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ABSTRACT

The L.casei subsp. rhamnosus (TISTR No. 372) and L. bulgaricus (TISTR No.
451) strains were selected for producing Se-enriched probiotics. It could be observed
that the L. bulgaricus strain could absorb and accumulate Se05% ion more than the L.
rhamnosus strain. However, the ability of L.casei subsp. rhamnosus strain for
transforming SeOs> ion to be organic Se compounds was better than the L.bulgaricus
strain. Therefore, the L. rhamnosus strain was selected to further study.

The conditions of Se-enriched L.casei subsp. rhamnosus cultivation, Se-
supplemented concentration and initiation time for adding SeOs% ion into the culture
were optimized. The cultivation of Se-enriched L.casei subsp. rhamnosus was achieved
by uptake 2.5 mg Se L™ in the form of SeOs? into the culture medium at the lag phase
of growth curve. L.casei subsp. rhamnosus could absorb SeOs* ion, and synthesized to
be Sec as a primary selenoamino acid though the biosynthetic pathway. Normally, Sec
is incorporated in to peptide chain as selenoproteins, and accumulated in each part of
Lactobacillus cells. However, the finding of this work indicated that the partial of Sec
was also exported to the extracellular environment in the form of free amino acid.
Moreover, L.casei subsp. rhamnosus would rapidly detoxify excess SeOs* ion by
reducing oxidation state of Se** to be elemental selenium (Se®) when Se-supplemented
concentration in MRS broth was greater than or equal to 4 mg Se L™ This
detoxification of Se was also occurred when SeOs> ion was added at the starting point
of culture, during the range of log phase and the end point of log phase.

A newly designed home-made electrodialysis (ED) was developed and applied
to separating Se compounds from remained-medium of Se-enriched probiotic

cultivation. The home-made ED apparatus was designed and constructed based on
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separation efficiency of selenium species, invention cost, suitable material, easy
operation and versatile application. It consisted of 2 main parts; ED stack and power
supply system. The home-made ED apparatus was achieved for using to remove SeO3*
ion from the remained-medium. The optimum applied voltage for driving the SeO5> ion
from the sample unit to the anode unit was 100 volt. It could remove 50 % SeOs* ion

from the remained-medium within 15 min.

Key words: electrodialysis; Se speciation; Se-enriched probiotics
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CHAPTER 1

INTRODUCTION

1.1 Background

Selenium (Se) is a trace element and accepted as an essential nutrient for
animals including human. However, its intake of high concentration per day could be
toxic effect for health (Klein, 2004). The recommended intake of human is 55-70
pg/day (Burk and Levander, 2006). Moreover, the toxicity or benefit of selenium
depends on the chemical form and concentration of selenium in environmental and
biological systems (Brown and Arthur, 2001). Generally, the inorganic species of
selenium such as selenate ion (SeO4>) and selenite ion (SeOs>) have high toxicity at
large doses (Templeton et al., 2000). Meanwhile, the organic species of selenium,
selenocysteine (Sec), Se-methyl selenocysteine (SeMC) and selenomethionine (SeM)
are amino acid forms of selenium in organisms and have several benefits for health
(Bock et al., 1991; Hartikainen, 2005).

Nowadays, supplementation of inorganic Se into food stuff has been
increasingly interested for providing organic Se source for human. However, there are
only bacteria, archaea and eukaryotes, which can produce Sec (Bdck, 2000). Various
genus of bacteria, Bifidobacterium, Enterococcus, Lactobacillus and Streptococcus,
have also used for producing organic Se source for human (Yang et al., 2009; Zhang et
al., 2009 ; Pieniz et al., 2011; Andreoni et al., 2000). Most kinds of bacteria, the genus
Lactobacillus has been mostly attended because of its probiotics property and daily
consumption (Pophaly et al., 2014).

Cultivation of Se-enriched Lactobacillus has been chiefly carried out by up
taking selenite ion (SeOs®) from selenite salt into culture medium. SeOs* ion is
absorbed through cell membrane of Lactobacillus, synthesized to be Sec as a primary
seleno amino acid, and incorporated into protein through the metabolism of

Lactobacillus (Calomme, 1998a; Calomme, 1998b). The obtained Sec-containing

selenoproteins in intracellular fraction of Lactobacillus are aqueous soluble protein, and
their molecular weight were about 30-70 kDa (Alzate et al., 2007; Galano et al., 2013).
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Even though, Se-enriched Lactobacillus has been intensively researched;
however, it has been mainly focused on accumulation and biotransformation of Se in
biomass of Lactobacillus. The attention of extracellular Se species in the remain-
medium from the culture has been less mentioned although it is the largest part of the
culture. Therefore, biotransformation and distribution of selenium in Lactobacillus
culture needs to evidence that organic Se is only synthesized and accumulated in cells
or also exported in to extracellular environment.

Electrodialysis (ED) is a process for transferring ions from aqueous solution
through a semi-permeable membrane under influence of an electric potential (Goldstein
and Mass, 1985). In general application of ED, it is mainly used in desalination of water
(Korngold et al., 1978). Furthermore, the use of ED in food, drug, and chemical
industries has been studied quite extensively (Strathmann, 1992). The most application
of ED for selenium is elimination selenium from Se-contaminated water (Murphy and
Colo, 1990). Utilization of ED for separation of Se in biological sample has not been
reported, therefore this work interested to develop and apply ED for separating Se

compounds from remained-medium of Se-enriched cultivation.

1.2 Purposes of the Research

The purposes of this study were as follows:
1.2.1 To develop the process of Se-enriched probiotic bacteria cultivation.
1.2.2 To study the biotransformation of selenium in Se-enriched probiotic
bacteria.
1.2.3 To develop home-made electrodialysis and apply to separation of Se

compounds in Se-enriched probiotic bacteria.

1.3 Hypothesis of the Research

The hypotheses of each experiments of this study were as follows:
1.3.1 Development of Se-enriched probiotic bacteria
1.3.1.1 The difference Se-supplemented concentrations should affect on

biotransformation of selenium in probiotic bacteira.
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1.3.1.2 The difference initiation time for adding SeOs* ion should affect
on accumulation biotransformation of selenium in probiotic bacteria.
1.3.2 Application of ED apparatus to separation of selenium species in Se-
enriched probiotic bacteria
1.3.2.1 The difference applied voltage should affect on separation of
sele-nium compounds.
1.3.2.2 The difference electrodialysis time should affect on separation of

selenium compounds.

