Phylogenetic tree of Lactococcus sp.

Camu et al. (2008) and Gulitz et al. (2011) stated that the use of different
media can be justified because cultivation and enumeration of AAB from natural

environments is sometimes considered problematic.

Pintado et al. (1996) and Witthuhn et al. (2004) reported that the use of a
single medium gave very dissimilar results (from 0 to 108 CFU/ g). Therefore, the
combined use of some selective culture media was suggested to provide a more
complete picture of the culturable portion of AAB in kefir grains (Camu et al., 2008;
Papalexandratou et al., 2011). Furthermore, Leite et al. (2013) reported that diversity
in the macroscopic and microscopic views of kefir grains may be due to the origin of
the grains sharing the kefir grain ecosystem.

Garofalo et al. (2015) found that Lb. kefiranofaciens was the main bacterial
species found in Italian kefir grains and Dekkera anomala was the predominant yeast.
They revealed the presence of the sub-dominant species ascribed to St. thermophilus,
Lc. lactis and Acetobacter genera. In addition, they also identified Lc. lactis,
Enterococcus sp., Bacillus sp., A. fabarum, A. lovaniensis and A. orientalis as part of
the cultivable community. This confirmed the importance of the combination of
culture-independent and culture-dependent approaches when studying microbial
diversity in food, and how the combination of multiple 16S rRNA gene targets

strengthens taxonomic identification by sequence-based identification approaches.
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Chapter 5

Conclusions
The characteristics and chemical compounds present in Thai rice milk and cow milk
kefir were studied. Our results indicated that the pH ranged between 4.5 and 6, while
viscosity ranged from 1.5 to 7 cps. The ultrasonication method was the most effective

for extraction of volatile compounds and antioxidant activities.

It was found that rice milk kefir (p<0.05) exhibited significantly higher
antioxidant activity than cow milk kefir. DPPH scavenging was recorded between
55% and 89%, while results from FRAP assay were found between 2.5 and 3 (ug
FeSO4/ml) and total phenolic content ranged at 0.1 to 0.6 (mg GAE/ml).

Microbial analysis showed the presence of acetic acid bacteria and lactic acid
bacteria in both rice milk and cow milk kefir from Nonthaburi but no presence of
yeast. No lactic acid bacteria and yeast were found in rice milk and cow milk kefir
from Kamphaeng Phet. Results from GC-MS analysis showed the presence of acids,
amino acids and alcohols in variable amounts in both rice milk and cow milk kefir
from Kamphaeng Phet and Nonthaburi, Thailand. Ethanol and acetic acid were found
in almost all types of rice milk kefir. Our optimization of antioxidant activity by
response surface methodology revealed that two factors as inoculation percentage and
incubation temperature can modify phenolic contents and acetic acid bacteria
population. Optimal conditions were incubation temperature 27.5 °C and inoculation
percentage 4%.

Our findings revealed that volatile.compounds in Thai rice milk kefir were
potential antioxidants. Antioxidant rice milk kefir produced by RSM optimization can
also be considered as a nutritional food additive containing probiotics or as a cosmetic

ingredient.
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1. Preparation of reagents for Total Phenolic content

a. Preparation of 10% Folin-Ciocalteu reagent: A 10% Folin-Ciocalteu reagent was
prepared by diluting 10 mL of Folin-Ciocalteu reagent in 900 mL of deionized water.

b. Preparation of 10% Sodium carbonate: A 10% sodium carbonate solution was
prepared by dissolving 10.0502 g of 99.5% Na2CO3 in 100 mL of deionized water.

c.Preparation of standard Stock (2 mg mL-1) gallic acid: Standard stock solution (2
mg mL-1) of gallic acid was prepared by dissolving 0.051g of 98% gallic acid and
made up to ending volume with deionized water in 25 mL volumetric flask.

2. Preparation of reagents for Free- radical scavenging activity (DPPH) assay

a. Preparation of 0.1 mM DPPH (MW= 394.33): A 0.1 mM DPPH was prepared by
dissolving 0.0232 g of 85% DPPH in 500 mL and made up to volume with methanol
in 500 mL volumetric flask.

b. Preparation of Stock standard 2 mg ml-1 BHA: Stock standard solution (2 mg mL-
1) of BHA was prepared by dissolving 0.0521 g of 96% BHA and made up to volume
with methanol in 25 mL volumetric flask.

3. Preparation of reagents for Ferric reducing antioxidant power (FRAP) assay

a. Preparation of 300 mM Sodium acetate buffer, pH 3.6: A 0.025 M sodium acetate
buffer (pH 3.6) solution was prepared by dissolving 24.624 g of CH3COONa+3H20
in 500 mL of deionized water. The pH value of 0.3 M of the solution was adjusted by
using CH3COOH and made up to volume with deionized water in a 1000 mL
volumetric flask.

b. Preparation of 10 mM TPTZ (MW= 312.32): A 10 mM TPTZ solution was
prepared by dissolving 0.0789 g of 99% TPTZ in 25 mL and made up to volume with
40 mM HCI in 25 mL volumetric flask.

c. Preparation of 20 mM Ferric chloride (MW= 162.21): A 20 mM ferric chloride
solution was prepared by dissolving 0.1655 g of 98% FeClI3 in 50 mL and made up to
ending volume with deionized water in 50 mL volumetric flask.

d. Preparation of 40 mM Hydrochloric acid (MW= 36.441; 37%; d=1.19): A 40 mM
hydrochloric acid was prepared by dilute 3.30 mL of 37% HCI in 1000 mL and made
up to volume with deionized water in 1000 mL volumetric flask.

e. Preparation of 10 mM Ferrous sulphate: Standard stock solution of 10 mM FeSO4
was prepared by dissolving 0.0140 g of 99% FeSO4+7H20 in 5 mL and made up to
ending volume with methanol in 5 mL volumetric flask.
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Figure C: GC-MS Output of Run 3

88



i 20 BNU_23 9.qa1

31345

2 H
AAL A Iy
10 i ' ! Il;.u " '
Peakst R Time LTime F.Time Area Areaty Height  Height®s AH Mark  Name
1 1.900 LESE 2008 M3IE 060 191122 iy 180
2 2708 2492 M3 2430007 p/) 139033 243 1748 M1
3 T160 a7 RETH A4d12249 4098 412166 120 10774 M1
4 2699 9.358 0317 3689818 340 126 298 16l MI
5 12118 1917 12417 10149227 937 TEI6ETI 1334 3
& 13891 1nr 208 33s4T 293 9007 400 1386
7 20344 20133 20.750 3TN0 B30 3375933 389 1140
8 21640 21483 21892 1306288 ENE] M08 5% 9.9
a 24624 24333 M933 1897213 175 102653 L% 1848 ML
108366006 100,00 ST8421 100.00

«l 2751 BNV 27 S 1gad
[
g
) W S0 o I T Y B 1o
i
Peak Report TIC
Peakdt R Time LTime FTime Aren Areate Heigw  Height®e AH Mak  Name
1 1. 1792 2250 TIZT9S 0s7 95105 462 755 M1
2 1670 287 3317 AR S8 242072 1nmn 1795 M1
3 7128 000 7883 AS205698 6520 asazy nm 106,08
a4 9672 9.417 10,133 15636809 218 EE 1400 4236 177
SLBL 1S 240 s 67 JGe0 166 1306
73936386 100,00 2056654 100.00
a 275 2 DAStephen Kefir BN 27 S 2l
SRR
B
11 THCHL00
w
Peakst
1
2
3
4
s
6
7
s
9

63513 1000 A1M3E 10000

Figure F: GC-MS Output of Run 6



90

Chro 275 3 D\Stephen Kefir BNW_27 5 3.gad

3,016,415

e L0

1903 LESE 2000
2710 2433 3192
un a7 1678
9687 9450 10017
12133 11033 12433

N7 14155

20347 20133 20717
21264 21017 21428

Uk U0 24967 6 13 6t 139 1381 MI

Figure G: GC-MS Output of Run 7

Cheomatogram 4_31 DStephen Kefir BNV_31 ol
T

(178555

o
212

2ms
?mu
p—
o

100
Paké RTime LTine ETime
i 2716 2458 3125 2397T41
2 7109 4142 7,583
3 0603 9300 10367 4189257
4 1213 11928 2417 9I9KT4S
5 13877 13700 g I
6 20340 20,108 2075 52661492
7 A0 2LISE 21375 S76687
8 2161 21458 21583 5335244
144866427

Figure H: GC-MS Output of Run 8

c 27,8 DSteph ES gl
1,625 520 H
z
0
Pesk Report TIC
Peak# R.Time: LTime F Time Asen Area Height  Height%. AH Mark  Name
1 2714 2542 3028 s 33 BITH A% 1506
2 i 492 T ATy M3 40T B 04S M
3 o4 IR 1200 137 LTI Y Rt
4 112 11042 12467 6115869 R 448488 an 1364
5 ias 13ms W e W4 5% M
6 18T AR 10T [ - 2z 2w 5B oM
7 WM M M EMes % w We 11
8 21634 21508 2179 1344332 126 152468 kAL 882
9 e uMr 20 20190 240 15456 255 w0 M
106512745 10000 02405 10000

Figure I: GC-MS Output of Run 9



! Height%
Toas a0 nas oz a9l [ TR Nt
2 174 2508 3.100 2001609 [ 125864 200 1591 Ml
I RM0 NS ST URISH WS WG0TS 2 B8 M
4 9636 9.375 10242 151 178331 28 a2 M
sz e A e 2l SWE ES BA
6 13890 ans 14,108 3052581 12 am 183
1 20,050 20667 26724285 1066 219193 M 9
8 21239 21142 21400 1 046 142851 226 807
9 21612 21450 21883 5185168 207 47451 146 n,e s
10 23304 nxg Pt} 1224978 049 1H3M 180 1080
1 30628 30142 31367 21142133 44 678767 10.7% e M
20629167 100.00 6306640
Ch 30  Kefir J0.gad
- H
a
H h E
a1 E & '
L b ;
JA ; A ‘ ,"{E ,;‘
w ' 100 2040 Eif)
Pesk Report TIC
Peaktt RTime LTime: FTime: Height  Height%e AH Mak Name
1w sy 2o s oM 7 3n
2 29 2308 312 1.7 122030 195 1670 M
3 11% 4128 1675 31049644 A28 AM126 74T 10811 M
4 9682 9475 o8 75 pLo) 210821 i3 1682
5 12128 1nar 1243 1013° £ 762362 o 1330
& 13878 13308 ns 4113928 342 292901 464 1405
7 20339 20.108 20700 41949266 R 3671307 81 143
i 2123 2183 21408 05§ 73299 Lis 296 Ml
a9 21631 21478 21,808 3903780 325 390634 1028
10 686 42 25067 157 154 1931 M

91




92




93

Isolate and | Full Nucleotide Blasted sequence Identity | Origin
accession sequence
ID
A2 GGCGGGCGTCCTA 95% Deglycosylation of
Bacterium CTCTCACAAGTGA | GAACGGGTGAGTAAC Isoflavones by Human
MRG-IF-3 GAGTTGAGCGCTC GCGTGGGGAATCTGC Intestinal Bacterium,
16S ribosomal | GAAGGTTGGTA CTTTGAGCGGGGGAC Korea
RNA gene CTTGTACCGACTGG | AACATTTGGAAACGA
Accession Id: | ATAGAGCAGCGAA | ATGCTAATAC
KF803553.1 | CGGGTGAGTAACG | CGCATAACAACTTTAA
CGTGGGGAAT ACACAAGTTTTAAGTT
CTGCCTTTGAGCGG | TGAAAGATGCAATTG
GGGACAACATTTG | CATCACTCAAAGATG
GAAACGAATGCTA | ATCCCGCG
ATACCGCATA TTGTATTAGCTAGTTG
AAAACTTTAAACA | GTGAGGTAAAGGCTC
CAAGTTTTAAGTTT | ACCAAGGCGATGATA
GAAAGATGCAATT | CATAGCCGACCTGAG
GCATCACTCA AGGGTGATC
AAGATGATCCCGC | GGCCACATTGGGACT
GTTGTATTAGCTAG | GAGACACGGCCCAAA
TTGGTGAGGTAAA | CTCCTACGGGAGGCA
GGCTCACCAA GCAGTAGGGAATCTTC
GGCGATGATACAT | GGCAATGGA
AGCCGACCTGAGA | CGAAAGTCTGACCGA
GGGTGATCGGCCA | GCAACGCCGCGTGAG
CATTGGGACTG TGAAGAAGGTTTTCGG
AGACACGGCCCAA | ATCGTAAAACTCTGTT
ACTCCTACGGGAG | GGTAGAGA
GCAGCAGTAGGGA | AGAACGTTGGTGAGA
ATCTTCGGCAA GTGGAAAGCTCATCA
TGGACGAAAGTCT | AGTGACGGTAACTAC
GACCGAGCAACGC | CCAGAAAGGGACGGC
CGCGTGAGTGAAG | TAACTACGTG
AAGGTTTTCGG CCAGCAGCCGCGGTA
ATCGTAAAACTCTG | ATACGTAGGTCCCGA
TTGGTAGAGAAGA | GCGTTGTCCGGATTTA
ACGTTGGTGAGAG | TTGGGCGTAAAGCGA
TGGAAAGCTC GCGCAGGTG
ATCAAGTGACGGT | GTTTATTAAGTCTGGT
AACTACCCAGAAA | GTAAAAGGCAGTGGC
GGGACGGCTAACT | TCAACCATTGTATGCA
ACGTGCCAGCA TTGGAAACTGGTAGA
GCCGCGGTAATAC | CTTGAGTG
GTATGTCCCGAGC CAGGAGAGGAGAGTG
GTTGTCCGGATTTA | GAATTCCATGTGTAGC
TTGGGCGTAA GGTGAAATGCGTAGA
AGCGAGCGCAGGT | TATATGGAGGAACAC
GGTTTATTAAGTCT | CGGTGGCGA
GGTGTAAAAGGCA | AAGCGGCTCTCTGGCC
GTGGCTCAAC TGTAACTGACACTGAG
CATTGTATGCATTG | GCTCGAAAGCGTGGG
GAAACTGGTAGAC | GAGCAAACAGGATTA
TTGAGTGCAGGAG | GATACCCT
AGGAGAGTGG GGTAGTCCACGCCGTA
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AATTCCATGTGTAG
CGGTGAAATGCGT
AGATATATGGAGG
AACACCGGTG
GCGAAAGCGGCTC
TCTGGCCTGTAACT
GACACTGAGGCTC
GAAAGCGTGG
GGAGCAAACAGGA
TTAGATACCCTGGT
AGTCCACGCCGTA
AACGATGAGT
GCTAGATGTAGGG
AGCTATAAGTTCTC
TGTATCGCAGCTAA
CGCAATAAG
CACTCCGCCTGGG
GGAGTACGACCGC
AAGGTTGAAACTC
AAAGGAATTGA
CGGGGGCCCGCAC
AAGCGGTGGAGCA
TGTGGTTTAATTCG
AAGCAACGCG
AAGAACCTTACCA
GGTCTTGACATACT
CGTGCTATTCCTAG
AGATAGGAA
GTTCCTTCGGGACA
CGGGATACAGGTG
GTGCATGGTTGTCG
TCAGCTCGT
GTCGTGAGATGTTG
GGTTAAGTCCCGC
AACGAGCGCAACC
CCTATTGTTA
ATTGCCATCATTAA
GTTGGGCACTCTAA
CGAGACTGCCGGT
GATAAACCG
GAGGAAAGGTGGG
GAAGAAGTCCAAT
CCTCCTGGCCCCTT
ATGACCTGGG
GCTACCACCCTGCC
TACAATGGAAGGG
TACAACCAATTCCC
CGAAAAAGG
GAGGTTTTAGCCA
ATCCCTTAAAACCA
TTCCCCATTTCCGA
ATTTAGAGG
GGGCAACCCCccC
CACTTAAATTCGGG
AATCCCTTTTAATT
CCGGAAAAA
ACAACCCCCCGGT

AACGATGAGTGCTAG
ATGTAGGGAGCTATA
AGTTCTCTGTATCGCA
GCTAACGC
AATAAGCACTCCGCCT
GGGGAGTACGACCGC
AAGGTTGAAACTCAA
AGGAATTGACGGGGG
CCCGCACAA
GCGGTGGAGCATGTG
GTTTAATTCGAAGCAA
CGCGAAGAACCTTAC
CAGGTCTTGACATACT
CGTGCTAT
TCCTAGAGATAGGAA
GTTCCTTCGGGACACG
GGATACAGGTGGTGC
ATGGTTGTCGTCAGCT
CGTGTCGT
GAGATGTTGGGTTAA
GTCCCGCAACGAGCG
CAACCCCTATTGTTAG
TTGCCATCATTAAGTT
GGGCACTC
TAACGAGACTGCCGG
TGATAAACCGGAGGA
AAGTGGGGGATGACG
TCAAATCATCATGGCC
CCTTATGAC
CTGGGGCTACACACGT
GCTTACAATGGGAGG
GGACAACCAAGTCCC
CGAACAAGGGAAGTT
TAACTAAAC
TCCTTAAAACCATTTT
CCAGTTTCCGATTTGA
AGGCTGCAACTCCGCT
TAATTGAGATCCGGA
ATCCCCT
TTTAATCCGGGAAACA
ACACCCCCCGGTGGAT
AATTTCCCCGGGCCTG
TTTAACACCGCCGGTC
ACCCAC
ACGGGGGATTGGGAA
GACCCCAAAAAAGTT
GGCTAACCCCAGGAG
GGGCGTTCTAAT
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GAAAAAATTTCCC
GGCCCTTTGAAACC
CCCCCCTCCC
CCCCCGGCGGGTT
GGGGAAACCCCAA
AAAATTGTCCTATT
CCCCAAAG
A7 GGCCGGGGCACCT | CGGCGGTGGCGGCLGT 96% Probiotic characteristics
Lactococcus CACTAATCGTGAG GCTATACATGCAAGTT of lactic acid bacteria
lactis strain AGTTGAGCGCTGA GAGCGCTGAAGGTTG isolated from camel milk,
Unkn111 16S | AGGTTGGTACTTGT | GTACTTGTACCAACTG United Arab Emirates.
ribosomal ACCGACCGGAAGA | GATGAGCAGCGAACG
RNA gene GCAGCGAACGGGT | GGTGAGTAACGCGTG
GAGTAACGCGTGG | GGGAATCTGCCTTTGA
Accession ID: | GGAATCTGCCTTTG | GCGGGGGACAACATT
KX881768.1 | AGCGGGGGACAAC | TGGAAACGAATGCTA
ATTTGGAAACGAA ATACCGCATAAAAAC
TGCTAATACCGCAT | TTTAAACACAAGTTTT
AAAAACTTTAAAC AAGTTTGAAAGATGC
ACAAGTTTTAAGTT | AATTGCATCACTCAAA
TGAAAGATGCAAT | GATGATCCCG
TGCATCACTCAAA CGTTGTATTAGCTAGT
GATGATCCCGCGTT | TGGTGAGGTAAAGGC
GTATTAGCTAGTTG | TCACCAAGGCGATGA
GTGAGGTAAAGGC | TACATAGCCGACCTGA
TCACCAAGGCGAT | GAGGGTGATCGGCCA
GATACATAGCCGA | CATTGGGACTGAGAC
CCTGAGAGGGTGA | ACGGCCCAAACTCCTA
TCGGCCACATTGG CGGGAGGCAGCAGTA
GACTGAGACACGG | GGGAATCTTCGGCAAT
CCCAAACTCCTACG | GGACGAAAGTCTGAC
GGAGGCAGCAGTA | CGAGCAACGCCGCGT
GGGAATCTTCGGC GAGTGAAGAAGGTTT
AATGGACGAAAGT | TCGGATCGTAAAACTC
CTGACCGAGCAAC | TGTTGGTAGA
GCCGCGTGAGTGA | GAAGAACGTTGGTGA
AGAAGGTTTTCGG GAGTGGAAAGCTCAT
ATCGTAAAACTCTG | CAAGTGACGGTAACT
TTGGTAGAGAAGA | ACCCAGAAAGGGACG
ACGTTGGTGAGAG | GCTAACTACGTGCCAG
TGGAAAGCTCATC CAGCCGCGGTAATAC
AAGTGACGGTAAC | GTAGGTCCCGAGCGTT
TACCCAGAAAGGG | GTCCGGATTTATTGGG
ACGGCTAACTACG CGTAAAGCGAGCGCA
TGCCAGCAGCCGC | GGTGGTTTATTAAGTC
GGTAATACGTAGG | TGGTGTAAAAGGCAG
TCCCGAGCGTTGTC | TGGCTCAACCATTGTA
CGGATTTATTGGGC | TGCATTGGAAACTGGT
GTAAAGCGAGCGC | AGACTTGAGTGCAGG
AGGTGGTTTATTAA | AGAGGAGAGTGGAAT
GTCTGGTGTAAAA | TCCATGTGTAGCGGTG
GGCAGTGGCTCAA AAATGCGTAGATATAT
CCAT GGAGGAACACCGGTG
TGTATGCATTGGAA | GCGAAAGCGGCTCTCT
ACTGGTAGACTTG GGCCTGTAACTGACAC
AGTGCAGGAGAGG | TGAGGCTCGAAAGCG
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AGAGTGGAATTCC
ATGTGTAGCGGTG
AAATGCGTAGATA
TATGGAGGAACAC
CGGTGGCGAAAGC
GGCTCTCTGGCCTG
TAACTGACACTGA
GGCTCGAAAGCGT
GGGGAGCAAACAG
GATTAGATACCCTG
GTAGTCCACGCCGT
AAACGATGAGTGC
TAGATGTAGGGAG
CTATAAGTTCTCTG
TATCGCAGCTAAC
GCAATAAGCAC
TCCGCCTGGGGAG
TACGACCGCAAGG
TTGAAACTCAAAG
GAATTGACGGG
GGCCCGCACAAGC
GGTGGAGCATGTG
GTTTAATTCGAAGC
AACGCGAAGA
ACCTTACCAGGTCT
TGACATACTCGTGC
TATTCCTAGAGATA
GGAAGTTCCTTCGG
GACACGGGATACA
GGTGGTGCATGGTT
GTCGTCAGCTCGTG
TCCTGAAATGTTGG
GTTAAGTCCCGCA
ACGAGCGCAACCC
CTATTGTTAGTTGC
CATCATTAAGTTGG
GCACTCTAACGAA
ACTGCCGGTGATA
AACCGGAGG
AAAGGGGGGGGAT
AAAGTCCAAACAT
CCTGGCCCCTTTTA
ACCGGGGGTAAAA
CCTGGTTAAAAGG
GAGGGGGCAACCA
ATCCCCGAAAAAA
GGAGGGTTTACCA
AATCCTTTAAAACA
TTTTCCCTTTCGGA
TTGTAGGGGGGCA
ACCCCCCTCACTGA
AAGCGGAAACCCT
TTTAATTCCGGAAA
AAACCCCCCCCGG
GGAAAAATTTTCCC
GC