1.4 Benefits of the research

The benefits of this study were obtained as follows:
1.4.1 Know the optimum conditions for Se-enriched probiotic bacteria culti-
vation.
1.4.2 Know the biotransformation of selenium in Se-enriched probiotic
bacteria and can apply this data to other research.
1.4.3 Obtain the novel design of ED apparatus and its optimum conditions
for separation of selenium species in Se-enriched probiotic bacteria.

1.5 Scope of the research

The scope of this research was classified as 3 main parts as follows;
1.5.1 Development of Se-enriched probiotic bacteria cultivation.
The optimization of conditions for Se-enriched probiotic cultivation was
followed as;
1.5.1.1 Growth rate of Se-enriched probiotic bacteria.
1.5.1.2 The effect of Se-supplemented concentrations on Se content on
probiotic bacteria.
1.5.1.3 The effect of initiation time for adding SeOs” ion on Se content
in probiotic bacteria.
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1.5.2 Development of home-made ED apparatus.
1.5.3 Application of the home-made ED apparatus to Se-enriched probiotic

bacteria.

1.6 Definition of Terms

Se-enriched foods: Foods are supplemented with selenium by some
procedures. Thus, these foods must contain selenium more than normal food.

Selenium species or Selenium speciation: Any chemical forms of selenium
occurred in environmental or biological system such as isotopes, oxidation state,
inorganic compounds, organic compounds and proteins.

HPLC-ICP-MS: A hyphenated technique between high performance liquid
chromatography and inductively coupled plasma - mass spectrometry using for

elemental speciation analysis
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CHAPTER 2

LITERATURE REVIEWS

2.1 Selenium

Selenium is a chemical element which was discovered by a Swedish Chemist,
Jons Jakob Berzelius, in 1817. Berzelius found the unknown substance with properties
like those of tellurium, while studying a method for the production of sulfuric acid
(Subcommittee on Selenium, National Research Council U.S.A, 1983). He gave it the
name selenium from the Greek word selene, which signifies the moon, while tellus is
the name of earth (Reilley, 1996). Since selenium was discovered, it has been variously
used in several industrial applications such as the photo copying process of xerography,
which depended on the light sensitivity of thin films of amorphous selenium, the
decolorization of glasses tinted by the present of iron compounds, and used as a pigment
in plastics, paints, enamels, glass, ceramics and ink (Krebs et al., 1994).

The effect of selenium on health was firstly recommended as a high toxic agent
when it is contaminated in environment. The toxicity of selenium was the first
mentioned in the 13™ century by Marco Polo who reported a problem with the damaged
hooves of horses after grazing on certain plants in regions of China (Shao and Zheng,
2008). However, the toxicity of selenium was widely interested in the 1930s when it
was found to cause poisoning of livestock in areas with high-selenium soil (O’Toole
and Raisbeck, 1995; Burk and Levander, 2006).

The chronic selenosis is obtained by cirrhosis, lameness, hoof malformations,
hair loss, and emaciation (Moxon and Rhian, 1943; Umesh et al., 1998). Extreme daily
intakes of human as low as 1 to 3 mg per day can cause toxicity symptoms if taken for
many mounts that result as hair loss, include a garlicky odor of the breath, nausea,
diarrhea, fatigue and changes of fingernails toenails, rashes and cirrhosis of liver may
also develop (Wardlaw, 2004).

The contrast understanding about the importance of selenium in human
nutrition was firstly published in the 1950s (Wapnir, 1990). This function of selenium

was expended after the biochemical basis of its essentiality was established in 1973 by
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identification of the enzyme glutathione peroxidase (GPx) and the first RDA for
selenium was announced in 1989 (Stadtman, 1974; Drummond and Brefere, 2004;
Watanabe, 2005). The homeostatic mechanisms appear to ensure that intake of selenium
are in balance with losses over a wide range of intakes form 9 to 80 pg/day which
selenium requirements depend on age and sex (Guthrie et al., 1995).

Deficiency of selenium associates several diseases such as Kashin-beck and
Keshan disease which have been found in selenium deficiency region such as some part
of China and New Zealand (Hinsenkamp, 2001). Kashin-Beck disease is an
osteoarticular disorder of the wrists and fingers, elbows, knees and ankles (Neve, 1999).
It is characterized by a range of bone and joint malformations that occur during
childhood or pubertal growth and progress until growth ceases. Thus, the research of
supplementing selenium in to food stuff for providing organic Se source for human
since the late 1980s, (burk and Levander, 2006).

2.2 Biochemistry of selenium

Selenium in biological system is mostly presented in the form organic
compound especially the forms of selenoamino acid and selenoproteins (Batley, 1990;
B’Hymer and Caruso, 2006; Lobinski and Szpunar, 1999). Seleno amino acid is a kind
of amino acid that contains selenium atom in a structure. Numerous selenoamino acids
were identified in living organisms such as Se-methylselenocysteine, y-glutamyl-Se-
methyl selenocysteine and y-glutamyl-Se-methyl selenomethionine, and selenomethio-
nine (Chassaigne et al., 2000; Sugihara et al., 2004; Larsen et al., 2006; Kapolna et al.,
2007; Cankur et al., 2006 and Ogra et al., 2009). In animal, selenocysteine (Sec) is a
natural amino acid, and has been identified as the 21% essential amino acid (Behne et
al., 1998). The chemical structure of Sec resembles cysteine (Cys) (Figure 2.1) by the
position of sulfur atom is replaced with the selenium atom but Sec reacts faster than Cys
(Mueller, 2009; Nauser et al., 2012). Moreover, Sec is also found in bacteria and
archaea (Bock, 2000). Selenocysteine-containing proteins are the major selenoprotein in
mammalian animals and bacteria (Behne et al., 1998; Klein, 2004; Allmang and Krol,
2006; Turanov, et al., 2011).
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The biosynthesis and specific incorporation of selenocysteine into protein in
bacteria was demonstrated in Figure 2.2. The pathway of selenoprotein synthesis of
bacteria requires the function of two cis and four trans elements. Sec is normally
incorporated in to peptide chain as selenoproteins in response to UGA codons and Sec
insertion sequence (SECIS) (Zhang and Gladyshev, 2005). The cis elements are a UGA
codon determining the position of selenocysteine insertion into the nascent polypeptide
and a secondary/tertiary structure within the mRNA, designated the SECIS element,
following the UGA at its side (Burk, 2000).

O O

SeH OH SH OH

NH, NH,

Selenocysteine Cysteine

Figure 2.1 Chemical structures of selenocysteine and cysteine
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Figure 2.2 The biosynthesis of selenoprotein in bacteria (Burk, 2000)
2.3 Selenium-enriched food production

Selenium contents of foods relate to geographical area which each region has
different selenium concentration in soil. Therefore, selenium contents in foods also are
varied by the region (Burk and Levander, 2006). Plant foods are the major dietary
sources and transfers to another living organism in food chain. Animals eat grains or
plants which are grown in selenium-rich soil; they would have high levels of selenium
in their muscle. In addition, people living in the high levels of selenium region have
higher selenium intakes than people living in the lower levels of selenium region
(Drummond and Brelere, 2004).

The toxicity or benefit of selenium absolutely depends on the chemical form
and concentration of selenium in environmental and biological systems (Brown &
Arthur, 2001; Clement et al., 2000; Frankenberger and Benson, 1994). Generally, the
inorganic species of selenium such as selenate (SeVI) and selenite (SelV) present high

toxicity at large doses (Mazan et al., 2002; Orero et al., 2004). Meanwhile, the organic
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species of selenium, selenocysteine (SeC), Se-methylselenocysteine (SeMC) and
selenomethionine (SeM) are amino acid forms of selenium in organisms and have
several benefits for health (Bock et al., 1991; Combs et al., 1997; Hartikainen, 2005).
Thus, the production of Se-enriched food by supplementing inorganic selenium into
organisms such as yeast, mushroom and bacteria for providing an organic selenium
source for humans has received wide interest around the world (Alzate et al., 2007;
Casiot et al., 1999; Larsen et al., 2006; Rayman et al., 2008; Yoshida et al., 2005).

Plant is one of food stuff which has been mostly provided dietary Se in areas of
Se deficiency, and to clean up Se pollution from seleniferous areas (Pilon-Smits and
LeDuc, 2009). Therefore, production of selenium-enriched plant has been increasingly
interested for using as dietary supplement. In Se-enriched plant process, the solution of
inorganic selenium such as selenate and selenite ions are added for plant cultivation by
treating in to soil or hydroponic medium (Li et al., 2008; Sugihara et al., 2004,
Maneethong et al., 2013; Thosaikham et al., 2014). It is then absorbed through the root,
accumulated in each part of plant and converted to organic selenium (Yathavakilla et
al., 2005; Zayed et al., 2008; Li et al., 2015).

Several kinds of plant such as Allium, Brassiceae and Astragarus families have
been utilized for studying their accumulation and biotransformation of selenium
(Kotrebai et al., 1999; Wrobel et al., 2004; Pyrzynska, 2009). The major organic
selenium compounds in Se-enriched plant are Se-methylselenocysteine, selenomethio-
nine and y-glutamyl-Se-methylselenocysteine (Montes-Bayén et al., 2002; Sugihara et
al., 2004; Whanger, 2004; Ogra et al., 2009).

Currently, Se-enriched yeast is mostly recognized as the most successful
commercial Se-enriched food product, which has high concentration of organic Se
species, especially selenomethionine (Dumont et al., 2006; Rayman, 2004; Shia et al.,
2010). Consumption of Se-enriched yeast has been recognized as a beneficial and safe
form of Se for health (Schrauzer, 2000; Papp et al., 2007). The manufacture of Se-
enriched yeast has usually utilized sodium selenite as an inorganic Se source for
addition into the medium of yeast fermentation (Aguilar et al., 2008; Schlosser et al.,
1994). Selenite is highly absorbed, accumulated and transformed to be organic Se
species through the metabolism of yeast cells (Aguilar et al., 2009; Reyes et al., 2006).
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Additionally, Se-enrich plant and yeast have been applied to be supplement diet in
animal feed (Chantiratikul et al., 2008; Chantiratikul et al., 2011).

2.4 Probiotics

Probiotics are living microbial that beneficially affects the host through its
effects in the intestinal system (Roberfroid, 2000). Health benefits of probiotics are
reconzied as good bacteria that are similar to microorganisms obtained in the human gut
(National Center for Complementary and Integrative Health, 2015). There are various
microbial that have been discovered and defined as probiotics. In numerous of
discovered probiotics, lactic acid bacteria is recognized as the most important probiotic
microorganisms associated with the human gastrointestinal tract, and can glow and
survive under acidic condition (Rolfe, 2000, Charalampopoulos et al., 2003; Ding and
Shah, 2007). Thus, probiotics have been used as a supplement in human and animal for
the control of gastrointestinal health (Sanders, 2009; Pan et al., 2011).

Several lactic bacteria are associated with various plant and animal niches, and
play a key role in the production of fermented foods and beverages (Heller, 2001;
Makarova et at., 2006). Traditionally, lactic acid bacteria have been classified on the
basis of phenotypic properties, e.g., morphology, mode of glucose fermentation, growth
at different temperatures, lactic acid configuration, and fermentation of various
carbohydrates (Holzapfel et al., 2001). Currently, genera Lactobacillus, Bifidobac-
terium and Enterococcus have been mostly focused and applied in an industrial
application. They could be classified with the physiology and taxonomic position of
species (Klein et al., 1998).

The health effects attributed to the use of probiotics have been widely
researched for enhancing the understanding about probiotics. Currently, probiotics have
been used for the prevention and treatment of several diseases (Boyle et al., 2006).
Various evidence of health effects through the use of probiotics were reported such as
reduction of Helicobacter pylori infection, reduction of allergic symptoms, relief from
constipation, relief from irritable bowel syndrome, beneficial effects on mineral
metabolism, and particularly bone density and stability (Marteau et al., 2001).

Moreover, the benefits of probiotics are included cancer prevention, and reduction of
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cholesterol and triacylglycerol plasma concentrations (Schrezenmeir and de Vrese,
2001).

2.5 Selenium-enriched probiotics

Supplementation of inorganic Se into food stuffs has been increasingly
interested for providing organic Se source for human. However, only bacteria, archaea
and eukaryotes can produce Sec, which is the most important selenoamino acid to be
synthesized as selenoprotein in human (Bock, 2000). However, there are few research
that have been reported about Se supplementation and biotransformation in bacteria
especially probiotic bacteria (Calomme et al., 1995; Zhang et al., 2009).

The first application of bacteria was utilization of bacteria for removing soluble
selenium from environment (Oremland et al., 1989; Siddique et al., 2006). Several
bacterial species have been applied to elimination of selenium from the Se-
contaminated environment such as Desulfovibrio desulfuricans, Anabaena fitsaquae,
Gammaproteobacteria, Deltaproteobacteria, Deferribacteres, Chrysiogenetes and
Stenotrophomonas maltophilia (Dungan et al., 2003; Tomie et al., 1995; Kiffney and
Knight, 1990; Narasingarao and Haggblom, 2007).