TGGGGAGCAAACAGG
ATTAGATACC
CTGGTAGTCCACGCCG
TAAACGATGAGTGCT
AGATGTAGGGAGCTA
TAAGTTCTCTGTATCG
CAGCTAACGCAATAA
GCACTCCGCCTGGGG
AGTACGACCGCAAGG
TTGAAACTCAAAGGA
ATTGACGGGGGCCCG
CACAAGCGGTGGAAC
ATGTGGTTTAATTCGA
AGCAACGCGAAGAAC
CTTACCAGGTCTTGAC
ATACTCGTGCT
ATTCCTAGAGATAGG
AAGTTCCTTCGGGACA
CGGGATACAGGTGGT
GCATGGTTGTCGTCAG
CTCGTGTCCTGAAATG
TTGGGTTAAGTCCCGC
AACGAGCGCAACCCC
TATTGTTAGTTGCCAT
CATTAATTTGGGCACT
CTAACGAGACTGCCG
GTGATAAACCGGAGA
AAAGTTGGGGATGAA
GTCCAATCATCAGGCC
CCTAAAAA
CCGGGGCACCACCTTG
GTACAAGGAAGGGGT
CACCAATCCGCGGAC
GAGAGATTGTTACCCA
ACCCCTTAAAAACATT
CTCCGGTTCGAATGTA
AGG




97

A9
Lactococcus
lactis strain
RPWL3 16S
ribosomal
RNA gene

Accession ID:

MF185375.1

CGGCGTGGTGACC
TTCACTAACCATGC
AGTTGAGCGCTGA
GGTTGGTACTTGTA
CCGACTGGATAGA
GCAGCGAACGGGT
GAGTAACGCGTGG
GGAATCTGCCTTTG
AGCGGGGGACAAC
ATTTGGAAACGAA
TGCTAATACCGCAT
AAAAACTTTAAAC
ACAAGTTTTAAGTT
TGAAAGATGCAAT
TGCATCACTCAAA
GATGATCCCGCGTT
GTATTAGCTAGTTG
GTGAGGTAAAGGC
TCACCAAGGCGAT
GATACATAGCCGA
CCTGAGAGGGTGA
TCGGCCACATTGG
GACTGAGACACGG
CCCAAACTCCTACG
GGAGGCAGCAGTA
GGGAATCTTCGGC
AATGGACGAAAGT
CTGACCGAGCAAC
GCCGCGTGAGTGA
AGAAGGTTTTCGG
AT
CGTAAAACTCTGTT
GGTAGAGAAGAAC
GTTGGTGAGAGTG
GAAAGCTCATCAA
GTGACGGTAACTA
CCCAGAAAGGGAC
GGCTAACTACGTG
CCAGCAGCCGCGG
TAATACGTAGGTCC
CGAGCGTTGTCCG
GATTTATTGGGCGT
AAAGCGAGCGCAG
GTGGTTTATTAAGT
CTGGTGTAAAAGG
CAGTGGCTCAACC
A
TTGTATGCATTGGA
AACTGGTAGACTT
GAGTGCAGGAGAG
GAGAGTGGAATTC
CATGTGTAGCGGT
GAAATGCGTAGAT
ATATGGAGGAACA
CCGGTGGCGAAAG
CGGCTCTCTGGCCT

CTATACATGCAGTTGA
GCGCTGAGGTTGGTAC
TTGTACCGACTGGATG
AGCAGCGAACGGGTG
AGTAACGCGTGGGGA
ATCTGCCTTTGAGCGG
GGGACAACATTTGGA
AACGAATGCTAATAC
CGCATAAAAACTTTAA
ACACAAGTTTTAAGTT
TGAAAGATGCAATTG
CATCACTCAAAGATG
ATCCCGCGTTGTATTA
GCTAGTTG
GTGAGGTAAAGGCTC
ACCAAGGCGATGATA
CATAGCCGACCTGAG
AGGGTGATCGGCCAC
ATTGGGACTGAGACA
CGGCCCAAACTCCTAC
GGGAGGCAGCAGTAG
GGAATCTTCGGCAATG
GACGAAAGTCTGACC
GAGCAACGCCGCGTG
AGTGAAGAAGGTTTTC
GGATCGTAAAACTCTG
TTGGTAGAGAAGAAC
GTTGGTGAGAGTGGA
AAGCTCATCAAGTGA
CGGTAACTACCCAGA
AAGGGACGGCTAACT
ACGTGCCAGCAGCCG
CGGTAATACGTAGGTC
CCGAGCGTTGTCCGGA
TTTATTGGGCGTAAAG
CGAGCGCAGGTGGTTT
ATTAAGTCTGGTGTAA
AAGGCAGTGGCTCAA
CCATTGTATGCATTGG
AAACTGGTAGACTTG
AGTGCAGGAGAGGAG
AGTGGAATTCCATGTG
TAGCGGTGAAATGCG
TAGATATATGGAGGA
ACACCGGTGGCGAAA
GCGGCTCTCTGGCCTG
TAACTGACACTGAGG
CTCGAAAGCGTGGGG
AGCAAACAGGATTAG
ATACCCTGGTAGTCCA
CGCCGTAAACGATGA
GTGCTAGATGTAGGG
AGCTATAAGTTCTCTG
TATCGCAGCTAACGCA
ATAAGCACTCCGCCTG
GGGAGTACGACCGCA

94%

Fujian Agriculture and
Forestry University,
Fujian,

China.
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GTAACTGACACTG
AGGCTCGAAAGCG
TGGGGAGCAAACA
GGATTAGATACCCT
GGTAGTCCACGCC
GTAAACGATGAGT
GC
TAGATGTAGGGAG
CTATAAGTTCTCTG
TATCGCAGCTAAC
GCAATAAGCACTC
CGCCTGGGGGAGT
ACGACCGCAAGGT
TGAAACTCAAAGG
AATTGACGGGGGC
CCGCACAAGCGGT
GGAACCAGGTGGT
TTAATTCGAAGCA
ACGCGAAGAACCT
TACCAGGTCTTGAC
ATACTCGTGCTATT
CCAGAAAAATAGG
AA
GTTCCTTCGGGACA
CGGGAAACAGGTG
GGGGGAAGGGTTG
TCGTCAGCTCGTGT
CCTGAAAAGGTTG
GGGTTAAGTCCCG
CAACGAGCGCAAC
CCCTATTGTTAGTT
GCCATCATTAAGTT
GGGCACTCTAACG
AGACTGCCGGTGA
TAAACCGGAGGAA
AGGGGGGGGGAAG
AAGTTCACATAATC
CTGCCCCCTAATG
ACCTGGGGCTACC
ACCCTGGTTACAAT
GGGAGGGGACAAC
CAATCCCCGGAAA
AGTGAGTGTTTTGC
TAACTCCTTAAAAC
AATTCTCCCCTTCC
GAATGGAAGGGGG
CAACTCGCCCCACT
GAAGATCGGAAAC
CCCTGTTAATCCCG
GATAAACAACCCC
CGCGGGAAAAAAT
TTCCCGCGCCTTGT
AAACCCGCCCGGT
TCCACCCCGGGGG
GTTGGGGAAAACC
CCAAAAAAAATC

AGGTTGAAACTCAAA
GGAATTGACGGGGGC
CCGCACAAGCGGTGG
AGCATGTGGTTTAATT
CGAAGCAACGCGAAG
AACCTTACCAGGTCTT
GACATACTCGTGCTAT
TCCTAGAGATAGGAA
G
TTCCTTCGGGACACGG
GATACAGGTGGTGCA
TGGTTGTCGTCAGCTC
GTGTCGTGAGATGTTG
GGTTAAGTCCCGCAAC
GAGCGCAACCCCTATT
GTTAGTTGCCATCATT
AAGTTGGGCACTCTAA
CGAGACTGCCGGTGA
TAAACCGGAGGAAGG
TGGGGATGACGTCAA
ATCATCATGCCCCTTA
TGACCTGGGCTACACA
CGTGCTACAATGGATG
GTACAACGAGTCGCG
AGACAGTGATGTTTAG
CTAATCTCTTAAAACC
ATTCTCAGTTCGGATT
GTAGGCTGCAACTCGC
CTACATGAAGTCGGA
ATCGCTAGTAATCGCG
GATCAGCACGCCGCG
GTGAATACGTTCCCGG
GCCTTGTACACACCGC
CCGTCACACCACGGG
AGTTGGGAGTACCCG
AAGTAGGTTGCCTAAC
CGCAAGGAGGGCGCT
CCTAAG
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A10
Lactococcus
lactis subsp.
lactis strain
NM146-2 16S
ribosomal
RNA

gene

Accession ID:
HM218576.1

GGCGTGTGACGTA
CTAGTCGTGCAGTT
GAGCGCTGAAGGT
TGGTACTTGT
ACCGACTGGATAG
AGCAGCGAACGGG
TGAGTAACGCGTG
GGGAATCTGCC
TTTGAGCGGGGGA
CAACATTTGGAAA
CGAATGCTAATAC
CGCATAAAAAC
TTTAAACACAAGTT
TTAAGTTTGAAAG
ATGCAATTGCATCA
CTCAAAGAT
GATCCCGCGTTGTA
TTAGCTAGTTGGTG
AGGTAAAGGCTCA
CCAAGGCGA
TGATACATAGCCG
ACCTGAGAGGGTG
ATCGGCCACATTG
GGACTGAGACA
CGGCCCAAACTCCT
ACGGGAGGCAGCA
GTAGGGAATCTTC
GGCAATGGAC
GAAAGTCTGACCG
AGCAACGCCGCGT
GAGTGAAGAAGGT
TTTCGGATCGT
AAAACTCTGTTGGT
AGAGAAGAACGTT
GGTGAGAGTGGAA
AGCTCATCAA
GTGACGGTAACTA
CCCAGAAAGGGAC
GGCTAACTACGTG
CCAGCAGCCGC
GGTAATACGTAGG
TCCCGAGCGTTGTC
CGGATTTATTGGGC
GTAAAGCGA
GCGCAGGTGGTTT
ATTAAGTCTGGTGT
AAAAGGCAGTGGC
TCAACCATTG
TATGCATTGGAAA
CTGGTAGACTTGA
GTGCAGGAGAGGA
GAGTGGAATTC
CATGTGTAGCGGT
GAAATGCGTAGAT
ATATGGAGGAACA
CCGGTGGCGAA

GTGCCTAATACATGCA
AGTTGAGCGCTGAAG
GTTGGTACTTGTACCG
ACTGGATGAGCAGCG
AACGGGTG
AGTAACGCGTGGGGA
ATCTGCCTTTGAGCGG
GGGACAACATTTGGA
AACGAATGCTAATAC
CGCATAAAA
ACTTTAAACACAAGTT
TTAAGTTTGAAAGATG
CAATTGCATCACTCAA
AGATGATCCCGCGTTG
TATTAG
CTAGTTGGTGAGGTAA
AGGCTCACCAAGGCG
ATGATACATAGCCGA
CCTGAGAGGGTGATC
GGCCACATT
GGGACTGAGACACGG
CCCAAACTCCTACGGG
AGGCAGCAGTAGGGA
ATCTTCGGCAATGGAC
GAAAGTCT
GACCGAGCAACGCCG
CGTGAGTGAAGAAGG
TTTTCGGATCGTAAAA
CTCTGTTGGTAGAGAA
GAACGTTG
GTGAGAGTGGAAAGC
TCATCAAGTGACGGTA
ACTACCCAGAAAGGG
ACGGCTAACTACGTGC
CAGCAGCC
GCGGTAATACGTAGG
TCCCGAGCGTTGTCCG
GATTTATTGGGCGTAA
AGCGAGCGCAGGTGG
TTTATTAA
GTCTGGTGTAAAAGG
CAGTGGCTCAACCATT
GTATGCATTGGAAACT
GGTAGACTTGAGTGC
AGGAGAGG
AGAGTGGAATTCCAT
GTGTAGCGGTGAAAT
GCGTAGATATATGGA
GGAACACCGGTGGCG
AAAGCGGCTC
TCTGGCCTGTAACTGA
CACTGAGGCTCGAAA
GCGTGGGGAGCAAAC
AGGATTAGATACCCTG
GTAGTCCA
CGCCGTAAACGATGA

96%

Isolation and
identification of lactic
acid bacteria from
naturally fermented dairy
products in Inner
Mongolia, China
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AGCGGCTCTCTGGC
CTGTAACTGACACT
GAGGCTCGAAAGC
GTGGGGAGC
AAACAGGATTAGA
TACCCTGGTAGTCC
ACGCCGTAAACGA
TGAGTGCTAG
ATGTAGGGAGCTA
TAAGTTCTCTGTAT
CGCAGCTAACGCA
ATAAGCACTC
CGCCCGGGGGAGT
ACGACCGCAAGGT
TGAAACTCAAAGG
AATTGACGGGG
GCCCGCACAAGCG
GTGGAACCAGGTG
GTTTAATTCGAAGC
AACGCGAAGA
ACCTTACCAGGTCT
TGACATACTCGTGC
TATTCCTAGAAAAT
AGGAAGTT
CCTTCGGGACACG
GGATACAGGTGGG
TGCATGGTTGTCGT
CAGCTCGTGT
CGTGAGATGTTGG
GTTAAGTCCCGCA
ACGAGCGCAACCC
CTATTGTTAGT
TGCCATCATTAAGT
TGGGCACTCTAAC
GAGACTGCCGGTG
ATAAACCGGA
GGAAAGGTGGGGA
TGAAGTCAAATCA
TCAAGGCCCCTTAT
GACCGGGGCT
ACACCCTGCTACA
ATGGAGGTACAAC
CAATCTCCGAACA
ATGATGTTTAG
CTAATCTCTTAAAA
CCATCCTCATTTCC
GAATGTAAGGCCG
CAACTCCGC
CCACTGGAAGTCG
GAAACCCTATTATA
TCCGGAATAACAC
CCCCCCGGTG
AAGAGTTTCCCGG
CTTGGTACACCGCC
CCTCCCCCCCCGGG
ATTTGGGAA
CCCCTACCCCAGG

GTGCTAGATGTAGGG
AGCTATAAGTTCTCTG
TATCGCAGCTAACGCA
ATAAGCAC
TCCGCCTGGGGAGTAC
GACCGCAAGGTTGAA
ACTCAAAGGAATTGA
CGGGGGCCCGCACAA
GCGGTGGAG
CATGTGGTTTAATTCG
AAGCAACGCGAAGAA
CCTTACCAGGTCTTGA
CATACTCGTGCTATTC
CTAGAGA
TAGGAAGTTCCTTCGG
GACACGGGATACAGG
TGGTGCATGGTTGTCG
TCAGCTCGTGTCGTGA
GATGTTG
GGTTAAGTCCCGCAAC
GAGCGCAACCCCTATT
GTTAGTTGCCATCATT
AAGTTGGGCACTCTAA
CGAGAC
TGCCGGTGATAAACC
GGAGGAAGGTGGGGA
TGACGTCAAATCATCA
TGCCCCTTATGACCTG
GGCTACAC
ACGTGCTACAATGGAT
GGTACAACGAGTCGC
GAGACAGTGATGTTTA
GCTAATCTCTTAAAAC
CATTCTC
AGTTCGGATTGTAGGC
TGCAACTCGCCTACAT
GAAGTCGGAATCGCT
AGTAATCGCGGATCA
GCACGCCG
CGGTGAATACGTTCCC
GGGCCTTGTACACACC
GCCCCTCACCCCACGG
GAGTTGGGAGTACCC
GAAGTAG
GTTGCCTAACCGCAAG
GAGGGCGCTTCCTAA
GGTAAGA
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All

Bacillus sp.
strain abc48
16S ribosomal
RNA gene

Accession ID:
KX426042.1

GGGTTGGGGTCAG
TCTATACTGCTAGT
CGAGCGCGACAGA
TGCGGAGCTT
GCTCCCTGATGTTA
GCGGCGGACGGGT
GAGTAACACGTGG
GTAACCTGCC
TGTAAGACTGGGA
TAACTCCGGGAAA
CCGGGGCTAATAC
CGGATGGTTGT
TTGAACCGCATGGT
TCAAACATAAAAG
GTGGCTTCTGCTAC
CACTTACAG
ATGGACCCGCGGC
GCATTAGCTAGTTG
GTGAGGTAATGGC
TCACCAAGGC
AACGATGCGTAGC
CGACCTGAGAGGG
TGATCGGCCACACT
GGGACTGAGA
CACGGCCCAGACT
CCTACGGGAGGCA
GCAGTAGGGAATC
TTCCGCAATGG
ACGAAAGTCTGAC
GGAGCAACGCCGC
GTGAGTGATGAAG
GTTTTCGGATC
GTAAAGCTCTGTTG
TTAGGGAAGAACA
AGTACCGTTCGAAT
AGGGCGGTA
CCTTGACGGTACCT
AACCAGAAAGCCA
CGGCTAACTACGT
GCCAGCAGCC
GCGGTAATACGTA
GGTGGCAAGCGTT
GTCCGGAATTATTG
GGCGTAAAGG
GCTCGCAGGCGGT
TTCTTAAGTCTGAT
GTGAAAGCCCCCG
GCTCAACCGG
GGAGGGTCATTGG
AAACTGGGGAACT
TGAGTGCAGAAAA
GGAGAGTGGAA
TTCCACGTGTACCG
GTGAAATGCCTAA
AGATGTGGAGGAA
CACCATTGGC
CAAAGGCAACTCT