Addition of inorganic Se in to probiotics cultivation was firstly studied in
Lactobacillus, which was reported by Calomme, 1995. Nowadays, various bacteria
genus such as Bifidobacterium, Enterococcus and Streptococcus has been widely
studied their possibility and potential for producing as organic Se source for human
(Yang et al., 2009; Zhang et al., 2009 ; Pieniz et al., 2011; Andreoni et al., 2000).
However, most kind of bacteria, Lactobacillus has been mostly attended because of its
probiotics property and daily consumption (Pophalya et al., 2014).

Cultivation of Se-enriched probiotics has been chiefly carried out by up taking
selenite ion (SeO3%) from selenite salt into culture medium. Selenite ion is absorbed
through cell membrane of Lactobacillus, synthesized to be SeC, and incorporated into
protein though the metabolism of Lactobacillus (Calomme, 1995a; Calomme, 1995b;

Robles et al., 1999). Selenoprotein distributes in each part of probiotic cells such as

polysaccharide and the nucleic acid. (Zhang et al., 2009). Molecular weights of the

obtained selenoproteins are in the range of 30-70 kDa (Alzate et al., 2007). Moreover,
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selenoproteins could decrease chaperone expression, which is the stress factor of
Lactobacillus (Mangiapane et al., 2014).

Generally, probiotics could usually endure selenite at concentration lower than
2 pg L™ in broth medium. In the case of excess selenite-supplemented uptakes
concentration, probiotics would reduce a toxic of selenite (Se**) by reducing oxidation
state of selenite (Se**) to insoluble elemental selenium (Se°) granule, thereby depositing
it both in the cytoplasm and in the extracellular space (Gerrard et al., 1974; Silverberg
etal., 1976; Turner et al., 1998; Xia et al., 2007).

A study of Se-enriched fermented milk products was firstly presented by
Alzate et al., 2007, the result showed that selenocystine and Se-methyl selenosysteine
were obtained the major organic selenium species in Se-enriched yogurt. Otherwise, a
study of biotransformation of selenite by Lactobacillus and Saccharomyces in lactic
fermentation process of kefir obtained selenomethionine including selenocystine and
Se-methyl selenosysteine. This could be discussed that selenomethitonine was
synthesized by Saccharomyces, meanwhile it was not obtained in Se-enriched yogurt
which was only fermented by lactic bacteria (Alzate et al., 2008).

Applications of Se-enriched probiotics have been also studied for evaluating its
benefit on health. Several studies indicated that Se-enriched probiotics has high
antioxdative activity. For instant, the protein fraction from Se-enriched Bifidobacterium
animalis 01 presented a positive role in enhancing the antioxidant activity (Shen et al.,
2010). Se-enriched exopolysaccharide is a water-soluble fraction, extracted from Se-
enriched probiotics cells, and has high bioactivity (Jin et al., 2010). Recently, Guo et
al., (2013) reported that the fraction of exopolysaccharide isolated from Se-enriched
Lactococcus lactis subsp. Lactis showed stronger in vitro and in vivo antioxidant
activity. Moreover, the in vivo study by Yazdi et al., (2013) demonstrated that Se
nanoparticle-enriched Lactobacillus brevis could reduce the liver metastasis in
metastatic form of mouse breast cancer. Based on antibacterial action, the selenium-
enriched probiotics could strongly against pathogenic Escherichia coli (E. coli) in vitro
and in vivo (Yang et al., 2009).

Se-enriched probiotics has increasingly interested for using as dietary
supplement in animal feed. Pan et al., (2011) reported that supplementation of Se-

enriched probiotic in laying hens feed could affect on egg quality, egg selenium content,
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and glutathione peroxidase (GPX) activity. Recent report by Lu et al., 2013 presented
that supplementation of exopolysaccharide extract from Se-enriched Enterobacter
cloacae 20206 in to broiler feed could enhance antioxidant status and immune function.
Furthermore, Se-enriched probiotics could increase Se concentration, glutathione
peroxidase (GPX) activity and mRNA level in piglet (Gan et al., 2011).

2.6 Lactobacillus casei subsp. rhamnosusis

L. casei subsp. rhamnosusis is a species of gram-positive, rod-shaped bacteria
and recommended as a probiotic bacteria. It originates natively in the human intestine
(Salminen et al., 2002). The strain of L. casei subsp. rhamnosuscould is stable, and
survives in acidic pH of gastric juice (Corcoran et al., 2005). Several health effects of L.
casei subsp. rhamnosusare informed including prevention of intestinal inflammation,
and stimulation of immune responses of allergic symptoms (Pessi et al., 2000; Segers
and Lebeer, 2014).

Based on supplementation of selenium in to L. casei subsp. rhamnosusculture,
the first report by Andreoni et al., (2000) demonstrated that L. casei subsp. rhamnosus
could transform Selenite to be organic Se, and accumulate high amount of Se in

biomass.

2.7 Lactobacillus bulgaricus

Lactobacillus bulgaricus is a gram-positive bacteria and probiotic (Goldin et
al., 1992). It could grow within the environment of the gastro-intestinal tract (Parvez et
al., 2006). L bulgaricus appears to play several important roles as a soldier to defense
the digestive tract from harmful bacteria (Fuller, 1992). L. bulgaricus is traditionally
used as starter together with Streptococcus thermophilus (S. thermophilus) (Michaylov
et al. 2007).

Previously, Alzate et al. (2008) demonstrated that L. bulgaricus could high
absorb inorganic selenium and transform to be selenocysteine which is incorporated in
selenoprotein. Additionally, Se-enriched lactobacillus could reduce CCls-induced liver

injury in mice, decrease lipid-peroxidative damage in cells, inhibit excessive release of
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TNF-a and protect dramatic elevation of hepatocyte [Ca®'i] concentration (Chen et al.,
2005).

2.8 Electrodialysis

2.8.1 Principal of electrodialysis

Electrodialysis (ED) is an electrochemical process for separation of the soluble
ions; negative charge ion and positive charge ion from solution through semipermeable
membranes under the electric field (Figure 2.3) (Xu, 2005; EI-Ghonemy, 2011). For the
structure of ED apparatus, membrane is the most important device for filtering the ions
from solution. Therefore, several kinds of membranes have been developed for
supporting the ED apparatus especially ions-exchange membrane. The semipermeable
could be classified as cation and anion exchange membranes. These membranes are
used to allow only the opposite charge ion prior to pass to the electrode. For instance,
the anions can move through the anion-exchange membrane, but they can not pass by
the cation-exchange membrane. Therefore, they are blocked and trapped in the solution.
Similarly, cations can move in the opposite direction through the cation-selective
membrane under a negative charge, and are trapped by the anion-selective membrane
(Kariduraganavar et al., 2006).

+ve -ve
(Anode) (Cathode)

<O O

-ve ions +ve ions
(Anion) (Cation)

Fresh water compartment

i
e

Anion permeable membrane

/

Cation permeable membrane

Figure 2.3 Principle of electrodialysis (ED) (EI-Ghonemy, 2011)
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2.8.2 Application of electrodialysis

Base on application of ED for selenium, it has been usually applied to treat
Se-contaminated water by removing inorganic ions selenium such as selenate and
selenite from that water (Murphy and Colo, 1990). Nevertheless, the utilization of ED
for studying biotransformation of selenium is not reported.

The concept of this work was considered from the metabolism of selenium
in organism. The living organisms are usually treated with inorganic selenium such as
selenate and selenite. They could absorb and transform these selenium species into
various selenoproteins (SP). Moreover, partial of the inorganic selenium are
transformed to be low molecular weight organic selenium species (LMOS) especially
free seleno amino acid such as SeMC and gramma-glutamyl selenosysteine (Terry et
al., 2000; Ellis et al., 2004; Johanson et al., 2005). Meanwhile, partial of accessed SIS
concentration would not be transformed and remained as non-transformed inorganic
selenium (NTIS) in the Se-enriched food culture system (Montes-Bayon et al., 2006).
Normally, these selenium species could present their charge and in appropriate aqueous
solution. Furthermore, they have different molecular weight which selenoproteins are
macromolecules; their molecular weights are usually larger than 10 kD.

The SIS and LMOS are small molecules that their molecular weight is lower
than 300 D (Szpunar, 2005). Generally, these selenium species could solute and present
their charge in appropriate solution (Zheng et al., 2000). Thus, they could migrate
through the permeable membrane under electric field of the ED. From the
biotransformation mechanism of selenium and the property of each selenium species,
they are the possible to design and construct the ED apparatus for pretreatment and

fractionation selenium species in Se-enriched food.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

1. Polyacrylic plastic (10 mm thickness), Pan Asia Industrial Co., LTD.
Thailand.

2. Notebook silicone, Brand New Laptop, China

3. Graphite electrodes from pencil 2B type, QuanTum, DHA Siamwara LTD.,
Thailand

4. Cellulose membrane (45 mm flat width and 2000 Dalton nominal MWCO),
Cellu-Sep H1, Membrane Filtration Products, Inc., USA.

5. The strains of Lactobacillus casei subsp.rhamnosus (TISTR No. 372) and
Lactobacillus bulgaricus (TISTR No. 451), TISTR Culture Collection, Thailand

Institute of Scientific and Technological Research, Pathum Thani, Thailand.

3.2 Chemical and reagents

All chemical and reagents used were of analytical, BioPerformance certified or
HPLC grade. Sodium selenite, Tris hydrochloride, lysozyme from chicken egg white (~
70000 U/mg solid and Protease XIV from Streptomyces griseus (>3.5 U/mg solid) were
obtained from Sigma-Aldrich (Germany). DL-selenomethionine, L-selenocystine, Se-
methylseleno-L-cysteine, trifluoroacetic acid, 1-butanesulfonic acid sodium salt,
tetramethylammonium hydroxide, and DL-1,4-dithiothreitol were purchased from Acros
Organics (Belgium). Selenium standard solution, nitric acid, ammonia solution and
methanol were obtained from Carlo Erba (Italy). Hydrochloric acid was purchased from
BHD (UK). Lactobacillus MRS Broth used was obtained from HiMedia (India).
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3.3 Instrumentation

The ICP-MS instrument for Se determination was the Elan DRC-e (Perkin-
Elmer SCIEX, Norwalk, USA), equipped with a double-pass Scott spray chamber fitted
with a cross-flow nebulizer. The chromatographic system was carried out with isocratic
system using the Dual pump KP-11 (Ogawa & Co., Ltd., Kobe, Japan), equipped with a
syringe loading injector (Model 9725i, Rheodyne six-port injection valve) with a 100
puL sample loop. The reversed phase columns for separation of Se species utilized
Inersil® C18 (GL Science Inc., Tokyo, Japan, 250 mm length x 4.6 mm I.D., 5 pm
particle size). The chromatographic system was connected to the ICP-MS instrument by
using PEEK capillary tubing (300 mm length x 0.25 mm 1.D.).

Total selenium concentration in the electrodialyzed solution was determined by
using hydride generation - atomic absorption spectrometry (HG-AAS). The atomic
absorption spectrometer was Model 280FS AA (Agilent technology, USA). The
production of selenium hydride was achieved by using the vapor generation accessory
for model VGA 77 (Agilent technology, USA). The atomization of selenium hydride
was carried out by using electrothermal controller (ETC 60, Agilent technology, USA)

The morphology of probiotics was studied by using scanning electron
microscope (SEM) (Jeol, model JSM-6460LVI, Tokyo, Japan). The SPI Module™
Sputter Coaters (SPI Supplies/Structure Probe, Inc. West Chester, USA) was utilized for
preparing SEM imaging of probiotic cells.

Ultrasonic bath using DT 255 H (Babdelin, Germany) was employed.
Refrigerated centrifuge using Centurion Model NF 800R obtained from Nive
(Germany). Water bath using was model TW 12 Julabo, Germany. Freeze drier for

drying biomass of probotics was model Freezeone 4.5 obtained from Labconco (USA).
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3.4 Experimental
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There are 3 main experiments in this work; development of ED apparatus,

development of Se-enriched probiotic bacteria cultivation, and application of the

proposed ED to separation of selenium species in Se-enriched probiotic bacteria. The

scope of this research is shown in Figure 3.1.

Scope of the research

Development of home-made ED

apparatus

Development of Se-enriched

probiotic bacteria cultivation

Application of the home-made ED
apparatus for separation of Se species in

Se-enriched probiotic bacteria

Figure 3.1 Diagram of research scope
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3.4.1 Se-enriched probiotics cultivation
Conditions of Se-enriched probiotics cultivation were optimized and the

experimental plan is showed in Figure 3.2.

Development of Se-enriched probiotic bacteria

cultivation

1L

Preparation of probiotic inoculums

1L

Studied on growth curve of probiotics

1l

Comparison of Se accumulation and biotransformation of the probiotic strains

1L

Studied on the effect of Se-supplemented concentrations on

Se content probiotics

g

Studied on the effect of initiation time for adding SeO3% ion on

Se content probiotics

Figure 3.2 Experimental plan of development of Se-enriched probiotic production
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3.4.1.1 Preparation of probiotic inoculums

The strains of L. casei subsp.rhamnosus (TISTR No. 372) and L.
bulgaricus (TISTR No. 451) were individually transferred into 125 mL Erlenmeyer
flask containing 50 mL of MRS broth medium (5.15 %w/v). The batch cultures were
incubated overnight at 37 °C, and continuously shaken at 150 rpm. The inoculums of
probiotics were prepared by loading 0.1 mL of the overnight culture with sterilized
micropipette into 1 mL MRS which was contained in screw cap test tube. Afterward,
the inoculums of probiotics were cultured at 37 °C and, shaken at150 rpm until the
optical density at Amax 660 nm (ODggp) Was about 1 by sampling to measure with

spectrophotometer every 3 h.