GGGGGGGTCTGCCTAT
ACTGCAGTCGAGCGG
ACAGATGGGAGCTTG
CTCCCTGATGTTAGCG
GCGGACGG
GTGAGTAACACGTGG
GTAACCTGCCTGTAAG
ACTGGGATAACTCCG
GGAAACCGGGGCTAA
TACCGGATG
GTTGTTTGAACCGCAT
GGTTCAAACATAAAA
GGTGGCTTCGGCTACC
ACTTACAGATGGACCC
GCGGCGC
ATTAGCTAGTTGGTGA
GGTAACGGCTCACCA
AGGCAACGATGCGTA
GCCGACCTGAGAGGG
TGATCGGCC
ACACTGGGACTGAGA
CACGGCCCAGACTCCT
ACGGGAGGCAGCAGT
AGGGAATCTTCCGCA
ATGGACGAA
AGTCTGACGGAGCAA
CGCCGCGTGAGTGAT
GAAGGTTTTCGGATCG
TAAAGCTCTGTTGTTA
GGGAAGAA
CAAGTACCGTTCGAAT
AGGGCGGTACCTTGA
CGGTACCTAACCAGA
AAGCCACGGCTAACT
ACGTGCCAG
CAGCCGCGGTAATAC
GTAGGTGGCAAGCGT
TGTCCGGAATTATTGG
GCGTAAAGGGCTCGC
AGGCGGTTT
CTTAAGTCTGATGTGA
AAGCCCCCGGCTCAA
CCGGGGAGGGTCATT
GGAAACTGGGGAACT
TGAGTGCAG
AAGAGGAGAGTGGAA
TTCCACGTGTAGCGGT
GAAATGCGTAGAGAT
GTGGAGGAACACCAG
TGGCGAAGG
CGACTCTCTGGTCTGT
AACTGACGCTGAGGA
GCGAAAGCGTGGGGA
GCGAACAGGATTAGA
TACCCTGGT
AGTCCACGCCGTAAA
CGATGAGTGCTAAGT

94%

Molecular and Microbial
Studies of infant food to
Detect Microbial
Contamination, Saudi
Arabia
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CTGATCTGTAACTG | GTTAGGGGGTTTCCGC
ACGCTGAGGAACT | CCCTTAGTGCTGCAGC
AAATCCTGGG TAACGCAT
GATGCAACACGAT | TAAGCACTCCGCCTGG
TAGATCACCTGGAT | GGAGTACGGTCGCAA
ATCAAAGCGCTAA | GACTGAAACTCAAAG
ACAAGAATGC GAATTGACGGGGGCC
GTAGTGCTACGGG CGCACAAGC
GTTTCCTCCCCTTA | GGTGGAGCATGTGGTT
ATGCTGGCGACTA | TAATTCGAAGCAACG
CAACTTTAAG CGAAGAACCTTACCA
CTCCCCCCCGGGG GGTCTTGACATCCTCT
GAATGACGTCCAC | GAAAATCC
AAACTGAAAATCC | TAGAGATAGGACGTC
ACCTAATTTTA CCCTTCGGGGGCAAA
AGGCGCCGCCCCC | ATGACAGGTGGTGCA
TTCCACGGACGAA | TGGTTGTCGTCACTCC
GGAATCTTCCTCGA | GGGCCGGGA
CCACCCTTAA AAAGTTGGGTTAATTC
CGACTTAACTTGCT | CCGCAAAGAGGGAAC
TGGAACCTTCCCCC | CTTTGATCTAATTGCC
CGTTCTAAAATACG | CGCCTTCAGTGGGCCC
GGGGGGCC TCTAAGG
GGCTCCGGTTTAAA | GACTGCCGGTGACAA
CGGAAAGTTCCTTG | ACCGGAGAAAGTGGG
GGGTGGACCCCGC | GGAAGACGCCAAATC
CTTGGGCCC AAAAGGCCCCTTAAG
CCAAATTAGGGAA | ACGGGGGACA
ATTTTGTTTACCCC | CACAGTGTCCAAATG
GAAACCCAGTTTTT | GACAAAAAAAGGGGC
TTTTTGGAA GCCCAACCGCCGGGTT
AAAAATTTTTAAG AGGCCATCCCCAAATC
GCCCGGGGGGGGT | TTTTCTTT
TCCCCAAGGAACC | TTTGGGAGGCGGGTC
CTTCCGGGAAA GGCCTCTTGGCGGGG
GGGAAAAACCCCG | AAGGGGAAACCCTTT
GGGGGGCCCCCCA | ATATTCGGAAACACA
AAAAAAGGGGGGG | GCCCGGGGAA
GTTTTAACCCT AAATTTTTCGGGTCTG
GGGGGGGGGGAAA | TTCACCCCGCCTCTCA
ACCCTTTTTGGGGG | CCCAAGATGG
GGAAAAGGGGCCG
GGATTTTTGG
GGGATAATTCCAA
AACCCCAAAAGGG
TGTGGGGCCGGG

Al3 GGCGTGGCGGTAT | CGCAGTGCGGGGAGC | 97% Fujian Academy of

Lactococcus GTATATACATGCA | TATACATGCAGTTGAG Agricultural

lactis strain GTTGAGCGCTGAA | CGCTGAAGGTTGGTAC Sciences, China.

AF13 16S GGTTGGTACTT TTGTACCGACTGGATG

ribosomal GTACCGACTGGAT AGCAGCG

RNA gene AGAGCAGCGAACG | AACGGGTGAGTAACG
GGTGAGTAACGCG | CGTGGGGAATCTGCCT
TGGGGAATCTG TTGAGCGGGGGACAA
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Accession ID:
KY438201.1

CCTTTGAGCGGGG
GACAACATTTGGA
AACGAATGCTAAT
ACCGCATAAAA
ACTTTAAACACAA
GTTTTAAGTTTGAA
AGATGCAATTGCA
TCACTCAAAG
ATGATCCCGCGTTG
TATTAGCTAGTTGG
TGAGGTAAAGGCT
CACCAAGGC
GATGATACATAGC
CGACCTGAGAGGG
TGATCGGCCACATT
GGGACTGAGA
CACGGCCCAAACT
CCTACGGGAGGCA
GCAGTAGGGAATC
TTCGGCAATGG
ACGAAAGTCTGAC
CGAGCAACGCCGC
GTGAGTGAAGAAG
GTTTTCGGATC
GTAAAACTCTGTTG
GTAGAGAAGAACG
TTGGTGAGAGTGG
AAAGCTCATC
AAGTGACGGTAAC
TACCCAGAAAGGG
ACGGCTAACTACG
TGCCAGCAGCC
GCGGTAATACGTA
GGTCCCGAGCGTT
GTCCGGATTTATTG
GGCGTAAAGC
GAGCGCAGGTGGT
TTATTAAGTCTGGT
GTAAAAGGCAGTG
GCTCAACCAT
TGTATGCATTGGAA
ACTGGTAGACTTG
AGTGCAGGAGAGG
AGAGTGGAAT
TCCATGTGTAGCGG
TGAAATGCGTAGA
TATATGGAGGAAC
ACCGGTGGCG
AAAGCGGCTCTCT
GGCCTGTAACTGA
CACTGAGGCTCGA
AAGCGTGGGGA
GCAAACAGGATTA
GATACCCTGGTAGT
CCACGCCGTAAAC
GATGAGTGCT
AGATGTAGGGAGC

CATTTGGAAACGAAT
GCTAATACC
GCATAAAAACTTTAA
ACACAAGTTTTAAGTT
TGAAAGATGCAATTG
CATCACTCAAAGATG
ATCCCGCGT
TGTATTAGCTAGTTGG
TGAGGTAAAGGCTCA
CCAAGGCGATGATAC
ATAGCCGACCTGAGA
GGGTGATCG
GCCACATTGGGACTG
AGACACGGCCCAAAC
TCCTACGGGAGGCAG
CAGTAGGGAATCTTCG
GCAATGGAC
GAAAGTCTGACCGAG
CAACGCCGCGTGAGT
GAAGAAGGTTTTCGG
ATCGTAAAACTCTGTT
GGTAGAGAA
GAACGTTGGTGAGAG
TGGAAAGCTCATCAA
GTGACGGTAACTACCC
AGAAAGGGACGGCTA
ACTACGTGC
CAGCAGCCGCGGTAA
TACGTAGGTCCCGAGC
GTTGTCCGGATTTATT
GGGCGTAAAGCGAGC
GCAGGTGG
TTTATTAAGTCTGGTG
TAAAAGGCAGTGGCT
CAACCATTGTATGCAT
TGGAAACTGGTAGAC
TTGAGTGC
AGGAGAGGAGAGTGG
AATTCCATGTGTAGCG
GTGAAATGCGTAGAT
ATATGGAGGAACACC
GGTGGCGAA
AGCGGCTCTCTGGCCT
GTAACTGACACTGAG
GCTCGAAAGCGTGGG
GAGCAAACAGGATTA
GATACCCTG
GTAGTCCACGCCGTAA
ACGATGAGTGCTAGA
TGTAGGGAGCTATAA
GTTCTCTGTATCGCAG
CTAACGCA
ATAAGCACTCCGCCTG
GGGAGTACGACCGCA
AGGTTGAAACTCAAA
GGAATTGACGGGGGC
CCGCACAAG
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TATAAGTTCTCTGT | CGGTGGAGCATGTGG

ATCGCAGCTAACG TTTAATTCGAAGCAAC

CAATAAGCAC GCGAAGAACCTTACC

TCCGCCTGGGGAG AGGTCTTGACATACTC

TACGACCGCAAGG | GTGCTATT

TTGAAACTCAAAG CCTAGAGATAGGAAG

GAATTGACGGG TTCCTTCGGGACACGG

GGCCCGCACAAGC | GATACAGGTGGTGCA

GGTGGAGCATGTG | TGGTTGTCGTCAGCTC

GTTTAATTCGAAGC | GTGTCGTG

AACGCGAAGA AGATGTTGGGTTAAGT

ACCTTACCAGGTCT | CCCGCAACGAGCGCA

TGACATACTCGTGC | ACCCCTATTGTTAGTT

TATTCCTAGAGATA | GCCATCATTAAGTTGG

GGAAGTTC GCACTCT

CTTCGGGACACGG AACGAGACTGCCGGT

GATACAGGTGGTG | GATAAACCGGAGGAA

CATGGTTGTCGTCA | GGTGGGGATGACGTC

GCTCGTGTCG AAATCATCATGCCCCT

TGAGATGTTGGGG TATGACCTG

TTAAGTCCCGCAAC | GGCTACACACGTGCTA

GAGCGCAACCCCT CAATGGATGGTACAA

ATTGTTAGTT CGAGTCGCGAGACAG

GCCATCATTAAGTT | TGATGTTTAGCTAATC

GGGCACTCTAACG TCTTAAAA

AGACTGCCGGTGA | CCATTCTCAGTTCGGA

TAAACCGGAG TTGTAGGCTGCAACTC

GAAAGAGGGGGGA | GCCTACATGAAGTCG

AGAACGTCAAAAC | GAATCGCTAGTAATCG

ATCCTGGCCCCTAT | CGGATCA

TAACCGGGGG GCACGCCGCGGTGAA

TACAACCTGGTTAC | TACGTTCCCGGGCCTT

AAGGGAGGGGTCA | GTACACACCGCCCGTC

ACCAATCCGCCAG ACACCACGGGAGTTG

ACAAGGAGTG GGAGTACC

TTTTGCCAATCTCT | CGAAGTAGGTTGCCTA

TAAACCATTCTCCT | ACCGCAAGGAGGGCG

CTCGGAAAGGAGG | CTCCTAAGTAGACCCA

GCGGGAACG TGCC

CCCCCCCTGAAAG

GCGGAAACCGCTG

TTAATCCGGAAAC

ACACACCCCGC

CGGGAAAATAATT

CCCGCGCCG
Al4 GGCCGGGGCAACG | GCTTCAATCCGACCTT | 97% Ecology and
Lactococcus TATATTCGGAGAG | ACGTCCGTAAGTTGAG technological aptitudes of
lactis strain AGTTGAGCGCTCG CGCTGTCGTTGGTACT lactic acid bacteria
PON37 16S CATCGTTGGTG TGCTACCGCACTGAGA isolated from PDO
ribosomal ACTTGTACCGCACC | TGAGCA Vastedda della Valle del
RNA gene GTGATGAGCAGCG | GCGAACGGGTGAGTA Belice cheese

AACGGGTGAGTAA | ACGCGTGGGGAATCT Italy.
Accession ID: | CGCGTGGGGA GCCTTTGAGCGGGGG
KC545887.1 ATCTGCCTTTGAGC | ACAACATTTGGAAAC

GGGGGACAACATT | GAATGCTAAT

TGGAAACGAATGC | ACCGCATAAAAACTTT

TAATACCGCA AAACACAAGTTTTAA
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TAAAAACTTTAAA
CACAAGTTTTAAGT
TTGAAAGATGCAA
TTGCATCACT
CAAAGATGATCCC
GCGTTGTATTAGCT
AGTTGGTGAGGTA
AAGGCTCACC
AAGGCGATGATAC
ATAGCCGACCTGA
GAGGGTGATCGGC
CACATTGGGAC
TGAGACACGGCCC
AAACTCCTACGGG
AGGCAGCAGTAGG
GAATCTTCGGC
AATGGACGAAAGT
CTGACCGAGCAAC
GCCGCGTGAGTGA
AGAAGGTTTTC
GGATCGTAAAACT
CTGTTGGTAGAGA
AGAACGTTGGTGA
GAGTGGAAAGC
TCATCAAGTGACG
GTAACTACCCAGA
AAGGGACGGCTAA
CTACGTGCCAG
CAGCCGCGGTAAT
ACGTAGGTCCCGA
GCGTTGTCCGGATT
TATTGGGCGT
AAAGCGAGCGCAG
GTGGTTTATTAAGT
CTGGTGTAAAAGG
CAGTGGCTCA
ACCATTGTATGCAT
TGTAAACTGGTAG
ACTTGAGTGCAGG
AGAGGAGAGT
GTAATTCCCTGTGT
AGCGGGGAAATAC
GTATATATATGCAG
GAACACCGA
TGGCGAAATCGAC
TCTCTGACCTGTAA
CGGAGACTGAGGC
TGGAAGCCCA
GCGGACGAAACAG
AATGTATATACACT
GCGCCGTACACGA
CGAGCGATTA
TGAGCAGCGAGTA
TATAGGGCAGTAC
ATACATTTCTTCTG
CTCTCGGCAA
ACTCACTGCGATCA

GTTTGAAAGATGCAAT
TGCATCACTCAAAGAT
GATCCCG
CGTTGTATTAGCTAGT
TGGTGAGGTAAAGGC
TCACCAAGGCGATGA
TACATAGCCGACCTGA
GAGGGTGA
TCGGCCACATTGGGAC
TGAGACACGGCCCAA
ACTCCTACGGGAGGC
AGCAGTAGGGAATCT
TCGGCAATG
GACGAAAGTCTGACC
GAGCAACGCCGCGTG
AGTGAAGAAGGTTTTC
GGATCGTAAAACTCTG
TTGGTAGA
GAAGAACGTTGGTGA
GAGTGGAAAGCTCAT
CAAGTGACGGTAACT
ACCCAGAAAGGGACG
GCTAACTACG
TGCCAGCAGCCGCGG
TAATACGTAGGTCCCG
AGCGTTGTCCGGATTT
ATTGGGCGTAAAGCG
AGCGCAGG
TGGTTTATTAAGTCTG
GTGTAAAAGGCAGTG
GCTCAACCATTGTATG
CATTGGAAACTGGTA
GACTTGAG
TGCAGGAGAGGAGAG
TGGAATTCCATGTGTA
GCGGTGAAATGCGTA
GATATATGGAGGAAC
ACCGGTGGC
GAAAGCGGCTCTCTG
GCCTGTAACTGACACT
GAGGCTCGAAAGCGT
GGGGAGCAACAGGAT
TAGATACCC
TGGTAGTCCACGCCGT
AAACGATGAGTGCTA
GATGTAGGGAGCTAT
AAGTTCTCTGTATCGC
AGCTAACG
CAATAAGCACTTCGCT
GGGGAGTACGACCGC
AAGGTTGAAACTCAA
AGGAATTGACGGGGG
CCCGCACAA
GCGGTGGAGCATGTG
GTTTAATTCGAAGCAA
CGCGAAGAACCTTAC
CAGGTCTTGACATACT
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TGTCACTCCTGCCC
TCGGGGAGGACGA
AACTACACA
GGTTTTTAGTCGGC
AGCACAATGGGGC
GGGGCCCGCGTCC
TATTCATGTG
AGCGTAGTGAGAA
AGCAGCTCTGAGC
ATCCGTTACTAAAA
CCTTAAAAAT
CTTCTTGAGAATAC
CTCGGGGACTATTC
CTTCATAATTCAGG
GAGGTTCC
TGGCAGGGTACTTT
GGAAGACACCGCT
GCTTTCCCGGGGGT
GGTCGTCCC
GGCTCCGGTTGAG
AAGCCCTTTTTCCG
GGCTCCAAAATCCT
TTGGGTTTT
TATTTCCCCCAACC
AAAATAAGTTTGCT
TACCCCCCAAAAG
GGAAAATCC
TTTGGCTAACCCTT
ACAAAGGGGGGGG
GAGTCGGGCCGAA
AGGAAAAAAA
ACCTTGGCGGGGG
CAAGGGAGCCAAA
AAAAAAAACCTCC
CAAGGGCCCGC
CTACGGCCCCCCCT
ATAAAGAAACAAG
GGGGCGGGGLCCC
CTTTTTTTCT
TACCCCCCTGGCCG
GTGGGGAAGGGGG
CCTCCCCCCAAAAC
CCCCCCGGG
TTTGGGAGGGGGT
TGAAAAAATATTA
TTTAAGGCCCCCCC
CAAATTCCGC
CCGGTGATGGGGG
GTTTTTTTTGCGCC
CTCCCCACCCCATC
CTTTAAAAA
AAACAAAGGGGAA
ACTTTTTTTAAACC
ACCACCCGCGCCC
GGGGGGAGAA
AAAAAATTATTAA
TCCCCCCTGGGTGG

CGTGCTAT
TCCTAGAGATAGGAA
GTTCCTTCGGGACACG
GGATACAGGTGGTGC
ATGGTTGTCGTCAGCT
CGTGTCGT
GAGATGTTGGGTTAA
GTCCCGCAACGAGCG
CAACCCCTATTGTTAG
TTGCCATCATTAAGTT
GGGCACTC
TAACGAGACTGCCGG
TGATAAACCGGAGGA
AGGTGGGGATGACGT
CAAATCATCATGCCCC
TTATGACCT
GGGCTACACACGTGCT
ACAATGGATGGTACA
ACGAGTCGCGAGACA
GTGATGTTTAGCTAAT
CTCTTAAA
ACCATTCTCAGTTCGG
ATTGTAGGCTGCAACT
CGCCTACATGAAGTCG
GAATCGCTAGTAATCG
CGGATC
AGCACGCCGCGGTGA
ATACGTTCCCGGGCCT
TGTACACACCGCCCGT
CACACCACGGGAGTT
GGGAGTAC
CCGAAGTAGGTTGCCT
AACCGCAAGGTAGGG
CGCTTCCTAAGGTAAG
ACTCGATGACTGGAG
GTAGACGC
AACCAGTAGACAACG
CT
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GACCCCCTGTTTTT
GCCCCCACA
TCTTCCCCCCGCCG
GGTACACCCATTCC
CCCCCACCAAAAC
CCCTAATAT
AAAAATATATAAT
AAACCCTTTITTTTA
AAAAA
Al15 GGCCGGGCCCACT | GACGCTGCGGCGTGCT | 97% Microbial Culture
Lactococcus GACGCGTAGTGAG | AATACATGGCAAGTT Collection, National
lactis strain AGTTGAGCGCTCG GAAGCGCTGAAGGTT Centre for Cell Science,
RCB476 16S | AAGGTTGGTAC GGTACTTGTACCGACT Maharashtra,
ribosomal TTGTACCGACCGG GGATGAGC India
RNA gene AAGAGCAGCGAAC | AGCGAACGGGTGAGT
GGGTGAGTAACGC | AACGCGTGGGGAATC
Accession ID: | GTGGGGAATCT TGCCTTTGAGCGGGGG
KT260688.1 GCCTTTGAGCGGG ACAACATTTGGAAAC
GGACAACATTTGG GAATGCTAA
AAACGAATGCTAA TACCGCATAAAAACTT
TACCGCATAAA TAAACACAAGTTTTAA
AACTTTAAACACA GTTTGAAAGATGCAAT
AGTTTTAAGTTTGA | TGCATCACTCAAAGAT
AAGATGCAATTGC | GATCCC
ATCACTCAAA GCGTTGTATTAGCTAG
GATGATCCCGCGTT | TTGGTGAGGTAAAGG
GTATTAGCTAGTTG | CTCACCAAGGCGATG
GTGAGGTAAAGGC | ATACATAGCCGACCTG
TCACCAAGG AGAGGGTG
CGATGATACATAG | ATCGGCCACATTGGG
CCGACCTGAGAGG | ACTGAGACACGGCCC
GTGATCGGCCACA | AAACTCCTACGGGAG
TTGGGACTGAG GCAGCAGTAGGGAAT
ACACGGCCCAAAC | CTTCGGCAAT
TCCTACGGGAGGC | GGACGAAAGTCTGAC
AGCAGTAGGGAAT | CGAGCAACGCCGCGT
CTTCGGCAATG GAGTGAAGAAGGTTT
GACGAAAGTCTGA | TCGGATCGTAAAACTC
CCGAGCAACGCCG | TGTTGGTAG
CGTGAGTGAAGAA | AGAAGAACGTTGGTG
GGTTTTCGGAT AGAGTGGAAAGCTCA
CGTAAAACTCTGTT | TCAAGTGACGGTAACT
GGTAGAGAAGAAC | ACCCAGAAAGGGACG
GTTGGTGAGAGTG GCTAACTAC
GAAAGCTCAT GTGCCAGCAGCCGCG
CAAGTGACGGTAA | GTAATACGTAGGTCCC
CTACCCAGAAAGG | GAGCGTTGTCCGGATT
GACGGCTAACTAC | TATTGGGCGTAAAGC
GTGCCAGCAGC GAGCGCAG
CGCGGTAATACGT GTGGTTTATTAAGTCT
AGGTCCCGAGCGT | GGTGTAAAAGGCAGT
TGTCCGGATTTATT | GGCTCAACCATTGTAT
GGGCGTAAAG GCATTGGAAACTGGT
CGAGCGCAGGTGG | AGACTTGA
TTTATTAAGTCTGG | GTGCAGGAGAGGAGA
TGTAAAAGGCAGT GTGGAATTCCATGTGT
GGCTCAACCA AGCGGTGAAATGCGT
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TTGTATGCATTGGA
AACTGGTAGACTT
GAGTGCAGGAGAG
GAGAGTGGAA
TTCCATGTGTAGCG
GTGAAATGCGTAG
ATATATGGAGGAA
CACCGGTGGC
GAAAGCGGCTCTC
TGGCCTGTAACTGA
CACTGAGGCTCGA
AAGCGTGGGG
AGCAAACAGGATT
AGATACCCTGGTA
GTCCACGCCGTAA
ACGATGAGTGC
TAGATGTAGGGAG
CTATAAGTTCTCTG
TATCGCAGCTAAC
GCAATAAGCA
CTCCGCCCGGGGG
AGTACGACCGCAA
GGTTGAAACTCAA
AGGAATTGACG
GGGGCCCGCACAA
GCGGTGGAACCAG
GTGGTTTAATTCGA
AGCAACGCGA
AGAACCTTACCAG
GTCTTGACATACTC
GTGCTATTCCTAGA
AGATTAGGA
AGTTCCTTCGGGAC
ACGGGATACAGGT
GGGTGCATGGTTGT
CGTCAGCTC
GTGTCGTGAAAAT
GTTTGGGTTAAGTC
CCGCAACGAGCGC
AACCCCTATT
GTTAGTTGCCATCA
TTAAGTTGGGCACT
CTAACGAAACTGC
CGGTGATAA
ACCGGAGGAAAGG
TGGGGGATGAACG
TCAAATCATCCTGC
CCCCTTATGA
ACCTGGGGCTACA
CACCTGCCTACAA
AGGGAAGGTTACA
ACCAATTCCCC
GAGACAAGTGATG
TTTAACCAAACCCT
TTAAACA