3.4.1.2 Growth rate of probiotics

The inoculums of probiotic from section 3.4.1.1 were transferred to 250
mL Erlenmeyer flask (n = 3) containing 100 mL of MRS broth medium. The batch
cultures were incubated at 37 °C and 150 rpm shaker. Growth rate of the probiotic in the
batch cultures was monitored at 0, 3, 6, 12, 18 24, 36, 48, 60, 72 and 96 h of incubation
by measuring the ODggp Value with the spectrophotometer. Harvesting of the culture of
each incubation time was performed with aseptic technique by sampling 500 pL of the
culture into centrifuge tube using sterilized pipette tip. Then, it was centrifuged at 5000
rpm, 4 °C for 10 min, and removed the supernatant. The cells pellet was washed twice
with deionized water after that it was resuspended with deionized water and measured
ODggo value with the spectrophotometer. The relationship between incubation time and
ODggo Vvalues was plotted as the growth curve for calculating the maximum specific
growth rate (Umaxy and characterizing the growth phases of probiotic in batch culture.

The maximum specific growth rate (Hmax) was calculated from the slope
of the log phase using equation (1).

_ InX - InX,

Mmax = Y 1)

Where: X is ODggo Value in the end of the log phase, X is ODggo Value in
the beginning of the log phase, and At is the time interval between observations (Kask et

al., 2003). The pmax Was calculated using at least three samples taken in the log phase.
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3.4.1.3 Comparison of Se accumulation and biotransformation of the

probiotic strains

The inoculums of L. casei subsp.rhamnosus and L. bugaricus strain were
transferred into 100 mL MRS broth medium (n = 3) which was contented SeO3* ion 2.5
mg Se L™ from Na,SeOs. They were cultured in 250 Erlenmeyer flasks at 37 °C, and
shaken at 150 rpm. The cultures of both Se-enriched probiotics were harvested at the
end time of cultivation by centrifugation at 5000 rpm for 10 min. The supernatant was
removed and the cells pellets were washed three times with deionized water, frozen,
lyophilized, and weighed. Se accumulation and biotransformation of L. casei
subsp.rhamnosus and L. bugaricus strain was compared for selecting the strain for the

next experiment.

3.4.1.4 The effect of Se-supplemented concentration on Se content in

probiotics

The inoculums of probiotic was transferred into 100 mL MRS broth
medium (n = 3) for bath culture in 250 Erlenmeyer flask at 37 °C, and shaken at 150
rpm. After initial growth for 3 h, SeOs* ion from Na,SeOs stock solution was added
into the batch cultures at final concentrations of 0, 1, 2.5, 4.0, 5.5, and 7.0 mg Se L™,
and continuously incubated. At the end of cultivation, the biomass was harvested by
centrifugation at 5000 rpm for 10 min. The supernatant was separated and stored in
polyethylene bottle. The cells pellets were washed three times with deionized water,
frozen, lyophilized, and weighed.

3.4.1.5 The effect of initiation time for adding Se03% ion on Se content

in probiotics

The initiation time for adding SeOs* ion was studied for comparing the
Se accumulation and biotransformation when the Se032' ion was treated into different
time of the growth curve of probiotic. The selection of the initiation time for adding
SeOs* ion was considered from the growth phases of probiotic strains which covered
lag phase, log phase and stationary phase. After the probiotic strain was grown with the
selected initiation time, the SeOs% ion stock solution was added to be the final optimum

Se-supplemented concentration. Then, the cultures were continuously incubated, and
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harvested the cells at the end time of cultivation by centrifugation at 5000 rpm for 10
min. The cells pellets were washed three times with deionized water, frozen,

lyophilized, and weighed.

3.4.2 Analytical procedures
The experimental plan for analyzing total Se, Se speciation and morphology

of Se-enriched probiotic is showed in Figure 3.3.

3.4.2.1 Total selenium determination

The determination of total Se concentrations in dried cells, remained-
medium and whole culture from Se-enriched probiotics cultivation was performed by
ICP-MS technique. The samples were digested by utilizing the home-made closed
digestion system which was developed in our laboratory (Sittipout et al., 2011). The 50
mg of Se-enriched dried cells was weighed into the vessel (n=3). Volume of 1 mL nitric
acid (68%) and 1 mL H,O, were added. The vessel was closed with its cap and
incubated in a hot water bath at 100 °C for 15 min. Then, the vessel was cooled to room
temperature. The digest was transfer in to a 25 mL volumetric flask, and made up the
volume with deionized water prior to determination of total selenium using the ICP-MS
technique.

For the remained-medium and whole culture preparation, a volume of 2
mL sample was loaded into the digestion vessel (n = 3). The digestion procedure was
monitored as same as the digestion of dried cells. The conditions of ICP-MS for

detection of Se are shown in Table 3.1.
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Table 3.1 ICP-MS operating parameters

Parameters Setting
Nebulizer gas flow 0.89 L min™
Auxiliary gas flow 1.10 L min™
Plasma gas flow 15 L min™
Lens voltage 7.0 volt
ICP RF power 1200 W
Mass analyzer Quadrupole
Mass monitoring (m/z) Se-82
Detection mode Standard mode

3.4.2.2 Selenium species determination

3.4.2.2.1 lon paired reversed phase HPLC-1CP-MS for Se speciation
analysis
The ion paired reversed phase HPLC-ICP-MS for Se species determi-
nation was demonstrated from our previous research (Thosaikham et al., 2014). The
conditions of chromatographic system were presented in Table 3.2.

3.4.2.2.2 Preparation of selenium compounds standard solution

The stock standard solutions of selenite ion (SeOs*), Se-methyl
selenocysteine (SeMC) and selenomethionine (SeM) were prepared from sodium
selenite, Semethylseleno-L-cysteine and DL-selenomethionine, respectively. They were
prepared by dissolving the solid reagent in deionized water. Selenocysteine (Sec) was
specially prepared and adapted from Chery et al. (2005). It was prepared by dissolving
L-selenocystine into 0.05 M of DTT in 0.1 M HCI solution. The Sec solution was
incubated at 50 °C for 30 min until L-selenocystine completely dissolved and then
brought up to volume with deionized water. Furthermore, all selenium species standard
stock solutions were standardized with the total selenium standard solution (AAS grade)

prior to use and stored at -18 °C.

~ Mahasarakham University



24

Table 3.2 Experimental conditions of ion paired reversed phase HPLC-ICP-MS

Parameters Setting
- Analytical column C-18 column (250 mm length x 4.6 mm I.D., 5
pm particle size) equipped with C-18 guard
column.
- Mobile phase solution
pH value 4.5
Trifluroacetic acid (TFA) 4 mM
1-butansulfonic acid (BSA) 8 mM
Methanol 0.1 %(v/v)
Injection volume 100 pL
Flow rate 1.0 mL min* (isocratic system)

3.4.2.2.3 Preparation of Se-enriched probiotics dried cells

The Se species in dried cells of Se-enriched probiotics determination
was prepared by enzymatic extraction method. The extraction procedure was performed
by weighing 20 mg of dried cells into sterilized polyethylene bottle. The sample was
then added 5 mL Tris-HCI buffer (pH = 7.0), 1 mL DTT solution (0.02 M in Tris-HCI
buffer pH = 7), 2 mL lysozyme in Tris-HCI (3.5 unit/mL) and 2 mL protease XIV in
Tris-HCI (2000 unit/mL). The mixture was sonicated in an ultrasonic bath for 10 min,
and moved to incubation at 37°C and 180 rpm shaking for 24 h. Then, the mixture was
centrifuged at 6000 rpm for 30 min, removed the supernatant for determining Se
compounds by HPLC-ICP-MS.

3.4.2.2.4 Preparation of remained-medium
The remained-medium was few prepared for determining extracellular
Se compounds without hydrolysis procedure. It was directly diluted 5 times with mobile
phase solution, and filtered through the nylon syringe filter (0.45 um) prior to injection
into the ion-pairs reversed phased HPLC-ICP-MS. Accordingly, the obtained Se com-
pounds in the remained-medium would be free amino acid or Seogz' ion which were not

incorporated into protein.
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For checking the position of each Se compounds peaks in the
chromatogram, Se compounds standards were individually spiked into the remained-
medium to be 100 mg Se L™ at final concentration, and determined with the
chromatographic system. Then, the obtained peaks of Se compounds in the non-spiked
remain-medium were compared with the peaks of each Se compounds from spiked
remain-medium. Moreover, all Se compounds standards were spiked together in the

remained-medium for recovery test and calculating their percentage recovery.

3.4.2.2.5 Scanning electron microscopy
The dried Se-enriched probiotics samples from section 3.4.1.4 were
directly added onto a filament of graphite, dehydrated at room temperature in a high

vacuum coating system and examined by scanning electron microscopy (SEM).
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3.4.3 Development of home-made ED apparatus
The home-made ED apparatus was designed by considering with the
separation efficiency of selenium species, invention cost, suitable material, easy
operation and available application. In this work, the ED apparatus was designed by
using MS-Office PowerPoint 2007 software. It consisted of 2 main parts; ED stack and

power supply system. Layout of the designed ED apparatus is displayed in Figure 3.4.

Al 0/]

— 1
2 @
—_—
0 o
e 8 ©

Figure 3.4 The home-made ED apparatus and its main parts; ED stack (1) and power
supply system (2).

3.4.3.1 ED stack
ED stack was a unit for containing solution and dialyzing selenium
species through a permeable membrane. It consisted of frame cell body, dialysis
membrane, sealing system and lock system. The descriptions of the design and function

of each device are following as;

3.4.3.1.1 Frame cell body
Frame cell body was a solution containing device which was
designed, and shown in Figure 3.5. It was made from acrylic plastic which has the
length, width and thickness; 10.7, 4.5 and 1.0 cm, respectively (Figure 3.6 and Figure

3.7). The chamber for containing solution was made by perforating a square space at the
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center of frame cell body which the length, width and thickness of this chamber were
7.7, 1.5 and 1.0 cm, respectively. The top side of the frame cell body was countersunk
as two holes for solution loading and air passage. Furthermore, seven screwed-holes

were countersunk through the cross section side of the frame cell body for wearing

SCrews.
alr passage
Solution loading passas

screww \é —

\® O

Solution chamber -----f----- -
O O
O O O

Figure 3.5 The design of frame cell body
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Figure 3.6 Scale of frame cell body

Figure 3.7 The model frame cell body
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3.4.3.1.2 Dialysis membrane
Dialysis membrane was used for separating selenium species with
their different charge and weight of molecule. The size of dialysis membrane was
presented in Figure 3.8. In this work, cellulose membrane was selected for separating
small molecules which their molecular weights are lower than 2000 D (Figure 3.9). The
dialysis membrane was provided by cutting appropriately for fitting to the frame cell
body (Figure 3.10).

O O O
0.5cm
<>
screwed-holes —50 O 10.7 cm
O o0 O]
4.5cm

Figure 3.8 Design of dialysis membrane
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Figure 3.9 Dialysis membrane used in this work
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Dialysis membrane

o e

Silicone sheet

Frame cell body

E

Figure 3.10 Dialysis membrane fitted on silicone sheet and frame cell body

3.4.3.1.3 Sealing system and lock system

The leakage of solution from the ED stack was protected by sealing
the frame cell bodies with a silicone sheet. It was appropriately cut and fixed on the
frame cell body. Its design and scale are presented in Figure 3.11. In this work, the
notebook silicone cover was adapted as the silicone sheet (Figure 3.12 and Figure 3.13).
It was exactly attached on the frame cell body prior to installation in the ED stack
(Figure 3.14).

The screws and nuts were used for consolidating all devices to be the
ED stack. A long screw (Figure 3.15 (A)) was used to fix the frame cell bodies, dialysis
membranes, silicone sheets and cover plate together. The ends of screws were locked
with nuts. The screws and nuts used in this work were made from stainless steel (Figure
3.15 (B)).

Figure 3.18 presents the arrangement of the devices prior to assem-

bling as ED stack. The end sides of ED stack was enclosed with cover plates, and
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locked with the screws and nuts (Figure 3.16 and Figure 3.17). The complete ED stack

was displayed in Figure 3.19.