AGATATATGGAGGAA
CACCGGTGG
CGAAAGCGGCTCTCTG
GCCTGTAACTGACACT
GAGGCTCGAAAGCGT
GGGGAGCAAACAGGA
TTAGATAC
CCTGGTAGTCCACGCC
GTAAACGATGAGTGC
TAGATGTAGGGAGCT
ATAAGTTCTCTGTATC
GCAGCTAA
CGCAATAAGCACTCC
GCCTGGGGAGTACGA
CCGCAAGGTTGAAAC
TCAAAGGAATTGACG
GGGGCCCGCA
CAAGCGGTGGAGCAT
GTGGTTTAATTCGAAG
CAACGCGAAGAACCT
TACCAGGTCTTGACAT
ACTCGTGC
TATTCCTAGAGATAGG
AAGTTCCTTCGGGACA
CGGGATACAGGTGGT
GCATGGTTGTCGTCAG
CTCGTGT
CGTGAGATGTTGGGTT
AAGTCCCGCAACGAG
CGCAACCCCTATTGTT
AGTTGCCATCATTAAG
TTGGGCA
CTCTAACGAGACTGCC
GGTGATAAACCGGAG
GAAGGTGGGGGATGA
CGTCAAATCATCATGC
CCCTTATG
ACCTGGGCTACACAC
GTGCTACAATGGATG
GTACAACGAGTCGCG
AGACAGTGATGTTTAG
CTAATCTCT
TAAAACCATTCTCAGT
TCGGATTGTAGGCTGC
AACTCGCCTACATGAA
GTCGGAATCGCTAGTA
ATCGCG
GATCAGCACGCCGCG
GTGAATACGTTCCCGG
GCCTTGTACACACCGC
CCG
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L2
Lactococcus
lactis strain
CAU:2674
16S ribosomal
RNA gene

Accession ID:
MF354497.1

GGGGGTCAGTATA
TTACTGCAGTTGAG
CGCTGAAGGTTGG
TACTTGTACC
GACTGGATGAGCA
GCGAACGGGTGAG
TAACGCGTGGGGA
ATCTGCCTTTG
AGCGGGGGACAAC
ATTTGGAAACGAA
TGCTAATACCGCAT
AAAAACTTTA
AACACAAGTTTTA
AGTTTGAAAGATG
CAATTGCATCACTC
AAAGATGATC
CCGCGTTGTATTAG
CTAGTTGGTGAGGT
AAAGGCTCACCAA
GGCGATGAT
ACATAGCCGACCT
GAGAGGGTGATCG
GCCACATTGGGAC
TGAGACACGGC
CCAAACTCCTACG
GGAGGCAGCAGTA
GGGAATCTTCGGC
AATGGACGAAA
GTCTGACCGAGCA
ACGCCGCGTGAGT
GAAGAAGGTTTTC
GGATCGTAAAA
CTCTGTTGGTAGAG
AAGAACGTTGGTG
AGAGTGGAAAGCT
CATCAAGTGA
CGGTAACTACCCA
GAAAGGGACGGCT
AACTACGTGCCAG
CAGCCGCGGTA
ATACGTAGGTCCC
GAGCGTTGTCCGG
ATTTATTGGGCGTA
AAGCGAGCGC
AGGTGGTTTATTAA
GTCTGGTGTAAAA
GGCAGTGGCTCAA
CCATTGTATG
CATTGGAAACTGG
TAGACTTGAGTGC
AGGAGAGGAGAGT
GGAATTCCATG
TGTAGCGGTGAAA
TGCGTAGATATATG
GAGGAACACCGGT

ACTGCAGTTGAGCGCT
GAAGGTTGGTACTTGT
ACCGACTGGATGAGC
AGCGAACGGGTGAGT
AACGCGTG
GGGAATCTGCCTTTGA
GCGGGGGACAACATT
TGGAAACGAATGCTA
ATACCGCATAAAAAC
TTTAAACAC
AAGTTTTAAGTTTGAA
AGATGCAATTGCATCA
CTCAAAGATGATCCCG
CGTTGTATTAGCTAGT
TGGTGA
GGTAAAGGCTCACCA
AGGCGATGATACATA
GCCGACCTGAGAGGG
TGATCGGCCACATTGG
GACTGAGAC
ACGGCCCAAACTCCTA
CGGGAGGCAGCAGTA
GGGAATCTTCGGCAAT
GGACGAAAGTCTGAC
CGAGCAAC
GCCGCGTGAGTGAAG
AAGGTTTTCGGATCGT
AAAACTCTGTTGGTAG
AGAAGAACGTTGGTG
AGAGTGGA
AAGCTCATCAAGTGA
CGGTAACTACCCAGA
AAGGGACGGCTAACT
ACGTGCCAGCAGCCG
CGGTAATACG
TAGGTCCCGAGCGTTG
TCCGGATTTATTGGGC
GTAAAGCGAGCGCAG
GTGGTTTATTAAGTCT
GGTGTAA
AAGGCAGTGGCTCAA
CCATTGTATGCATTGG
AAACTGGTAGACTTG
AGTGCAGGAGAGGAG
AGTGGAATT
CCATGTGTAGCGGTGA
AATGCGTAGATATATG
GAGGAACACCGGTGG
CGAAAGCGGCTCTCTG
GCCTGTA
ACTGACACTGAGGCTC
GAAAGCGTGGGGAGC
AAACAGGATTAGATA
CCCTGGTAGTCCACGC
CGTAAACG

98%

College of Food Science
& Nutritional
Engineering,

Beijing, China
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GGCGAAAGCG ATGAGTGCTAGATGTA
GCTCTCTGGCCTGT | GGGAGCTATAAGTTCT
AACTGACACTGAG | CTGTATCGCAGCTAAC
GCTCGAAAGCGTG | GCAATAAGCACTCCG
GGGAGCAAAC CCTGGGG
AGGATTAGATACC | AGTACGACCGCAAGG
CTGGTAGTCCACGC | TTGAAACTCAAAGGA
CGTAAACGATGAG | ATTGACGGGGGCCCG
TGCTAGATGT CACAAGCGGTGGAGC
AGGGAGCTATAAG | ATGTGGTTTA
TTCTCTGTATCGCA | ATTCGAAGCAACGCG
GCTAACGCAATAA | AAGAACCTTACCAGG
GCACTCCGCC TCTTGACATACTCGTG
CGGGGGAGTACGA | CTATTCCTAGAGATAG
CCGCAAGGTTGAA | GAAGTTCC
ACTCAAAGGAATT | TTCGGGACACGGGAT
GACGGGGGCCC ACAGGTGGTGCATGG
GCACAAGCGGTGG | TTGTCGTCAGCTCGTG
AACCAGGTGGTTT | TCGTGAGATGTTGGGG
AATTCGAAGCAAC | TTAAGTCC
GCGAAGAACCT CGCAACGAGCGCAAC
TACCAGGTCTTGAC | CCCTATTGTTAGTTGC
ATACTCGTGCTATT | CATCATTAAGTTGGGC
CCTAGAAAATAGG | ACTCTAACGAGACTGC
AAGTTCCTT CGGTGAT
CGGGACACGGGAT | AAACCGGAGGAAGGT
ACAGGTGGTTGCA | GGGGATGACGTCAAA
TGGTTGTCGTCAGC | TCATCATGCCCCTTAT
TCGTGTCGTG GACCTGGGCTACACA
AGATGTTGGGGTT | CGTGCTACA
AAGTCCCGCAACG | ATGGATGGTACAACG
AGCGCAACCCCTA | AGTCGCGAGACAGTG
TTGTTAGTTGC ATGTTTAGCTAATCTC
CATCATTAAGTTGG | TTAAAACCATTCTCAG
GCACTCTAACGAA | TTCGGATT
ACTGCCGGTGATA | GTAGGCTGCAACTCGC
AACCGGAGGA CTACATGAAGTCGGA
AAGGTGGGGGAAG | ATCGCTAGTAATCGCG
AAGTCCAATCAAT | GATCAGCACGCCGCG
CATGCCCCCTTATA | GTGAATAC
ACCTGGGGCT GTTCCCGGGCCTTGTA
ACACCCTGCTTAAA | CACACCGCCCGTCACA
AGGAAGGGTACAA | CCACGGGAGTTGGGA
CCAAGTCCCCGAA | GTACCCGAAGTAGG
AAAATGGTGG
TTTTTCTTAATTTCT
TTAAAACATTTTCC
TTTTCGGA
L3 GGGGGGGTGGGCG | GCAGGGGGTGGGCGG | 98% Key Lab of Dairy
Lactococcus ATCTTTATATACAT | CTTCCTTAATACATGC Science, Northeast
lactis strain GCAGTTGAGCGCT | AAGTTGAGCGCTGAA Agricultural University,
KLDS4.0602 | GAAGGTTGGT GGTTGGTACTTGTACC Heilongjiang, China.
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16S ribosomal
RNA gen

Accession ID:

GQ337894.1

ACTTGTACCGACTG
GATGAGCAGCGAA
CGGGTGAGTAACG
CGTGGGGAAT
CTGCCTTTGAGCGG
GGGACAACATTTG
GAAACGAATGCTA
ATACCGCATA
AAAACTTTAAACA
CAAGTTTTAAGTTT
GAAAGATGCAATT
GCATCACTCA
AAGATGATCCCGC
GTTGTATTAGCTAG
TTGGTGAGGTAAA
GGCTCACCAA
GGCGATGATACAT
AGCCGACCTGAGA
GGGTGATCGGCCA
CATTGGGACTG
AGACACGGCCCAA
ACTCCTACGGGAG
GCAGCAGTAGGGA
ATCTTCGGCAA
TGGACGAAAGTCT
GACCGAGCAACGC
CGCGTGAGTGAAG
AAGGTTTTCGG
ATCGTAAAACTCTG
TTGGTAGAGAAGA
ACGTTGGTGAGAG
TGGAAAGCTC
ATCAAGTGACGGT
AACTACCCAGAAA
GGGACGGCTAACT
ACGTGCCAGCA
GCCGCGGTAATAC
GTATATCCCGAGC
GTTGTCCGGATTTA
TTGGGCGTAA
AGCGAGCGCAGGT
GGTTTATTAAGTCT
GGTGTAAAAGGCA
GTGGCTCAAC
CATTGTATGCATTG
GAAACTGGTAGAC
TTGAGTGCAGGAG
AGGAGAGTGG
AATTCCATGTGTAG
CGGTGAAATGCGT
AGATATATGGAGG
AACACCGGTG
GCGAAAGCGGCTC
TCTGGCCTGTAACT
GACACTGAGGCTC
GAAAGCGTGG
GGAGCAAACAGGA

GACTGGAT
GAGCAGCGAACGGGT
GAGTAACGCGTGGGG
AATCTGCCTTTGAGCG
GGGGACAACATTTGG
AAACGAATG
CTAATACCGCATAAA
AACTTTAAACACAAGT
TTTAAGTTTGAAAGAT
GCAATTGCATCACTCA
AAGATGA
TCCCGCGTTGTATTAG
CTAGTTGGTGAGGTAA
AGGCTCACCAAGGCG
ATGATACATAGCCGA
CCTGAGAG
GGTGATCGGCCACATT
GGGACTGAGACACGG
CCCAAACTCCTACGGG
AGGCAGCAGTAGGGA
ATCTTCGG
CAATGGACGAAAGTC
TGACCGAGCAACGCC
GCGTGAGTGAAGAAG
GTTTTCGGATCGTAAA
ACTCTGTTG
GTAGAGAAGAACGTT
GGTGAGAGTGGAAAG
CTCATCAAGTGACGGT
AACTACCCAGAAAGG
GACGGCTAA
CTACGTGCCAGCAGCC
GCGGTAATACGTAGG
TCCCGAGCGTTGTCCG
GATTTATTGGGCGTAA
AGCGAGC
GCAGGTGGTTTATTAA
GTCTGGTGTAAAAGG
CAGTGGCTCAACCATT
GTATGCATTGGAAACT
GGTAGAC
TTGAGTGCAGGAGAG
GAGAGTGGAATTCCA
TGTGTAGCGGTGAAAT
GCGTAGATATATGGA
GGAACACCG
GTGGCGAAAGCGGCT
CTCTGGCCTGTAACTG
ACACTGAGGCTCGAA
AGCGTGGGGAGCAAA
CAGGATTAG
ATACCCTGGTAGTCCA
CGCCGTAAACGATGA
GTGCTAGATGTAGGG
AGCTATAAGTTCTCTG
TATCGCAG
CTAACGCAATAAGCA
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TTAGATACCCTGGT | CTCCGCCTGGGGAGTA
AGTCCACGCCGTA | CGACCGCAAGGTTGA
AACGATGAGT AACTCAAAGGAATTG
GCTAGATGTAGGG | ACGGGGGCC
AGCTATAAGTTCTC | CGCACAAGCGGTGGA
TGTATCGCAGCTAA | GCATGTGGTTTAATTC
CGCAATAAG GAAGCAACGCGAAGA
CACTCCGCCTGGG | ACCTTACCAGGTCTTG
GAGTACGACCGCA | ACATACTC
AGGTTGAAACTCA | GTGCTATTCCTAGAGA
AAGGAATTGAC TAGGAAGTTCCTTCGG
GGGGGCCCGCACA | GACACGGGATACAGG
AGCGGTGGAGCAT | TGGTGCATGGTTGTCG
GTGGTTTAATTCGA | TCAGCTC
AGCAACGCGA GTGTCGTGAGATGTTG
AGAACCTTACCAG | GGTTAAGTCCCGCAAC
GTCTTGACATACTC | GAGCGCAACCCCTATT
GTGCTATTCCTAGA | GTTAGTTGCCATCATT
GATAGGAAG AAGTTG
TTCCTTCGGGACAC | GGCACTCTAACGAGA
GGGATACAGGTGG | CTGCCGGTGATAAACC
TGCATGGTTGTCGT | GGAGGAAGGTGGGGA
CAGCTCGTG TGACGTCAAATCATCA
TCGTGAGATGTTGG | TGCCCCTT
GTTAAGTCCCGCA | ATGACCTGGGCTACAC
ACGAGCGCAACCC | ACGTGCTACAATGGAT
CTATTGTTAG GGTACAACGAGTCGC
TTGCCATCATTAAG | GAGACAGTGATGTTTA
TTGGGCACTCTAAC | GCTAATC
GAGACTGCCGGTG | TCTTAAAACCATTCTC
ATAAACCGG AGTTCGGATTGTAGGC
AAGGAAGGTGGGG | TGCAACTCGCCTACAT
ATGACGTCAAATC | GAAGTCGGAATCGCT
ATCATGCCCCTTAT | AGTAATC
GACCTGGGGC GCGGATCAGCACGCC
TACCCCCGTGCTAC | GCGGTGAATACGTTCC
AATGGGATGGGAC | CGGGCCTTGTACACAC
AACCAATCCCCGA | CGCCCGTCACACCACG
AAAAGGGAAG GGAGTTG
TTTAACCTAATCCC | GGAGTACCCGAAGTA
TTTAAAACCATTIT | GGTTGCCTAACCGCAA
CCAGTTCGGAATTG | GGAGGGCGCTTCCTA
AAG AGGTAAGACCGATGA
CTGGGGTGA
AGTCGTAACAAGTAG
CCGGAGGG
L7 GCGGGGTGCCTCG | GGCCACATTGGGACT | 97% School of Microbiology,
Lactococcs TATTTTCGTGCAGT | GAGACACGGCCCAAA University College Cork,
lactis subsp. TGAGCGCTGAAGG | CTCCTACGGGAGGCA Munster, Ireland.
lactis strain TTGGTACTTG GCAGTAGGGAATCTTC
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ucr7

Accession ID:
CP015906.1

TACCGACTGGATA
GAGCAGCGAACGG
GTGAGTAACGCGT
GGGGAATCTGC
CTTTGAGCGGGGG
ACAACATTTGGAA
ACGAATGCTAATA
CCGCATAAAAA
CTTTAAACACAAGT
TTTAAGTTTGAAAG
ATGCAATTGCATCA
CTCAAAGA
TGATCCCGCGTTGT
ATTAGCTAGTTGGT
GAGGTAAAGGCTC
ACCAAGGCG
ATGATACATAGCC
GACCTGAGAGGGT
GATCGGCCACATT
GGGACTGAGAC
ACGGCCCAAACTC
CTACGGGAGGCAG
CAGTAGGGAATCT
TCGGCAATGGA
CGAAAGTCTGACC
GAGCAACGCCGCG
TGAGTGAAGAAGG
TTTTCGGATCG
TAAAACTCTGTTGG
TAGAGAAGAACGT
TGGTGAGAGTGGA
AAGCTCATCA
AGTGACGGTAACT
ACCCAGAAAGGGA
CGGCTAACTACGT
GCCAGCAGCCG
CGGTAATACGTAG
GTCCCGAGCGTTGT
CCGGATTTATTGGG
CGTAAAGCG
AGCGCAGGTGGTT
TATTAAGTCTGGTG
TAAAAGGCAGTGG
CTCAACCATT
GTATGCATTGGAA
ACTGGTAGACTTG
AGTGCAGGAGAGG
AGAGTGGAATT
CCATGTGTAGCGGT
GAAATGCGTAGAT
ATATGGAGGAACA
CCGGTGGCGA
AAGCGGCTCTCTG
GCCTGTAACTGAC
ACTGAGGCTCGAA
AGCGTGGGGAG
CAAACAGGATTAG

GGCAATGGA
CGAAAGTCTGACCGA
GCAACGCCGCGTGAG
TGAAGAAGGTTTTCGG
ATCGTAAAACTCTGTT
GGTAGAGA
AGAACGTTGGTGAGA
GTGGAAAGCTCATCA
AGTGACGGTAACTAC
CCAGAAAGGGACGGC
TAACTACGTG
CCAGCAGCCGCGGTA
ATACGTAGGTCCCGA
GCGTTGTCCGGATTTA
TTGGGCGTAAAGCGA
GCGCAGGTG
GTTTATTAAGTCTGGT
GTAAAAGGCAGTGGC
TCAACCATTGTATGCA
TTGGAAACTGGTAGA
CTTGAGTG
CAGGAGAGGAGAGTG
GAATTCCATGTGTAGC
GGTGAAATGCGTAGA
TATATGGAGGAACAC
CGGTGGCGA
AAGCGGCTCTCTGGCC
TGTAACTGACACTGAG
GCTCGAAAGCGTGGG
GAGCAAACAGGATTA
GATACCCT
GGTAGTCCACGCCGTA
AACGATGAGTGCTAG
ATGTAGGGAGCTATA
AGTTCTCTGTATCGCA
GCTAACGC
AATAAGCACTCCGCCT
GGGGAGTACGACCGC
AAGGTTGAAACTCAA
AGGAATTGACGGGGG
CCCGCACAA
GCGGTGGAGCATGTG
GTTTAATTCGAAGCAA
CGCGAAGAACCTTAC
CAGGTCTTGACATACT
CGTGCTAT
TCCTAGAGATAGGAA
GTTCCTTCGGGACACG
GGATACAGGTGGTGC
ATGGTTGTCGTCAGCT
CGTGTCGT
GAGATGTTGGGTTAA
GTCCCGCAACGAGCG
CAACCCCTATTGTTAG
TTGCCATCATTAAGTT
GGGCACTC
TAACGAGACTGCCGG
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ATACCCTGGTAGTC | TGATAAACCGGAGGA
CACGCCGTAAACG | AAGTGGGGGATGACG
ATGAGTGCTA TCAAATCATCATGGCC
GATGTAGGGAGCT | CCTTATGAC
ATAAGTTCTCTGTA | CTGGGGCTACACACGT
TCGCAGCTAACGC | GCTTACAATGGGAGG
AATAAGCACT GGACAACCAAGTCCC
CCGCCTGGGGAGT | CGAACAAGGGAAGTT
ACGACCGCAAGGT | TAACTAAAC
TGAAACTCAAAGG | TCCTTAAAACCATTTT
AATTGACGGGG CCAGTTTCCGATTTGA
GCCCGCACAAGCG | AGGCTGCAACTCCGCT
GTGGAGCATGTGG | TAATTGAGATCCGGA
TTTAATTCGAAGCA | ATCCCCT
ACGCGAAGAA TTTAATCCGGGAAACA
CCTTACCAGGTCTT | ACACCCCCCGGTGGAT
GACATACTCGTGCT | AATTTCCCCGGGCCTG
ATTCCTAGAGATA | TTTAACACCGCCGGTC
GGAAGTTCC ACCCAC
TTCGGGACACGGG | ACGGGGGATTGGGAA
ATACAGGTGGTGC | GACCCCAAAAAAGTT
ATGGTTGTCGTCAG | GGCTAACCCCAGGAG
CTCGTGTCGT GGGCGTTCTAAT
GAGATGTTGGGTT
AAGTCCCGCAACG
ACCGCAACACCTA
TTGTTAGTTGC
CATCATTACCTTGG
GCACTCTACGGAG
ACTGCCGGTGATA
AACCGGCAGG
AAGATGAGGAATG
ACGTCCAACCGTCC
AGCCCCTTTATGAC
CTGGGGTCA
CCACCTGCCAGAA
AGGAAGGGTCAAA
CAAGCTCGGGAGG
AAGGGAATTTT
TACCCAAGCTCTTG
ATAACCTTCTTCCA
ATCCGAAAAG
L9 CGGCGGTGTCGAC | GGACATGGCGGCGTT | 98% Biological Sciences,
Lactococcus GTATATTCGTGCAG | GCTATACATGCAGTTG Faculty of Sciences, King
lactis strain TTGAGCGCTGAAG | AGCGCTGAAGGTTGG Abdulaziz University,
HadRami9 GTTGGTACTT TACTTGTACCAACTGG Jeddah, Saudi Arabia
16S ribosomal | AGTACCGACTGGA || ATGAGCAG
RNA gene TAGAGCAGCGAAC | CGAACGGGTGAGTAA
GGGTGAGTAACGC | CGCGTGGGGAATCTG
Accession ID: | GTGGGGAATCT CCTTTGAGCGGGGGA
KU324909.1 | GCCTTTGAGCGGG | CAACATTTGGAAACG
GGACAACATTTGG AATGCTAATA
AAACGAATGCTAA | CCGCATAAAAACTTTA
TACCGCATAAA AACACAAGTTTTAAGT
AACTTTAAACACA TTGAAAGATGCAATTG
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AGTTTTAAGTTTGA
AAGATGCAATTGC
ATCACTCAAA
GATGATCCCGCGTT
GTATTAGCTAGTTG
GTGAGGTAAAGGC
TCACCAAGG
CGATGATACATAG
CCGACCTGAGAGG
GTGATCGGCCACA
TTGGGACTGAG
ACACGGCCCAAAC
TCCTACGGGAGGC
AGCAGTAGGGAAT
CTTCGGCAATG
GACGAAAGTCTGA
CCGAGCAACGCCG
CGTGAGTGAAGAA
GGTTTTCGGAT
CGTAAAACTCTGTT
GGTAGAGAAGAAC
GTTGGTGAGAGTG
GAAAGCTCAT
CAAGTGACGGTAA
CTACCCAGAAAGG
GACGGCTAACTAC
GTGCCAGCAGC
CGCGGTAATACGT
AGGTCCCGAGCGT
TGTCCGGATTTATT
GGGCGTAAAG
CGAGCGCAGGTGG
TTTATTAAGTCTGG
TGTAAAAGGCAGT
GGCTCAACCA
TTGTATGCATTGGA
AACTGGTAGACTT
GAGTGCAGGAGAG
GAGAGTGGAA
TTCCATGTGTAGCG
GTGAAATGCGTAG
ATATATGGAGGAA
CACCGGTGGC
GAAAGCGGCTCTC
TGGCCTGTAACTGA
CACTGAGGCTCGA
AAGCGTGGGG
AGCAAACAGGATT
AGATACCCTGGTA
GTCCACGCCGTAA
ACGATGAGTGC
TAGATGTAGGGAG
CTATAAGTTCTCTG
TATCGCAGCTAAC
GCAATAAGCA
CTCCGCCTGGGGA
GTACGACCGCAAG

CATCACTCAAAGATG
ATCCCGC
GTTGTATTAGCTAGTT
GGTGAGGTAAAGGCT
CACCAAGGCGATGAT
ACATAGCCGACCTGA
GAGGGTGAT
CGGCCACATTGGGACT
GAGACACGGCCCAAA
CTCCTACGGGAGGCA
GCAGTAGGGAATCTTC
GGCAATGG
ACGAAAGTCTGACCG
AGCAACGCCGCGTGA
GTGAAGAAGGTTTTCG
GATCGTAAAACTCTGT
TGGTAGAG
AAGAACGTTGGTGAG
AGTGGAAAGCTCATC
AAGTGACGGTAACTA
CCCAGAAAGGGACGG
CTAACTACGT
GCCAGCAGCCGCGGT
AATACGTAGGTCCCG
AGCGTTGTCCGGATTT
ATTGGGCGTAAAGCG
AGCGCAGGT
GGTTTATTAAGTCTGG
TGTAAAAGGCAGTGG
CTCAACCATTGTATGC
ATTGGAAACTGGTAG
ACTTGAGT
GCAGGAGAGGAGAGT
GGAATTCCATGTGTAG
CGGTGAAATGCGTAG
ATATATGGAGGAACA
CCGGTGGCG
AAAGCGGCTCTCTGGC
CTGTAACTGACACTGA
GGCTCGAAAGCGTGG
GGAGCAAACAGGATT
AGATACCC
TGGTAGTCCACGCCGT
AAACGATGAGTGCTA
GATGTAGGGAGCTAT
AAGTTCTCTGTATCGC
AGCTAACG
CAATAAGCACTCCGCC
TGGGGAGTACGACCG
CAAGGTTGAAACTCA
AAGGAATTGACGGGG
GCCCGCACA
AGCGGTGGAGCATGT
GGTTTAATTCGAAGCA
ACGCGAAGAACCTTA
CCAGGTCTTGACATAC
TCGTGCTA
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GTTGAAACTCAAA
GGAATTGACGG
GGGCCCGCACAAG
CGGTGGAGCATGT
GGTTTAATTCGAAG
CAACGCGAAG
AACCTTACCAGGTC
TTGACATACTCGTG
CTATTCCTAGAAGA
TAGGAAGT
TCCTTCGGGACACG
GGATACAGGTGGT
GCATGGTTGTCGTC
AGCTCGTGT
CGTGAGATGTTTGG
GTTAAGTCCCGCA
ACGAGCGCAACCC
CTATTGTTAG
TTGCCATCATTTAA
GTTGGGCACTCTAA
CGAGACTGCCGGT
GATAAACCG
AAGAAAAAGGTGG
GGGAAGAAAAACC
AAAACATCAAGGC
CCCCTTAGAAC
CGGGGGGTACAAC
CGGGTTCCAAAGG
AAGTGTGCCACCA
AATCCCCCAAC
AAAAGGAGGTGTT
TCCCAAACCTCTTA
AAACAATTCTCCTT
TTCTGGAAA
TTAAGAGGGGGAA
ACTTT

TTCCTAGAAGATAGG
AAGTTCCTTCGGGACA
CGGGATACAGGTGGG
TGCATGGTTGTCGTCA
GCTCGTGT
CGTGAGATGTTTGGGT
TAAGTCCCGCAACGA
GCGCAACCCCCTATTG
TTAGTTGCCATCATTT
AATTTGG
GCACTCTAACCAAAA
CTGCCGGTGATAAACC
CGAAGAAAGGGTGGG
GGATGAACTCCAAAT
CCTCCATGG
CCCCTTATGACCTGGG
GGTACCACCCT
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Descriptives
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound Upper Bound | Minimum | Maximum
DPPH 4% 275 C 3 85.6767 13279 07667 85.3468 86.0065 85.60 8583
54%275C 3 84 2967 1.815855 1.04821 79.7866 88.8068 82.76 86.30
25% 2758 3 83.6700 13856 .0aoao 83.3258 84.0142 8359 83.83
3% 30 3 86.1067 1.61280 REi by | 82.1000 901133 84.65 87.84
4% 31.04 3 82.8800 226442 1.30736 T77.2549 88.5051 80.28 84.42
4% 275 3 80.0867 279438 1.61333 73.1451 87.0283 76.86 81.70
4% 239 3 81 8567 1.25125 7224 T78.7484 84 8650 80.52 83.00
3% 25 3 852433 1.63830 94587 811736 85.3131 84118 a7.13
4% 27.5 3 82.0800 2.64059 1.52454 T76.5304 88.6496 80.28 8512
0% 30C 3 81.5800 1.12743 (65082 78.7793 84 3807 80.87 82.88
A% 25C 3 821700 2.09716 1.21080 76.9604 87.3796 8052 894.53
Total 33 83.2415 238198 41485 82,3969 840861 76.86 8v.84
FRAP 4% 275C 3 | 155.4600 6.09753 352041 1403129 170.6071 145.01 161.13
54%275C 3 | 164.2133 117577 67883 161.2926 167.131 163.14 165.47
25% 275 3 | 164.2133 4 56107 2.63333 152.8830 175.5437 161.58 169.48
3% 30 3 | 1542767 9.85527 5.68995 129.7948 178.7585 14412 163.80
4% 31.04 3 | 152.8300 814643 470334 1325931 173.0669 147.01 162.14
4% 275 3 | 161.9900 6.36342 367392 1461824 177.7976 15513 167.70
4% 23.9 3 | 165.3600 5.03852 2.90899 162.8436 177.8764 160.02 170.03
3% 25 3 | 153.4600 757151 437141 1346513 172.2687 14523 160.13
4% 275 3 | 158.9833 9.64472 499103 137.5087 180.4580 149.23 165.70
0% 30C 3 | 167 4767 8.06782 4 65796 147.4351 187.5182 158.91 174.93
5% 25C 3 | 160.8767 14.31424 8.26433 1253131 196.4352 147.01 175.60
Total 33 [ 1599218 8.29476 1.44393 166.9806 162.8630 14412 175.60
Fhenolic 4% 275C 3 451300 8.52283 4.92071 23.9579 66.3021 3589 52.86
4% 2TAC 3 67.4200 272820 1.67513 60.6428 741972 64.41 69.73
25% 2758 3 58.5833 722121 4169117 40.6449 765218 5025 63.00
3% 30 3 48.5067 10.89547 6.29050 21.4408 754725 40.91 60.99
4% 31.04 3 541333 17.28863 9.98737 11.1612 97.1055 3479 68.12
4% 27.5 3 65.0800 5.08469 2.93565 52.4489 Tr7M 509.49 69.43
4% 239 3 58.0500 7.18871 415040 40,1923 759077 4975 62.30
3% 25 3 525833 814921 470495 32,3496 728371 4352 59.29
4% 275 3 58.0467 19.10969 | 11.03289 10.5756 105.5178 35899 69.63
0% 30C 3 64.2067 3.06270 1.76825 56.5985 71.8148 6210 67.72
% 26C 3 52.6933 935381 5.40048 29 4569 759297 44 53 62.90
Total 33 56.7676 10.86816 1.89190 529139 60.6213 34.79 69.73
ANOVA
Sum of
Squares df Mean Square F Sig.
DPFH Between Groups 110.0349 10 11.004 3.3845 .oos
Within Groups 71.6524 22 3.251
Total 181.563 3z
FRAP Between Groups 220134 10 g82.013 1.306 287
Within Groups 1381.564 22 G2.798
Tatal 2201.6949 3z
Phenolic  Between Groups 1467.381 10 146.738 1.396 246
Within Groups 2312.361 22 105107
Total ATT7a.742 32




FRAP
Duncan?®
Subsetfor
alpha=0.05
sample M 1
4% 31.04 3 1652.8300
3% 25 3 153.4600
3% 30 3 1654 2767
4% 2756 C 3 1554600
4% 27.5 3 1658.9833
A% 25C 3 1608767
4% 27.5 3 161.98900
B4%2TAHC 3 164.2133
2% 274 3 164.2133
4% 23.9 3 165.3600
0% 30C 3 167 4767
Sig. 0645

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmaonic Mean Sample Size =

3.000.
Phenolic
Duncan?®
Subsetforalpha=0.05

sample M 1 2
4% 275 C 3 451300
3% 30 3 48.5067 48,8067
3% 25 3 52.5933 5265833
5% 25C 3 52.6933 526833
4% 31.04 3 541333 541333
4% 27.5 3 58.0467 58.0467
4% 23.9 3 58.0500 58.0500
25%27.5 3 5B8.5833 58.6833
50% 30C 3 64.2067 64,2067
4% 27.5 3 G5.02800 65.0200
54 %2THC 3 67.4200
Sig. 082 064

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Post Hoc Tests

Homogeneous Subsets

DPPH

Duncan®

Subsetforalpha=0.05
sample 1 2 3 4
4% 27.4 3 | B0.0867
50% 30C 3 | B1.5800 | 81.5800
4% 2349 3 | B81.8867 | 81.8567 | B1.8567
4% 27.5 3 | B82.0900 | B82.0800 | B82.0900
5% 25C 3 | 821700 | 821700 | 821700
4% 31.04 3 | 82.8800 | 828800 | 82.8800 | B82.88300
2.85% 27.5 3 83.6700 | B3.6700 | 83.6700
54%275C 3 84,2067 | 8420967 | 84.2867
3% 25 3 86.2433 | B85.2433
4% 275 C 3 856767
3% 30 3 86. 1067
Sig. 06 18 055 064

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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FOOD INNOVATION ASIA CONFERENCE 2014

"Science and Innovation for Quality of Life"
12-13 June, 2014
BITEC, Bangkok, Thailand
The conference will provide opportunity to meet and share expertences as well as strengthen networking among interational food scientists and scientists in related
fields from academia, government and food industries. “FOOD INNOVATION ASIA 2014” is to highlight sipnificant developments in research and innovations in
food science and technology with an emphasis on food products mnovation. The conference will feature a series of presentations and discussions i plenary,
concurrent and poster ses-sions, informal gatherings, competitions and exhibitions in areas:

[Presentation areas @ ProPak ASIA 2014

» Food Health and Nutrition @ FoSTAT-Nestle Quiz Bowl 2014

o Food Processing and Engineering @ Food Innovation Contest 2014 (final round

»  Food Microbiology. Food Safety and Quality @ 30th Anmiversary of Food Science & Technology Kasetsart University

o Food Chemistry and Analysis @ 3rd [nternational Seminar on Food & Agricultural Science (ISFAS) 2014
» Food Product Development and Ingredient Innovations @ International Food & Agricultural Packaging Meeting 2014

o Sensory and Consumer Research @ FIFSTA Annual meeting

o Food & Agricultural Packaging Technology & Innovations ® ATAC Annual meeting

» Food Supply Cham Management

o  Food Security and Sustainability

Important Dates

@ Period for abstract submission  Janvarv 1 - February 28, 2014
March 1-10, 2014 (extended period)*

@ Notification of abstract acceptance March 15, 2014 for abstract submutted by February 28, 2014
March 23, 2014 for abstract submitted by March 10, 2014

@ Deadline for full paper submission March 31, 2014

@ Notification of paper acceptance May 10. 2014

*Participants who submit their abstract(s) during the extended period should be aware that the deadline for full paper submission either for the conference proceedings
or kasetsart Journal 1s March 31, 2014. Such deadline will not be extended any further.

Registration

Delegate Early bird rate Regular rate(After May 31,2014)
Participant 200 USD 2350 USD

Student 100 USD 120 USD

Accompany / Visitors (Student only-Not included
coffee & lunch conference bag and book of abstract)
(Bank charges must be paid by the delegate)

Deadline for Registration Fee Payment May 31,2014
fivan - dasiaraanzdau (@ulne)

Organizers

@ Faculty of Agro-Industry, Kasetsart University
@ Food Science and Technologv Association of Thailand (FoSTAT)

60 USD 60 USD
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Abstract

In this study, different brans of Thai color rice cultivars namely, red rice (mali dang), brown rice
{gum plewak dum) and black rice (dum moko) was used to produce kefir by fermentation of kefir
culture for 72 hours. The aim of this study was to find the difference between color rice-milk kefir
with and without UHT milk addition on their total phenolic, antioxidant activities and physiochemical
properties. The samples were analyzed using the Folin-Ciocaltieau method for total phenolic content,
2, 2 -diphenyl-1-pricrylhydrozyl (DPPH) scavenging method, Ferric reducing antioxidant power
(FRAP) and Hydroxyl radical (OH) scavenging activity. The resulis indicated that the highest total
phenolic compound was found to be 1.60 mg/ for Kefir produced from 48 hours of fermentation of
red rice milk without UHT milk. With the DPPH scavenging method, methanolic extract of kefir
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produced from fermented red rice milk with UHT milk for 0 hour showed the highest scavenging
activity of 64 37% while FRAP values ware higher for kefir produced from 24 hours fermented black
rice milk with UHT milk, which was found to be 4.00 mg Fe (). Likewise with the hydroxyl
scavenging method, Kefir produced from 24 hours fermented red rice milk without UHT milk showed
the highest scavenging activity of 99.37%. However, all three color rice milk kefir showed the

possibility of presence of polyphenols which have antioxidant properties. These results conclude that
Kefir produced from fermented rice milk without UHT milk and rice milk with UHT milk could be a

promising source of natural anfioxidants with good potential for improving health.

Keywords: Kefir, colored rice, rice-milk, UHT milk, natural antioxidant.

Introduction

The word "Kefir” is derived from the Turkish
word "keyif, which means "fesling good™ after
its ingestion (Lopitz ef al. 2006, Tamime,
2006). Kefir is defined as a beverage
produced by the action of laclic acid bacteria
(LAB) (lactobacilli, lactococci, leuconosiocs),
yeasis, and acefic acid bacteria
(aceterobacteria) on mik (Famworth and
Mainville, 2008; Halle &f al, 1994) Kefir is
characterized by its distinct flavour, typical of
yeast and an effervescent effect felt in the
mouth (Lopitz ef al, 2006; Rattray and
Connell, 2011). The main products of Kefir
fermentation are lactic acid, ethanol and
carbon dioxide, which confer upon this
beverage viscosity, acidity and low alcohol
content. Minor components can also be
found, including diacetyl, acetaldehyde, athyl
and amino acids contributing to the flavor
composition (Rattray and Connell, 2011).
Moreover, Kefir has antimicrobial,
antihypertensive, antiinflammatory, anticarci-
mogenic, antiallergic, and antioxidant activity;

participates in immune-system modulation;

reduces cholesterol levels; and alleviates
lactose intolerance (Famworth 2005).

In addition, nitrogen compounds and
carotenoids, as well as ascorbic acids, are
natural antioxidants which are obtained from
plants (Laandrault ef al, 2001; lgbal &t al,
2005). Similarly Lin & Yen (1999) showed
that natural antioxidants from foods may
reduce the oxidative damage on the human
body. Moreover, there are many siudies
relating to antioxidant activity in rice, but few
relating to rice milk. Furthermore, colored rice
reported as potent sources of antioxidants
and encouragements as viable sources of
antioxidants for functional foods were made
(Yawadio et al., 2007).

Besides, the anfioxidant activilies of
the brown rice extract were higher than BHA
(Supasit Chooklin. 2013). But, a study by
Wang et al, (2008); Rekha and
Vijayalakshmi, (2008) on soy milk showed
that there is an increase in antioxidative
activities of soymilk after fermentation with
lactic acid bacteria, bifidobactenia and
Probiotic Yeast. Similarly, Sirirat and Jelena,
(2010) showed rice mik kefir has high
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antioxidant activity compared fo BHA.
Moreover there are wvariations among
antioxidant properties of Kefir samples

produced from different cow/soy milk mixtures
related to the soymilk ratic in kefir milk
{Kesenkas &t al, 2011). Besides this, a study
by Je Ruei ef al. (2005) proved that Kefirs
are potential antioxidants that interact with a
wide range of spacies directly responsible for
oxidative damage. There are only few studies
relating to the activity of rice milk kefir (Sirirat
and Jelena, 2010).

This research has aimed to investigate
the antioxidant activiies and find the
difference between Thai glutinous rice-milk
kefir with and without UHT milk addition.
Firstly, the total phenclic content (TPC) of rice
milk Kefir, rice and cow milk kefir

the Folin-Ciocalteu

was
measured  following
method, using gallic acid as the standard.
Antioxidant aciivity was determined using

Hydroxyl radical (OH) scavenging, the FRAP

method and the DPPH method. The
physiochemical propertias WEers also
determined.

Materials and methods
The experiments were camied out at the
Depariment of Bictechnology, Faculty of
Technology, Mahasarakham LUiniversity,
Thailand, during the pericd December 2012 to
September 2013
Materials

Thai rice cultivars used in this study
were unpolished waxy color rice (mali dang
(brown color), gum plevak dum (red color)

and dum moko (black color) from {Roi-et, and
Udonthani Thailland).
Reagents and Chemicals

Folin-Ciocalteau  reagent, 2,
diphenyl-1-pricrylhydrozyl (DPPH), Gallic acid,
Methanol, NaOH — phosphate buffer (pHT).
Sodium carbonate.

2=

Methods
Preparation of Rice Milk

Firstly, 500 g of (mal dang. gum
pleuak dum and dum moko) rice was soaked
in 1 L distillated water for 24 hrs. Then it was
blended, fitrated with cotton sheet and
cooked at 72 °c for 15 min, after which the
milk was cooled and ready for use.
Kefir Culturing

Kefir cultures DC 500 | from {Danisco
Biclacta, Poland) was used as starter
culiures. The starter cultures were grown in
MRS medium and were incubated at 25°c for
24 hrs then frozen at 4° C until they were
used.
Kefir and Rice milk Fermentation

Rice mik prepared earlier and UHT
milk was used to produce kefir. Three
varniaties of rice milk (mali dang, gum pleuak
dum and dum moko) and UHT milk (total fat 9
% were used. Flask Fermentation was camied
out at 24-26"C for O (start), 24, 48 and 72 hrs
by using 10% (wv) of Kefir Starter culiure.
Time O hr
initiation
conducted in triplicate.

iz considered as the start or

time. The experiments were
Physiochemical properties

The pH value was determined using a
digital pH meter. The viscosity of the sample

was determined using a viscometer. The




fitratable acidity (°Th) for the sample was
determined by the method according to
(Steffen, 1971; Sirrat and Jelena, 2010).
Briefly, 20 ml of deionized water was added
to 10 ml of milk and then 5 ml of alcoholic
solution of phenclphthalein was added then
the mixture was litrated with 1 M NAOH to
the first persistent pink color. The amount of
NAOH required was recorded. This amount
was multiplied by 10 and gave the Th per 100
ml of milk.
Total Phenolic contant

The total phenolic contents of Kefir
produced from colored rice mik with and
without UHT cow milk were determined by
modified method of Singlelon and Ross,
(1965) using Folin-Ciocalteu's reagent. Briefly,
1 ml of colored rice milk kefir, color rice milk
with and without UHT milk was added to 1
mL of gallic acid. Then 10 ml of water was
added to the mixture after that, Folin-
Ciocalteu's reagent (1:10) 0.5 ml was added
and allowed to stand for 30 mins in room
temp. At 20% (wiv) sodium carbonate (3 mil)
and deionized water was added to the
mixture and the volume was made to 50 mil.
After being kept in darkness for 15 min,
absorbance was measured at 725 nm using a
specirophctometer. The amount of total
phenolic was calculated using the Gallic Acid
Calibration Curve.
DPPH Free radical scavenging

The antioxidant activity of Kefir
produced from colored rice mik with and
without UHT milk was evaluated through a

free radical scavenging effect on 2, 2-

diphenyl-1- picrylhydrazyl (DPPH) radical. The
determination was based on the method
followed by Sirirat and Jelena, (2010). Briefly,
3 ml of DPPH solution was added to 0.1 ml of
sample or 85% ethanol, which was used as
control, mixed well and incubated for 30 min
in a dark room at room ftemperature.
Absorbance was measured at 517 nm using
a specirophotometer. The percentage of

DPPH scavenging was calculated as:
(control absorbance — extract absorbance)
(Control absorbance)
Determination of Ferric Reducing

lAntioxidant Power Assay (FRAP)

100

A FRAFP assay was done with slight
modification to the method of Benzie and
Strain, (1999). FRAP reagent was prepared
from acetate buffer (300 mM acetate buffer
and adjusted to a pH of 3.6 by acetic acid
and made up to 100 ml), 10 mM 2.4 6-
Tripyridyl-s-Triazine TPTZ solution in 40 mM
HCL and 20 mM iron (lll) chloride solution
and 300 mM acetate buffer in proportion of
1:1:10 (wiv) respectively. The prepared FRAP
reagent was used for the experiment as
follows: 300 pl sample or the standard was
added to 1.7 ml of FRAP reagent The
mixture was mixed thoroughly and was
incubated in the dark for 10 mins. The
absorbance was measured at 585 nm using a
spectrophotometer. The standard curve (r =
0.9995) for FRAP was plotted with the
absorbance at 595 nm and the values
obtained were expressed in mM of ferrous

equivalent Fe (Il) per gram of sample.

(control absorbance — extract absorbance) “10

(Control absorbance)
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Determination of Hydroxyl Radical (OH)
scavenging activity

Hydroxyl radical (OH) scavenging
activity was performed according to the
method followed by Sidrat and  Jelena,
{2010).Briefly, 0.075 ml of sample was mixed
with 0.2 M sodium phosphate buffer (pH of
0.7), 0.15 ml 2-Deoxyribose (10 mM), 0.15 ml
of EDTA (10 mM), 0.15 mL of FeSO, (10
mi), 0.15 mL of hydrogen peroxide (10 mM),
0525 ml of water. Samples were then
incubated at 37°C for 4 hrs. After incubation,
0.75 ml of trichlorcactric acid (2.8%) acid and
thiobarbituric (0.1%) acid were added. Then,
samples ware kept in a boiling water bath for
10 mins. The absorbance of each sample
was measured at 520 nm and ethanol was
used as a control. The percentage of hydroxyl

scavenging was calculated as:
(control absorbance — extract ahsorbance)
(Control ahsorbance)
Statistical Analyses

“100

Results obtained were reported as
mean+ SD  of firplicate measurements.
Significant differences for multiple
comparisons were determined by a two way
analysis of variance (ANOVA) followed by a
Duncan test with O = 0.05, significance level
of P = 0.05 using SPSS (version 19).

Results and Discussion
Physicchemical properties

After the fermentation, a foamy drink
wag obtained. The viscosity of Kefir produced
from 0, 24, 48 and 72 hrs fermented rice milk
without UHT milk was slightly higher than the
kefir produced from 0, 24, 48 and 72 hrs
fermented rice milk with UHT milk. With

regard to wiscosity, the highest value was
found to be 25 cps for kefir produced from O
hrs fermented black rice milk without UHT
milk. In terms of pH, the highest was found to
be 4.23 for Kefir produced from fermented
black rice milk with UHT milk. The highest
acidity value was found to be 1.83 ® Th for
Kefir produced from 48 hre fermented red rice
milk without UHT mik. The wvalues are
presentad in table 1. No significant difference
was found in the acidity, pH and viscosity
between the Kefir produced from fermented
rice milk with and without UHT milk.

The results from  physiochemical
properties  prove that, pH,  viscosity
(cenfipoizes) and acidity (® Th) wvalues
decreased when the fermentation time was
increased (Table 1). The decrease in viscosity
may be due to the amount of polysaccharide
content present in rice milk kefir during the
start of fermentation till the end. Toba and
group (1987) reported that, the viscosity of
the fermented drink was direcly proportional
to the polysaccharide content. The decrease
in acidity may be due to the growth of
microorganisms and fermentafion time. A
study by Shiva et al., (2011) suggests that the
acid production in kefir depends on the
growth of microorganisms and their ability for
fermentation of the carbohydrates in milk and
soymilk. Moreover, Sirirat and Jelena, (2010)
stated that the decrease in pH may be due to
increased lactic acid bacteria population at
the beginning of fermentation.

Total Phenolic content
By the folin-Ciocalteu reagent method

using gallic acid as standard, the average
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quantity of total phenclic compounds (mg/)
was measured for Kefir produced from
fermented brown, black and red rice milk with
and without UHT milk. The measured values
are represented in table 2. Values shown in
all tables are means+standard deviation from
triplicate experiments. The highest total
phenolic content was found to be 1.60 (mgfL)
for kefir produced from 48 hrs fermented red
rice milk without UHT milk. Muntana and
prasong (2010) also reported that red rice
showed high total phenolic content and they
also suggested that the higher color pigments
may also be the main compounds for
anfioxidant activity. There was no significant
difference at (P<0.05) between kefir produced
from fermented rce milk without UHT milk
and rice milk with UHT milk. Besides this,
(Patrick and kalidas, 2005) proved soluble
phenolic content of soymilk increased during
the initial 40 hrs of culture time with active
Kefir cultures.

According to Petti and Scully, (2009)
phenclic compounds are plant metabolites
characterized by the presence of several
phenol groups. Some of them are wery
reactive in neutralizing free radicals by
donating a hydrogen atom or an electron,
chelating metal ions in agueous solutions.
However, the phenolic compounds possess
many biological properties such as antitumor,
anfimutagenic and antibacterial properties,
and these activities might be related to their
antioxidant activity (Shui and Leong, 2002).
Some researchers have shown that

pigmented rice, such as red and black rice

are composed of high content of phenclic
compounds (Oki ef al., 2002).
DPPH Radical Scavenging

The result presented in table 3 was
expressed as % scavenging, while the
highest % scavenging was found to be 64 %
for Kefir produced from 0 hrs fermented
brown rice milk and cow milk. On the other
hand, kefir produced from 72 hrs fermented
black rice milk showed the lowest %
scavenging of 2340 %. So, when the
farmentaion time was increased. the
scavenging % decreased. According to our
siudy the increased scavenging activity may
be due to the milk protein or plant protein.

In addition, Liuv and team (2005)
proved that some antioxidant components
ware transferred from kefir grains to milk and
soy-milk during fermentation. Besides this, Je
Ruei Liu and group (2005) found that milks
fermented by kefir grains demonstrated an
enhanced activily as regards scavenging the
DPPH radical az compared to unfermented
milks, stating that kefir has got an influence
on scavenging the DPPH radicals.

Moreover, (Villano et al.. 2007) proved
that 1, 1-Diphenyl-2-picrylhydrazyl (DPPH; 1)
is a stable free radical. On accepting
hydrogen from a corresponding donor, its
solutions lose the characteristic deep purple
[.-".man 515-517 nm) colour. DPPH is very
popular for the study of natural antioxidants.
Hydroxyl radical scavenging

The result presented in table 4 shows
that Kefir produced from 24 hrs fermented red
rice milk without UHT milk showed the
highest scavenging activity of 99.37%. On the
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contrary, when the fermentation time was
increased to 72 hrs, the percentage of
scavenging decreased to 5012 for Kefir
produced from fermented red rice milk with
UHT milk. The higher 3% of hydrowyl
scavenging may be due to the presence of
polyphenolic substances in rice or kefir which
can scavenge the free radicals. Gulcin and
group (2010) stated that hydroxyl radical is
the most highly reactive oxygen radical in the
presence of transition metal ions and
pariicipates in free-radical reaction.

According to Boguslaw Lipinski, (2011)
Antioxidant properties of polyphenols are
based on their ability to be oxidized,
polyphenols can scavenge hydroxyl radical
{*OH) by virtue of their addition to double
bonds with the formation of a comesponding
hydroxyl derivative:

R-CH=CH-R + -OH —»R—-CH—{OH)}-CH2-R_
{Patterson et al, 2000)

Polyphenols are capable candidates
for scavenging hydroxyl radicals which also
indicates the uncertainity in the presence of
polyphenols in rice milk kefir. Moreover, Q.D
do and group (2013) found rice paddy herb
contains high amount of antioxidants which
play an important role in getting rid of
hydroxyl radicals considered to be the free
radicals causing several serious diseases
such as cancer, heart disease, diabetes, etc.
Ferric Reducing antioxidant power

The result presented in table 5 shows
that the FRAP values were higher for Kefir
produced from 24 hrs fermented black rice
milk with UHT milk, which was found to be
400 mg Fe (lI) /L. The lower value was
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recorded for kefir produced from 24 hrs
farmented brown rice milk without UHT milk,
which was found as 1.33 mg Fe (I} /L. The
higher FRAP values may be due to the active
compounds present in rice, for the reason
that . Je Ruei Liv and group (2005) found that
milks fermented by kefir grains did not
significantly affect their ferrous ion chelating
ability However, Schafer and Buettner, (2001)
stated that higher FRAP values give higher
antioxidant capacity because FRAP value is
based on reducing ferric ion, where
anfioxidants are the reducing agent and are
compounds capable of donating a single
electron or hydrogen atom for reduction.

Conclusions

The walues obtained from physiochemical
properties prove that the pH and acidity
values increase with the addition of UHT milk.
In relation to viscosity, without UHT milk the
liquid was found more viscous. Moreover, the
highest total phenolic content was found in
kefir produced from 48 hours fermented red
rice milk without UHT milk, and there were
higher levels of phenolic compounds, which
may act as antioxidant properties. There was
no difference between the treatment and
Furthermnore, Kefir
produced fromn both fermented rice milk
without UHT milk and rice milk with UHT milk
showed stronger antioxidant activity, provided
that optimum fermentation ftime was
maintained for greater antioxidant activity.
Kefir produced from 24  hrs
fermented red rice milk without UHT milk
showed the highest Hydroxyl scawvenging

fermentation time.



rrsarmemaaiuasna lulad

486

- - & o
1'I"|Tﬂ'5:1|1"l|1'.|1"|f'|‘11 umEsANIan A5 10

activity of 99.37%, which scavenged more
hydroxyl radicals. This may be due to the
phenclic content in the red rice. Red rice milk
with UHT milk had higher DPPH radical
scavenging with a percentage of 64.37 %
which may be due to the presence or milk or
plant protein. Our study proves that rice milk
Kefir greater activity
individually and also when combined with
UHT milk. Study also indicates that the Rice

has antioxidant

used in this study cerainly had a great
influence towards antioxidant activity which
may be be due to the presence of
polyphenols. Colored rice milk Kefir can be a
natural antioxidant supplement in the human
diet. Further study should be conducted to
identify the antioxidant compound and also
processing of colored rice milk Kefir o be

used as a food product.

Table1 Physiochemical properties (viscosity, pH and acidity) of Kefir produced from 0, 24, 48, 72
hrs fermented rice milk with and without UHT milk.

Treatment Viscosity|centipoises) pH Acidity( *Th}
a 24 48 T2 Ohr | 24 43 T2 [ 24 43 T2
hr hrs hrs hrs hrs hirs hrs hr hrs hirs hrs
Kefir (Black rce
milk without UHT | 25 1458 | 1041 | 833 | 400 | 396 | 375 | 370 | 0351 | 0.51 0.387 | 0.342
milkc)
Kefir (Black rice
milk with UHT | 1875 | 125 B33 | 833 (411|423 | 389 | 381 | 0.387 | 0.54 0.837 | 0.621
milkc)
Kefir (Red rice
milk without UHT | 16,67 | 8.33 125 208 |41 369 | 369 | 384 | 1.T1 1.602 | 1.89 0.603
milke)
Kefir (Red rice
milk with UHT | 14.83 | 833 125 208 | 411 | 48 g4 | 391 | 0827 | 1.682 1.35 0.765
milke)
Kefir (Brown rice
milk without UHT | 16,67 | 1041 | 125 625 | 3892 (403 | 384 | 381 | 0351 | 0.288 | 0405 | 0.333
milke)
Eefir (Brown rice
milk with UHT | 16,67 | 1458 | 1458 | 416 [ 41 4.2 | 384 | 388 | 0306 | 0.B75 | 089 0.342
milke)

Data represented are mean values from triplicate experiments
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Table 2 Total phenolic content of Kefir produced from 0, 24, 48, 72 hrs fermented rice milk with and
without UHT milk

Treatment Total phenollc content (mg/L)
0 hr 48 hrs 72 hrs

Kefir (Black rice milk without UHT milk) 026+001 % 063 £ 003" 0.44 002
Kefir (Black rice milk with UHT milk) 0.28 £ 0.01 0.49 £ 0.01© 0312001 5
Kefir (Red rice milk without UHT milk) 0.26 + 0.00 © 160 + 0.02 0.55 £ 0.01
Kefir (Red rice milk with UHT milk) 0211001 % 0.44 £ D02 =8 0.50 £ 0.02 **
Kiefir (Brown rice milk without UHT milk) p23:0mM * 0.31 £ 0.03 ™ 028001 *
Kefir (Brown rice milk with UHT milk) 0.23 + 0.01 € 1.20 + 0.02 =2 062 001 %

Walues with different lowercase letters in the same row and values with different uppercase letters in the same
column have significant diference (p< 0,05 Mo significant difference was found.

Table 3 DPPH Free radical scavenging of Kefir produced from 0, 24, 48, 72 hrs fermented rice milk
with and without UHT milk

Treatment DPPH (% Scavenging)
(1000 ppm) 0 hr 24 hrs 48 hrs 72 hrs

Kefir (Black rice milk
without UHT milk) 57.80+0.3%eA 22.84+0.16eB 53.57+0.37eA 23.40+0.48eC

Kefir (Black rice milk
with UHT milk) 43 2440 47dA 48.37+0.21dB 55.85+0.36dA 24.38+0.52dC

Kefir (Red rce milk
without UHT milk) 58.50+3.59aA 56.65+0.26aB 48.20+0.32aA 34.57+0.33aC

Kefir {Red rice
milkwith UHT milk) 64 37+0.67aA 44.21+0.24aB 53.05+0.58aA 45.96+0.47aC

Kefir (Brown rice milk
without UHT milk) 52.53+0.42bA 46.07+0.41bB 50.1240.75bA 45.86+0.74bC

Kefir (Brown rice milk

with LUHT milk) 42 5T7+0.52cA 42 B2+0.21cB 54 6240 45cA 44 81+0.47cC

Walueas with different lowercase letters in the same row and values with different uppercase letiers in the same

column have significant difference (p< 0.05). Mo significant difference was found.
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Abstract

Kefir is becoming increasingly popular as a result of new research into its health benefits. It is a fermented milk drink
which has its origin in the Caucasus Mountains of Russia. Kefir is prepared by inoculating milk with kefir grains which are a
combination of bacteria and veasts in a symbiotic matrix. The common microorganisms present are non-pathogenic bacteria,
especially Lactobacillus sp. and yeasts. Kefir has a long history of health benefits in Eastern European countries. It is
believed that kefir has therapeutic effects, thus it is important to study the various properties contained in, and exhibited
by it. This review includes a critical revision of the antimicrobial, anti-carcinogenic, probiotic and prebiotic properties of kefir.
Other health benefits, like reducing cholesterol and improving lactose tolerance are also discussed.

Keywords: kefir, antimicrobial, anti-carcinogenic, cholesterol, probiotic

L. Introduction

In recent years fermented milk and milk products have
had a strong influence on health. They are considered to be
beneficial with therapeutic effects and various other proper-
ties. Researchers have identified yet another fermented milk
drink, kefir. The word ‘kefir” is derived from the Turkish word
‘keif” which means *good feeling” (Kaufinann, 1997). The
drink originated in the Caucasus Mountains of Russia,
which are between the Black and the Caspian Seas. Kefir is
produced by the fermentation of lactic acid and alcohol by
mesophilic bacteria and yeasts, respectively (Ahmed er al.,
2013},

Kefir can also be prepared by inoculating milk with
kefir grains which are a combination of bacteria and yeasts in
a symbiotic matrix. Most microorganisms present in kefir are
non-pathogenic bacteria, especially Lactobaciflus sp. and
veasts. Kefir is enriched with vitamins, amino acids, carbon

* Comesponding author.
Email address: steveever johnf@gmail com

dioxide, acetoin, alcohol and essential oils which have been
shown to have health benefits. Recently, the antibacterial,
immunologic and antitumor effects of kefir were studied on
human beings (Lin and Change, 2000).

Varipus properties are exhibited by kefir. Some of the
main ones discussed here are antimicrobial, anti-carcino-
genic, probiotic and prebiotic. Kefir has long been considered
good for health (Liu er al, 2006 a). Guven et al. (2003)
proposed an alternative suggestion as to how kefir may
protect tissues. They found that mice exposed to carbon
tetrachloride (a hepatotoxin to induce oxidative damage) and
given kefir by gavage showed decreased levels of liver and
kidney malondialdehyde, indicating that kefir was acting as
an antioxidant.

Their data also indicated that kefir was more effective
than vitamin E (which is well known to have antioxidative
properties) in combating oxidative damage. Many studies
have shown evidence to warrant the use of probiotic foods
like kefir in the treatment of gastrointestinal disturbances
(Reid er al., 2003), One example is diarrhea, which can be
caused by a variety of conditions. Probiotics help in pre-
venting diarrhea and in reducing its duration; they also
alleviate conditions such as infant’s diarrhea, irritable bowel
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syndrome, colitis, Crohn'’s disease, gastroenteritis, and
traveler ‘s diarrhea (Heyman, 2000). The consumption of kefir
has shown good results in mitigating the symptoms of
chronic constipation (Maeda ef al., 2004).

This review outlines the properties and benefits of
kefir and its effects regarding health remedies.

2. Origin of Kefir

Kefir isa popular traditional Middle Eastern beverage.
Consumption of kefir leads to a *good-feeling’ (Chaitow and
Trenev, 2002). It originated in the Caucasus Mountains in the
former Soviet Union, in Central Asia and has been consumed
for thousands of years (Libudzisz and Piatkiewicz, 1990).
Kefir grains were first described by the tribes in the Northern
Caueasian mountain region of Russia (Seydim, 2001).

Historically kefir grains were considered as gifis
from Allah among the Muslim peoples of the Caucasian
Mountains. They were passed down from generation to
generation among the tribes of Caucasus and considered
a source of family wealth. Traditional authentic kefir can be
prepared by culturing fresh or pasteurized milk with kefir
grains in homes all over the world { Roberts ef al., 2000).

2.1 Codexalimentarius description of kefir

According to the Codex Standard for Fermented Milks
CODEX STAN 243-2003, kefir contains the following: milk
protein minimum (2. 7%ww), milk fat (<10m/m), titratable
acidity expressed as percentage of lactic acid minimum (0.6%
mym), ethanol (not stated), sum of specific microorganisms
constituting the starter culture minimum (107 cfu'g, in total)
and yeast minimum (10° cfig).

3. Kefir Production

There are several methods for kefir production and
commaonly both traditional and industrial processes are used.
Food scientists are currently studying modern techniques to
produce kefir with the same characteristics as those found in
traditional kefir. Kefir can be made from any type of milk,
cow, goat, sheep, coconut, rice or soy. There are many choices
for milk; pasteurized, unpasteurized, whole fat, low fat, skim
and no fat (Semih, and Cagindi, 2003). Similarly, several
processes have been developed to produce a kefir-like
beverage in which no grains are used. In Russia, a mother
culture is prepared by carrying out traditional kefir fermenta-
tion and sieving the grains. About 1 to 3% of this mother
culture is added to pasteurized milk and incubated at 19 to
28°C for 24 hours. (Famworth and Mainville, 2003).

4. Functional Properties of Kefir

The functional properties of kefir are discussed in
detail below and a schematic diagram is presented in Figure 1.

4.1 Antimicrobial properties

Kefir has an antibacterial effect against many patho-
genic organisms due to the inherent formation of organic
acids, hydrogen peroxide, acetaldehyde, carbon dioxide, and
bacteriocins. For example, 3.5 kDa bacteriocin was identified
trom Lactobacillus plantarim STSKF in kefir (Powell er al.,
2007). Besides this, hydrogen peroxide is another metabolite
produced by some bacteria as an antimicrobial compound.
Yuksekdag er al. {2004a) showed that all 21 isolates of lactic
acid bacteria from Turkish kefir produced hydrogen peroxide
{0.04-0.19 pg/ml ). In a later paper, they reported that 11 out of
21 strains of kefir Lactococei produced hydrogen peroxide
{Yuksekdag eral., 2004). All Lactococei strains were effective
in inhibiting the growth of Streprococcus aureus, but were
less effective against Escherichia coli NRLL B-T04 and
Pseudomonas aeruginosa.

Furthermore, Santos er al. (2003) stated that the
bacteriocin named lacticin 3147, which was produced by
Lactococcus lactis strain DPC3147 isolated from kefir grains,
had antimicrobial activity against Escherichia Coli, Listeria
monocytogenes, Salmonella tphinurium, S, enteritidis,
8. flexneri, and Yersinia enterocolitica. The molecular
structure of lactin 3147 is shown in Figure 2. In addition,
Ahmed er al. (2011) reported that kefir suspension, kefiran
{a proposed molecular structure of kefiran is shown in Figure
3), and kefir grains showed antibacterial activity against some
unicellular bacterial species and new antifungal activity
against filamentous fungal species.

Maoreover, many scientists (Diniz er al, 2003; Kwon er
al., 2003; Rodrigues er af., 2005; Schneedorf and Anfiteatro,
2004) stated that kefir and its exopolysaccharide, kefiran, had
antimicrobial activity. Both were reported to exhibit signifi-
cant antibiotic activity against Gram-positive and Gram-nega-
tive bacteria as well as yeast, Candida albicans. Similarly,
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Figure 1. Schematic diagram of the functional properties of kefir
(Levnep, et al., 2011; Kniesel, 2005)
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Figure 3. Chair form diagram of the proposed molecular strocture
of kefiran | Anfitestro, 2013)

Medrano er al. (2008) reported that kefiran, an exopoly-
saccharide produced from kefir grains, protected against
Bacilfus cerens B 10502 damage to Caco-2 cells when intro-
duced at a concentration range from 300 to 1000 mg/. Their
study also revealed that kefiran was capable of protecting
cultured enterocyies significamtly from the activity of
B. cerens B10S02 supernatants.

Data presented by Beyza ei al. (2007) also suggested
that kefir may be a good antimicrobial agent in food techno-
logy for food safety. More rescarch related to this subyect
has still to be performed, i order to put the antimicrobial
activity of kefir into practice for food technology.

4.2 Anti-carcinogenic properfies and inhibition of tumor

growth
According to the Mernam Webster medical dictionary,

the defimtion of a anti-carcinogenic 15 “tending to inhibat or
prevent the activity of a carcinogen or the development of
carcinoma’, Tumaors are classified as carcinomas or sarcomas.
Sarcoma tumors are derived from suppartive or connective
tissues such as bone, fat, and cartilage (Kuoby, 1994). In
addition, L ef al, (2002) studied the effects of freeze-dned
kefir, produced from soy milk and cows” milk with kefir grains,

77

on the growth of tumors in mice. Mice were mjected with
Sarcoma 180 cells for one week before the start of the feed-
ing stage of the experiment. Tumor growth (volume) was
estimated for up to 30 days. Both soy milk kefir (70.9%) and
cows' milk kefir (64.8%) significantly inhibited tumor growth,
compared with mice in the positive control group.

In a study on indoced breast cancer i muce, De
Moreno ef al. (2006) reported that mice recerving two days
cychical feeding with both kefir and a cell-free fraction of kefir
over 27 days had a reduced tumor growth and increase in the
lgA(+) cells. They also suggested that the IgAi+) cells might
be able to bind the toxic metabolites produced during tumor
development and indicate the importance of non-microbial
components released durmg milk fermentation.

In addition, kefir extracts have been shown to
suppress the growth of breast cancer cells in vigro. Some
antitumorigenic abilities of kefir have been associated with
the exopolysaccharide kefiran. Kefiran was shown to inhibit
Ehrlich carcinoma and Sarcoma 180 in a8 mouse study, where
it was proposed that the polvsacchande simulated the host
immune system via T-cell activity, rather than aching against
the cancerous cells directly.

Furthermore, several studies have shown that kefir
cxtracts and kefir hacterial isolates have the potential to
reduce the nsk or arrest the development of cancerous
growths in vitre or in animal models (Rattray and Connell,
2001y

In 2008, Topuz and his team conducted the first study
on the effect of oral kefir consumption on serum pro-
mflammatory cytokines and on CT induced oral mucositis
in humans with cancer. Their results showed that oral kefir
consumption did not have any effect on the serum pro-
inflammatory cytokines or a protective effect on mucositis
due to 5-FLU {a drug used in the treatment of cancer) based CT
in humans. The team also suggested that further studies were
needed to understand the effects of oral kefir consumption
on the human immune system.

4.3 Cholesterol lowering effect

The evidence that kefir consumption reduces serum
cholesterol 1s limited. Some rescarch results have indicated
a decrease in total serum cholesterol and phospholipids, in
rats fed with a high cholesterol diet supplemented with kefir.
Other biomarkers, such as high density lipoprotein {HDL)
and serum tnglycendes were unaffected by kefir consump-
tion {Rattray and Connell, 200 1). However, Liu ef al. {2006)
reported that milk kefir and sov mlk kefir lowered the serum
tmacylglveerol and total cholesterol concentrations in
hamsters. They also showed that the increase in the choles-
terol-lowering effect of soy milk kefir, compared with soy milk,
might be attributable to hypocholesterolaemic compounds
other than genistein present in the kefir but absent from the
soymilk.

Furthermore, some scientists { Brashears er al., 1998;
Tamai ¥ ef af., 1996) suggested that reduced serum choles-
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terol concentration induced by kefir could be attributed to the
deconjugation of bile acids by Lacrobacillus spp. A study by
Reynier and his team (1981) revealed that deconjugation of
bile acids reduced serum cholesterol levels by increasing the
formation of new bile acids needed to replace those that have
escaped the enterohepatic circulation. They also showed that
higher cholesterol metabolism lowered the serum cholesteral
level.

In 20006, Begley er al_, studied the mechanisms behind
the deconjugation of bile acids by bile salt hydrolase. A
detailed drawing 15 given in Figure 4a. In their study, they
showed that the key enzyme bile salt hydrolase from Lacro-
bacillus spp was responsible for the conversion of conju-
gated bile acids to unconjugated hle acids. They also showed
that the deconjugation of bile salts could lead to a reduction
in serum choelesterol, cither by increasing the demand for
cholesterol “de novo™ synthesis of bile acids, to replace those
lost in fisces, or by reducing cholesterol solubility and thereby
absorption of cholesterol through the intestinal lumen.

In addition, Cenesiz er al. (2008) found that there was
a decrease in serum cholesterol levels of all kefir-treated
chickens in a dose-dependent manner. They also concluded
that a decrease in cholesterol levels could be associated with
both a reduction in cholesterol hiosynthesis in the liver and
an increase i degradation of Wle acids by Lociobacillus
species. Similarly, Sanders (2000) suggested that the inhibi-
tron of 3SHMG-Co A, which 1s an intermediate of mevalonate,
dunng the synthesis of cholesterol from acetvl-Co A by
fermented milk products, was the reason for the reduced level
of cholesterol in the serum. A detailed drawing 15 given in
Figure 5.

Maoreover Yoon ef al. (1999) reported that cholesterol
assimilation was stran -dependent and L. acidophilus
CU&73 isolated from kefir displayed the highest cholesteral
assimilation activity with a 68 8% reduction. According to
the report by Kalavathy er al. (2004), cholesterol removal
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from the growth medium by the Lactobaciffus strains may be
strain dependent. However, further studies are required to
determine the mechamisms mvolved in the removal of
cholesterol by these Lactobacillus stramns in vitro.

In addition, Maeda et ai. { 2005) found that kefiran-fed
rats had a serum cholesterol lowenng effect i 2 rat models
which were loaded with cholesterol and given orotic acid.

o A2
C !Q'.lij-r ITI- CH=C=0
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H .
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L 1L |
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Figure 4. {a) Chemical structure of bile acids. Bile acids are conju-
gated with either glycine or taurine prior o secretion.
{Begley er o, 2006). (h) Reaction catalyzed by bile salt
hydrolase enzymes. BSHs cleave the peptide linkage of
bile acads, which resulis in the removal of the amino acsd
group from the steroid core, The resulting unconjugated
bile acads precipitsie st bw pH. (Begley e o, 2006).
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Figure 5. Cholesterol biosymthesis pathway (modified) (Bate @ al., 2007, Sanders, 2000)
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Kefiran accelerated sterol excretion and protected hepatic
mjuries { glutamate cxaloacetate transaminase [ GO, ghutamic
pyruvic transaminase [GFT]) m both rat models. The mecha-
nisms for this are not well understood.

4.4 Improving lactose tolerance

Lactose maldigestion s the mability to completely
digest lactose, the major carbohydrate in virtually all mamma-
lian milks. Lactose maldigestion affects 75% of adults in the
world and occurs most often as the result of a genetically
programmed decrease in intestinal lactose activity after the
ageof 3 to 5 years (Sahi, 1994; Swaggerty et al., 2002).

Hertzler and Clancy (2003) demonstrated that a
commercial kefir produced from a starter culture containing
six bacteria (but not L. acidophifus) and one yeast, was
oqually as effective as yoghurt in reducing breath hyvdrogen
in adult lactose maldigestors. It has also been shown that
fermented milk products have a shorter transit time than
mulk, which may further improve lactose digestion (Vesa et
al_, 199; Labayen ef af_, 2001). Furthermore, Rattray and
Connell {2011} found that kefir with a diverse microbial
population invariably has some degree of fi-galactosidase
activity, that converts lactose into glucose and galactose,
which can then be easily digested.

In addition, Steven er al. (2003 ) reported that although
it seems plausible that kefir might improve lactose digestion
mn a manner similar to yogurt, there 15 a lack of research to
support such a claim. Kefir contains different starter culture
microorganisms from yogurt and the bile acid sensitivity,
galactosidase activity, or lactose transport of these organ-
1sms may be different. This was the first result found, which
demonstrated that plain kefir improved lactose digestion just
as well as plain yogurt,

4.5 Wound healing properties

As kefir 15 a probiotic mixture of a diverse spectrum of
bacteria and yeasts Witthuhn er of., (2(§25), it can stimulate
mnate immune responses in defense aganst pathogens
(Koutinas ef al., 2007; Atalan et al., 2003). Chena ef al.
(2008) and Kyoung ef al. (2007) stated that the anti-inflam-
matory properties of polysaccharide present in kefir extract
may also be influential in the process of wound healing. The
lactic acid, acetic acid, pelysaccharides and other chemicals
present in kefir were important factors for wound healing
properties ohserved in a study by Hassan er al (2012).

In 2005, Kamila er ai. conducted a study on rats,
treating them with a simple kefir formulation made from dried
grains. The results showed better wound healing properties
compared with those treated with the clostebol-neomycin
emulsion. Simlarly, In 2005 Rodrigees and his team proved
that rats treated with 70 % kefir gel made with kefiran, showed
a faster reduction of the infected-induced wound compared
with clostebhol-neomycin emulsion. A study by Hassan ef al.
(2012) also showed that kefir had better wound-healing
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properties than conventional silver sulfadiazine treatment
with regard to thermal injuries.

5. Probiotic and Prebiotic Properties

Kefir is a complex microbial system that has not only
been found to be nutritionally beneficial, but has also been
proven to inhibit a number of food-borne pathogens and
spoilage microorganisms ( Paucean and Carmen, 2008). Many
probiotic products have been formulated that contain small
numbers of different bacteria. The microbiological and
chemical compositions of kefir indicate that it is a much more
complex probiotic. Since yeasts and bacteria present in kefir
grains have undergone a long association, the resultant
microbial population exhibits many similar charactenstics,
making isolation and identification of individual species
difficult. Many of these microorganisms are only now being
identified by using advanced molecular biological techniques
(Exdward, 20006).

Kefir can be considered an amazing example of co-
evolution of a microbial consortium, It has acquired a strong
resistance agammst several microorganisms, as well as
improving the natural immunity of mammals from early
times. It is reasonable to think of the consortium as a potential
naturalby-occurring drug, able to decrease a large varnety of
illness afflictions (Jose, 2001 2). In 2003, Santos and his team
reported that several stramns of Laciobacillus spp. solated
from kefir in various countries have good adhesion to Caco-2
cells. These strans were resistant o low pH and hile acd
and had antimicrobial activity against common enteropatho-
genic bacteria, which are popular criteria required by pro-
hiotic bacteria.

In addition, prebiotics are considered non-digestible
but fermentable oligosacchandes, involving health promo-
tion for the host (Barbosa er al., 20011).These compounds
are known to provide improvements in nutritional status, in
addition to health benefits such as protection against
carcinogenesis, mutagenesis, prevention of injuries caused
by free radicals, control of intestinal flora, and gastrointesti-
nal resistance. lmporiantly kefir 1s able to produce peptide
and sugar prebiotics, e.g., lactacin, bacteriocins, and kefiran
{Schneedorf and Anfiteatro, 2004).

6. Benefits of Kefir for Pregnant and N ursing Women

According to the National Kefir Association, pregnant
and nursing women can safety consume kefir. This promotes
the absorption of nutrients, increases immunity, helps the
body adjust to hormonal changes and prevents infections
such as yeast overgrowth (Sandra, 2013} Also, the con-
sumption of kefir by pregnant women can prevent the owver-
growth of a hacterium called group B Beta Streptococcus.
Beta streptococcus 1s a harmfal bacterium which can cause
infections such as sepsis, pneumonia, and meningitis

(Sandra, 2013).
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7. Conclusions

Scientific studies indicate kefir to be a complex pro-
beotic, which 15 a combination of bacteria and yeasts. Kefir
has certainly been shown to contain vanious functional
properties such as antimicrobial, anti-carcinogenic, probaotic
and others. It provides healthful benefits in the cholesterol
lowering effects and improved lactose tolerance in humans.
This fermented milk appears to have a great potential and
this should inspire researchers to carry out further studies
on kefir in order to analyee the hidden therapeutic and
functional properties which have not been revealed to date.
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ABSTRACT

Aims: The effects of kefir fermentation were investigated on antioxidation activities (in vitrol
and antioxidative stress (in vivo) for different Thai rice; Hawm Mil rice, Red Hawm rice and
Khao Dawk Mali 105 rice. Methodology: Antioxidant activity (in witro) was investigated
using ferric reducing antioxidant power and 2, 2*-diphenyl-1-picrylhydrazyl assays. In addition,
antioxidative stress (in vival was performed using colitis rat models to study nitric oxide (NOJ),
lipid peroxidation (LPO) and superoxide dismutase (SOD) compared with rats treated with
prednisoclone and cow's milk kefir. Results: Antioxidant activity of rice kefir powder from both
assays had higher antioxidant activity than cow’s milk kefir powder. NO levels of colitis rats
received Hawm Nil rice kefir powder (HNKP) was reduced when compared to phosphate
buffered saline (PBS) group. Moreover, colitis rats received HNKP did not differ in NO levels
from colitis rats that received prednisclone and non-colitis rats. The result of LPO product
malendialdehyde (MDA) indicated that colitis rats treated with HNKP had reduced TBARS
compared to PBS group, and did not differ in TBARS levels from rats that received predniso-
lone and non-colitis rats. Surprisingly, increase in 50D activity was observed in colitis rats
that received HNKP compared to PBS, with similar results of increased SOD in rats that
received prednisolone and cow's milk kefir powder. Conclusion: Hawm il rice kefir may
offer a protective effect for antioxidative stress resulting from chemical induction; it has
potential as a supplementary food with high antioxidant activity and is regarded as safe for

consumer health.

Key words: Antioxidant, Antioxidative stress, Lactic acid, Rice kefir, Thai rice

INTRODUCTION

Kefir is an adidic, fermented milk beverage that origi-
nated thousands of years agoin the Caucasus Mountains?
Popularity and availability of kefir are increasing
globally due to the well-known health benefits and
longevity related to daily consumption > Kefir beverage
is commonly manufactured by fermenting milk with
kefir grains. This process supports a complex microbial
symbiotic mixture of lactic acid bacteria (e.g., Lactoba-
cillus, Lactococcus, Leuconostoc and Streptococcus) and
yeasts (e.g., Kluyveromyces and Saccharomyces) !

The main products of kefir fermentation are lactic
acid, ethanol and carbon dioxide which confer the
beverage with viscosity, acidity and low aleohol content.
Minor components include diacetyl, acetaldehyde,
ethyl and amino acids which contribute to the flavor™**
demonstrated kefirs as potential antioxidants; inter-
acting with a wide range of species that are directly
responsible for oxidative damage* stated that kefir
could be made from any type of milk: cow, goat,
sheep, coconut, soy and rice; however, cow is com-
monly used.™ Reported that cereal grains, especially
rice, contain special phenolic acids (such as ferulic,

p-coumaric and diferulic) that are not present in
significant quantities in fruit and vegetables,” found
that brown rice milk kefir powders had higher
a-tocopherol, y=Aminobutyric acid (GABA) and
phenolic contents than cow's milk kefir powder.

The antioxidant activity of plant phenalic is primarily
due to their redox properties which allow them to
act as reducing agents, hydrogen donors, free radical
scavengers and singlet oxygen quenchers """ showed
that rice milk kefir had high antioxidant activ-
ity compared to butylated hydroxyanisele (BHA).
Moreover," reported rice milk kefir powder as hav-
ing higher antioxidant activity than that cow’s milk
kefir. Many authors have examined the antioxidant
activity of rice milk in vitro but few have considered
the antioxidative stress of rice milk kefir in vivo.
Therefore, this study investigated the unique prop-

erties of rice milk kefir and analyzed the effects of

different varieties of Thai rice fermentation with
kefir grains on the content of antioxidant activity in
vitro and antioxidative stress in vivo.

Cite this article: Deeseenthum S, Luang-ln \, John SM, Chottanom P Chunchom S. Effects of
Kefir Fermentation on Antioxidation Activities (in witro) and Antioxidative Stress (in vivo) of Different
Thai Rice Milk Varieties. Pharmacog J. 2018;10(5):1061-6.
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METHODOLOGY

Rice materials and kefir samples

Thai colored rice varieties namely Khao Dawk Mali 105 rice (KDML 105;
white rice), Red Hawm rice (KDML105R-PSL-E-14; red rice) and Hawm
Nil rice (PSLO0288-4-21-5R;dark purple or black rice) were used. The
rice ials were obtained from Selaphum Farmer Group, Roi Et Prov-
ince, Thailand (2014 harvest season), who used grain from Roi-et Rice
Seed Center, Rice Seed Division, Rice Department, Thailand. Rice mate-
rial and kefir sample preparations followed" with minor modifications.
Each 250 g of rice was left in 500 mL of water for 24 h before ultra-son-
ication using a Vibra-Cell Ultrasonicator (20 KHz) with tip diameter (25
mm), intensity (low), volume (500-1,000 mL, amplitude (60%) and time
(5 min). The rice was blended, and then filtered with a cotton sheet and
pasteurized at 75°C for 15 min. The pasteurized rice milks were imme-
diately cooled and stored in dark plastic bags at a cool temperature of
4°C until required for use. The rice and cow milks prepared earlier were
used to produce kefir. All the milk samples were maintained at 25°C for
24 hwith 10% (v/v) of kefir starter culture. Following this, the milk kefirs
were blended, filtered with a cotton sheet and pasteurized at 75°C for 15
min. All experiments were conducted in triplicate. Rice milk cultures
were inoculated at 3% w/v and the kefir grains were incubated at 25°C
with fermentation at pH 4.2. Samples were freeze-dried and analyzed.

Kefir powder

All milk kefirs at pH 4.2 were freeze-dried using a SJIA-10N Freeze
Dryer (Shanghai Beiyi Bioequip Information Co., Ltd., China) at -55°C.
The freeze-dried kefirs from the Khao Dawk Mali 105 rice, Red Hawm
rice, Hawm Nil rice and cow milks were powdered with a mortar and
pestle under aseptic condition and packed into bottles; the caps were
tightened, wrapped with foil and the bottles were kept at -20°C until
required for use.

Antioxidant activity in vitro

2, 2-diphenyl-1-picrylhydrazyl hydrate (DPPH) free
radical scavenging assay

2, 2-diphenyl-1-picrylhydrazyl hydrate (DPPH) free radical scavenging
assay determination followed the method of* with some modifications.
BEriefly, 100 pL of DPPH solution was added to 50 pL of each kefir sample.
Methanol was used as the control, mixed well and incubated for 30 min
in the dark at room temperature. Absorbance of each sample was mea-
sured at 517 nm using a micro plate reader. Percentage of inhibition was
calenlated using the following equation:

Inhibition (%) = [(A_ A, A,,.] ¥100

The standard curve of DPPH was prepared as 10, 20, 30, 40, 50, 60, 70, 80
and 90 pg/mL, absorbance was measured at 517 nm using a micro plate
reader and the graph was plotted. The DPPH radical scavenging activity
was expressed as the IC, value; this represented the amount of antioxi-
dant in the kefir solution.

Necessary to reduce the initial DPPH concentration by 50%. The IC,,
value was determined from the standard curve of percent scavenging
plotted against the rice kefir powder solution concentration. All experi-
ments were performed in triplicate.

Ferric reducing antioxidant activity (FRAP) assay

A FRAP assay was performed following the method of Benzie and Strain
(1999)* with slight modifications. FRAP reagent was prepared by adding
0.0270 g of ferric chloride to 5 mL of distilled water and mixing. Then,
300 mM of acetate buffer was prepared by adding 2.4609 g of sodium
acetate in water with pH adjusted to 3.6. Next, 40 mM of HCl was

prepared in the ratio 1:1 with water and 0.66 mL was pipetted and added
with 99.44 mL water. Then, 10 mM of 2.4,6-Tripyridyl-s-triazine (TPTZ)
solution was prepared by adding 2.4.6- Tripyridyl-s-triazine 0.0156 g in
5 mL of 40 mM HCL, 300 mM of acetate buffer, 10 mM TPTZ, and
20 mM of iron (I1I) chloride solution. The prepared FRAP reagent was
used as follows: 20 pL of each kefir sample was added to 1.50 pL of FRAP
reagent. The mixture was stirred thoroughly and incubated in the dark at
room temperature for 30 min.

Absorbance was then measured at 595 nm using a micro plate reader.
The standard curve (R, = 0.9995) for FRAP was plotted and prepared as
0.2, 0.4,0.6, 0.8, 1L.0and 1.2 pg/mL. A calibration curve was drawn with
concentration of FeSO, 7H,0 on the X-axis and optical density (OD) on
the Y-axis. Values obtained were expressed in pg/ml of ferrous equivalent
Fe (1) per ug of each kefir sample.

Anti-oxidative stress activity studies

Experimental design

The Hawm Nil rice kefir power is the highest antioxidant activity,
bischemical components values such ac gamma amine butyric acid
(GABA) content, alpha-tocopherol (a-tocopherol) content and total
phenolic content. Moreover, this rice kefir power also had not toxicity in
the rat model *® So that, the experimental design for antioxidative stress
activity in this studied chose only Hawm Nil rice kefir power from three
rice kefir powder. In addition, the method was followed the originally
method described by Deeseenthum et al.'* Each 6 rats were randomly
divided into 7 groups; (1): non-colitis rats received phosphate buffered
saline (PBS), (2): non-colitis rats received Hawm Nil brown rice kefir
powder (150 mg/kg dissolved in PBS), (3): non-colitis rats received cow’s
milk kefir powder (150 mg/kg dissolved in PBS), (4): colitis rats received
PBS, (5): colitis rats received Hawm Nil brown rice kefir powder (150
mg/kg dissolved in PBS), (6): colitis rats received cow’s milk kefir powder
(150 mg/kg dissolved in PBS), and (7): colitis rats received prednisolone
(5 mg/kg).

Rat colitis groupe were induced on day 4 by 24.6-trinitrobenzene
sulfuric acid (TNBS) while groups treated with Hawm Nil brown rice
kefir power, cow’s milk kefir powder or prednisolone were left for 10 days.

Colitis induction

Rats were colitis induced on day 4 and thereafler. Colitis induction
followed the method originally described by Scarminio et al** After fast-
ing overnight, the rats were anesthetized with halothane. Under anesthe-
sia, they were given 10 mg of TNES dissolved in 0.25 mL of 50% (v/v)
ethanol by means of a Teflon cannula inserted 8 cm into the anus. During
and after TNBS administration, the rats were kept in a head-down posi-
tion until they recovered from the anesthesia. Rats from the non-colitis
group received 0.25 ml of saline.

Serum sample collection

At the end of the experiment, rats were fasted for 24 h, weighed and
then euthanized with 50 mL of chloroform. Blood samples were placed
in heparinized and non-heparinized tubes and centrifuged at 1,500 g for
10 min to separate serum.

Nitric oxide measurement

Serum samples were treated with Centricon 10 (7,500 rpm, 4°C, 1 h)
to remove hemoglobin and proteins. The nitric acid (NO) content was
assessed by the Griess reaction method using 23479 Nitrate/Nitrite
Assay Colorimetrie Kit (Sigma-Aldrich, Inc, USA), that is a commercial
kit for NO assay. Briefly, preparation of the nitrite calibration curve was
performed by adding sodium nitrite (NaNO,) standard selution and
buffer solution to each well Plot the concentration of NaNO, solution

147



Deeseenthum, et al.: Antioxidation Activities of Thai Rice Milk Kefir

on the X-axis and the absorbance value on the Y-axis to prepare the
calibration curve. Plot the con of NaNO, sol on the X-axis
and the absorbance value on the Y-axis to prepare the calibration curve.
Determine the concentration of nitrite in the sample solution from the
calibration curve. Determine the concentration of nitrate + nitrite in the
sample solution using the calibration curve. Then, nitrate concentration
can be obtained by the following equation:

[Mitrate] = [Mitrate + Nitrite] — [Nitrite]

Lipid peroxidation estimation

The lipid peroxide (LPO) product malondialdehyde (MDA) was estimated
using a Lipid Peroxidation (MDA) Assay Kit of thiobarbituric acid reactive
substances (TBARS) in serum (Sigma-Aldrich, Inc., USA), that is a
commercial kit for Lipid Peroxidation (MDA) Assay. The LPO products
were expressed in terms of nmole MDAJuL. Concentration of MDA can
be obtained by the following equation:

(Sa/Sv)x4xD=C

Where,

Sa is the amount of MDA in unknown sample (nmole) from the
standard curve

Sv s the sample volume (L) or amount (pg) added into the wells

C  isthe concentration of MDA in the sample

D s the dilution factor

is the correction factor using 200 uL of 800 pL reaction

.

Superoxide dismutase (SOD) activity

The SOD activity was estimated using a SOD Assay commercial
Kit-WST (19160 SOD determination kit, Sigma-Aldrich, Inc, USA).
Read the absorbance at 450 nm using a micro plate reader. Caleulate the
SOD activity (inhibition rate %) using the following equation:

SOD activity = {[(Ay, - Ag) ~ (A - AU/
(A - Ay} x 100

Statistical analysis

The experiment used a randomized block split-plot design. Plot effect
was rice type and the sub-plot was fermentation variable when comparing
fermentation effect. Complete block design was used to compare the
antioxidant activities of different rice milks and rice kefir samples.
All experiments were performed in triplicate. Experimental data were
analyzed for divergence using Duncan’s multiple range test and SPSS
(SPSS 19.0, SPSS Inc. statistical program). Significance was established
at p=0.05.

RESULTS AND DISCUSSION

DPPH free radical scavenging and FRAP values
Antioxidant activity of Red Hawm rice kefir powder showed the highest
% inhibition of DPPH and was significantly different (p<0.5) from the
other kefirs (85.7940.34). Cow’s milk kefir powder showed the lowest
antioxidant activity from DPPH free radical scavenging with FRAP
assays at 77.59+0.24and 2.67240.115, respectively (Table 1).

Anti-oxidative stress in rat models
Nitric oxide

The NO level in the serum was higher in colitis rats that received
PBS (control) compared to non-colitis rats (Figure 1, p=0.05). However,

NO levels compared to negative controls (p=0.05). Moreover, colitis rats
that received HNKP did not show reduced NO levels compared to rats
that received prednisolone and non-colitis rats (Figure 1).

Nitric oxide is a potent, endogenous vasodilator that modulates renal
function and plays a key role in endothelial dysfunetion® Colitis rats
that received PBS (control) had higher NO levels in serum than non-
colitis rats. However, colitis rats treated with HNKP showed reduced NO
levels compared to the controls. These findings indicated that rice kefir
powder may reduce NO excretion in colitis rats compared to controls.
Other authors investigated the role of probiotic bacteria in the gener-
ation of local NO in the intestinal lumen by nitrate reduction or acid
dependent t This may be 1 through rapid NO
consumption by other strains or diffused into the surrounding tissues,*
and explain some of the health prometing effects of this kefir by reducing
NO levels in rat models.

Lipid peroxidation

Colitis rats that received PBS showed increased TBARS in serum
(20.78+0.58, p=0.05). However, colitis rats treated with HNKP gave
reduced TBARS compared to controls (10.10£1.06 vs 20.78 + .58,
p=0.05). Moreover, colitis rats that received HNKP showed similar TBARS
levels to rats that received prednisolone and non-colitis rats (Figure 2).

Table 1: Antioxidant activity in cow and pis d rice's milk fi ted
with kefir grain at pH 4.2.

(96) Inhibition

Treatments of DPPH FRAP values

Cow Milk kefir powder 77.59+0.24° 26720115

Khaw Dawk Mali 105 rice kefir powder ~ 82512012%  2.725:0.107*
Red Hawm Rice kefir powder 85792034 28740197
Hawm Nil Rice kefir powder 78 140,16 28760145

Mean values within each column with different superscripts are significantly
different, Duncan's test at p=0.05.
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Figure 1: Nitric axide (NO] levels in the treated rat colitis compared
to those in controls. The different lowercase letters are significantly
different, Duncan's test at p=0.05; PBS = phosphate buffered saline,
HMNKP = Hawm Nil Rice kefir powder, CMKP = Cow Milk kefir powder.
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Lipid peroxidation is the degradation of lipids that occurs because of
oxidative damage and a useful marker for oxidative stress. Polyunsaturated
lipids are susceptible to oxidative attack, typically by reactive oxygen
species, resulting in a well-defined chain reaction with end products
such as malondial dehyde (MDA). Lipid peroxidation may contribute to
the pathology of many diseases including atherosclerosis, diabetes and
Alzheimer's. Here, a significant increase of LPO (TBARS) was recorded
in colitis rats, indicating that peroxidative injury involved the reduction
of antioxidant defense hanisms and develop of colitis compli-
cations.® Colitis rats treated with RKP showed significantly decreased

Superoxide dismutase (SOD)

Increase in SOD activity was observed in colitis rats that received HNKP
compared to colitis rats that received PBS (controls). This indicated that
the antioxidant defense system was functional in colitis rats that received
HNKP; similar findings of increased SO were seen in rats that received
prednisolone and cow’s milk kefir powder (Figure 3).

Moreover, increase in SOD activity was observed in colitis rats treated
with HNKP compared to colitis rats that received PBS (controls). SOD
is the primary enzymatic antioxidant defense system in the cell and
catalyzes the dismutation of the superoxide anion (02 -) into hydro-
gen p ide and molecular oxygen as one of the most important anti

LPO. Bioactive peptides released during fe ion e.g., a-tocopherol
y-amino butyric acid and total phenolic contents, by proteolytic lactic
acid bacteria can scavenge reactive oxygen species (ROS) and inhibit
LPO, consistent the reported by Pihlanto.

TBARS levels (nmole MDA/)

E
u L [
10 a a = Non-colits
= Colitis
5
a
¢ ¢SS
Groups L4

Figure 2: Thiobarbituric acid reactive substances (TBARS) levels in
the treated rat colitis compared with controks. The different lowercase
letters are significantly different, Duncan's test at p=0.05; PBS = phos-
phate buffered saline, HNKP = Hawm Nil Rice kefir powder, CMKP =
Cow Milk kefir powder.

3 ' Non-colitis
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Figure 3: Superoxide dismutase activities (S0D) in the treated rat
colitis compared with controls. The different lowercase letters are
significantly different, Duncan’s test at p=0.05; PBS = phosphate

oxidative enzymes. Several direct and indirect methods have been
developed to determine SOD activity. A common, convenient and easy
indirect method uses nitro blue tetrazolium (NBT). However, there are
several disadvantages to the NET method such as poor water solubility
of the formazan dye and interaction with the reduced form of xanthine
oxidase. The SOD Assay Kit-WST is very convenient and utilizes Dojindo’s
highly water-soluble tetrazolium salt, WST-1 (2-(4-Todophenyl)-3-(4-

itrophenyl)-5-(2, 4-disulfophenyl)}-2H i monosodium salt)
that produces a water-soluble formazan dye on reduction with a superox-
ide anion * The IC_ (50% inhibition activity of SOD or SOD-like materi-
als) can be determined by a colorimetric method. Antioxidant defense
systems were functional in colitis rats that received HNKP, with similar
findings of increased SOD in rats subjected to prednisolone and CMKP.

CONCLUSION

Thai rice kefir powder included high antioxidant activity. Hawm Nil
rice kefir powders had the highest antioxidant activity, followed by Red
Hawm rice kefir powder and Khao Dawk Mali 105 rice kefir powder,
respectively. Moreover, the Hawm Nil rice kefir powder also may offer
protection against chemically induced antioxidative stress such as nitric
oxide, lipid peroxidation, while stimulate superoxide dismutase. Thus,
this rice milk kefir has potential as a supplementary food with high anti-
oxidant activity and it is regarded as safe for consumer health.
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SUMMARY

= The rice kefir powder had high anticxidant activity.
= Hawm Nil rice kefir powder (HNKP) can reduce NO levels in the colitis rats_
= HNKP can reduce TEARS lavels in the coiitis rats.

Surprisingly, this rice kefir takes SOD acthity increased in colitis rats.

= The NO, TBARS and SOD levels of colitis rats that received HNKP had no dif-
fer from the prednisolone, which is & cument medicine.

ABOUT AUTHORS

matics from Karunya University India. At present,

Dr. Sirirat Deeseenthum: Finished her Ph. D.
= degree in 2007 from Khon Kaen University,
. Thailand. At present, she is positioned as Assis-

tant Professor in Biotechnology and also head

of Natural Antioxidant Innovation Research Unit

(MAIRU) at Faculty of Technology, Mahasara-

kham University, Maha Sarakham, Thailand. Dr.

Sirirat is working on antioxidant activity of kefir

produced from rice milk.

Dr. Vijitra Luang-In: Finished her Ph.D. degree in Microbiology & Biochemistry, M.Res (Distinction) in Bio-
chemical Research and also B.Sc. (Upper 2nd Class Hons) in Biotechnology from Imperial College, London. At
present, she is an Assistant Professor in Department of Biotechnology, Faculty of Technology, Mahasarakham
University, Thailand. Moreover, she also works in the Matural Antioxidant Innovation Research Unit (MAIRU) at
Faculty of Technology, Mahasarakham University, Maha Sarakham, Thailand.

hen Moses John: Finished his Master's Degree in Biotechnology and also Bachelor's degree in Bioinfor
%e is a Ph.D. student in Biotechnology, Faculty of Technology,

150



151

APPENDIX G




If you have any questions or

Ms. Putaluk Khaiprapai
580 Moo 5, Ban Makhampom,

152







NAME

DATE OF BIRTH
PLACE OF BIRTH
ADDRESS
POSITION

PLACE OF WORK

EDUCATION

Research output

BIOGRAPHY
Stephen Moses John
17-01-1989
India
Karaikudi, Tamilnadu State,
India
ph.D Student
Mahasarakham University
2012 , Masters in Biotechnology
2021,Doctor of Philosophy (Ph.D) in Biotechnology,

Mahasarakham University
Dissertation and Publications



	titlepage

	abstract

	acknowledgement

	content

	chapter 1

	chapter 2

	chapter 3

	chapter 4

	chapter 5

	references

	appendix

	biodata