N
O O O
E L.5:&r
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screwed-hole —50 | |9 O 10.7 cm
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\ 4
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4.5cm

Figure 3.11 The design of silicone sheet

Frame cell body

Notebook silicone cover

Figure 3.12 Cutting silicone sheet from notebook silicone cover
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Figure 3.13 The model of silicone sheet

Figure 3.14 Silicone sheet fitted on the frame cell body
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10 cm

(B)

Figure 3.15 The design of screws and nuts (A), the model of screws and nuts (B)
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Figure 3.16 The design of cover plate
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Figure 3.17 The model of cover plates
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Figure 3.19 The model of ED stack

3.4.3.2 Power supply system

Applying of electric current to the ED stack was performed by using a
power supply system. It composed with electrodes and power supply apparatus. In this
work, the graphite electrodes were made from pencil (2B type) that is shown in Figure
3.20. They were installed in the frame cell bodies which were selected as cathode and
anode electrode-frame cell bodies. They were fixed in the loading out hole with a nut
(HPLC type) that is showed in Figure 3.21. The positive and negative DC voltage from
the power supply apparatus was applied to the electrode-frame cell bodies though
electric cables to the cathode and anode electrodes, respectively. The picture of ED

stack and power supply system is showed in Figure 3.22.
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Figure 3.20 The design of graphite electrode and installing in the frame cell body
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Figure 3.21 The model of graphite electrode (A) and installing in frame cell body (B)
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Figure 3.22 The design of home-made ED apparatus

3.4.4 Application of home-made ED apparatus for Se species in Se-

enriched probiotics

In Se-enriched probiotic culture, the remained-medium was the largest part
that is usually let to be as a by-product after harvesting the biomass. In the previous
studies, Se speciation analysis and applications of Se-enriched probiotics have focused
only the biomass (Calomme, 1995; Yang et al., 2009; Zhang et al., 2009; Alzate et al.,
2007). It is possible that the remained-medium would be also contained organic Se
compounds and non-transform Se03% ion. However, the remained-medium should be
added value by eliminating the non-transform SeOs* ion which is not beneficial for
health. Hence, this work interested to apply the home-made ED apparatus for removing

the non-transformed SeQs> ion from the remained-medium.

3.4.4.1 Determination of Se compounds by HG-AAS
The 4 Se compounds; selenite ion (SeOs*), Se-methyl selenocysteine
(SeMC) and selenomethionine (SeM) were determined by HG-AAS. The standard
solution of each Se compounds was prepared by diluting stock solutions to be final
concentration at 20 pg Se L™ with DI water. Afterward, the standard solutions of each

Se compounds were individually injected into the hydride generation system. The
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method of selenium hydride generation was recommended in user’s guide of VGA 77
(Agilent technology, 2014). The conditions of HG-AAS for Se determination are

presented in Table 3.3.

Table 3.3 Conditions of HG-AAS for Se determination

Parameters Setting
VGA 77
- Reducing solution 0.6% w/v NaBH, and 0.5% w/v NaOH
- Acid solution 5M HCI
- Carrier gas Ar gas
ETC 60
- Atomization temperature | 900C
- Hollow Cathode Lamp UltrAA lamp for Selenium detection at Amax 196 nm

3.4.4.2 Optimization of applied voltage

Electric field is an important factor for migrating SeOs* ion from the
sample frame cell (a) to the electrode-frame cells. Therefore, it was optimized by
varying in the range of 25 to 125 volt (n = 3). The optimum applied voltage was
selected for the next study.

The setting procedure of the ED apparatus was operated in Figure 3.23.
The remained-medium was diluted 10 times with DI water, and loaded 10 mL into the
sample unit of ED stack. The 20 mL DI water was loaded into cathode and anode units
of the ED stack. Then, the electric field was applied through electric cables to the
cathode and anode units for 5 min. For loading out the solution from the ED stack
(Figure 3.24), the remained-medium was firstly loaded out by a syringe and collected in
PE bottle after that the dialyzed solutions in the cathode and anode units were also
loaded out. The collected solutions were determined SeOs* concentration by hydride
generation - atomic absorption spectrometer (HG-AAS)
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3.4.4.3 Optimization of electrodialysis time
The optimization applied voltage time was studied for evaluating running
time of the ED apparatus for selenium species pretreatment. It was optimized in the

range of 2.5 to 15 min (n = 3) under the optimum applied voltage.

Remained-medium

@ DI walter DIlwater @

Figure 3.23 The ED stack setting for removing SeOs? ion from the remained-medium
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-

e |

r\ / DI water Remained-medium DI water
Membrane

Figure 3.24 Loading out solutions from the ED stack

3.5 Data analysis

All experimental data were expressed as mean + SD. The data of sample
preparation part analyzed for variance (ANOVA) and significant different among the
means from triplicate analysis was set at p < 0.05. This was determined by General
Linear Model multivariate range test using the statistical program for social science

(SPSS, Chicago, IL, USA) Version 16.0 for windows
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Se-enriched probiotics cultivation

4.1.1 Growth rate of probiotic strains

L. casei subp. rhamnosus and L. bulgaricus are recognized as beneficial
probiotics, and widely used in the dairy industry (Roberfroid, 2000). Hence, they were
selected for producing Se-enriched probiotics. The growth rate of the L. casei subsp.
rhamnosus and L. bulgaricus strains in MRS broth medium were studied as the first
parameter for further developing the process of Se-enriched probiotics.

The growth of L. casei subsp.rhamnosus and L. bulgaricus strains were
carried out by culturing in MRS broth medium under anaerobic condition at pH 6.88,
and incubated at 37°C and 150 rpm. The growth curves of the both strains were
examined by measuring ODggo values with spectrophotometer during 0 to 96 h. Figure
4.1 and Figure 4.2 show the growth curves of the both probiotics strains by plotting
between the measured ODggo Values (y) and time (x). It was seen that the length of the
lag phase of L. casei subsp. rhamnosus was begun at the starting time of culture until
the 6" hour. L. casei subsp. rhamnosus could mostly grow in the log phase during 6™ to
24™ hour. The stationary phase of L. casei subsp. rhamnosus was started after 24" hour.
For the growth curve of L. bulgaricus, the length of the lag phase was longer than L.
casei subsp. rhamnosus which was about 12 hour. Moreover, its log phase was begun
from the 12" hour to the 50" hour. After that the growth rate was stable, and entered to
the stationary phase. This work demonstrated that the end time for culturing Se-enriched
L. casei subsp. rhamnosus and L. bulgaricus were 48 and 72 hours, respectively.

The specific growth rates (Umax) Of L. casei subsp. rhamnosus and L.
bulgaricus were 0.165 + 0.003 and 0.069 + 0.002 OD/h, respectively. This result
indicated that the growth rate of L. casei subsp. rhamnosus strain in the MRS broth

medium was better than L. bulgaricus strain.
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4.1.2 Comparison of accumulation and biotransformation of selenium in
probiotics strains

L. casei subsp. rhamnosus and L. bulgaricus were grown in MRS broth
medium supplementing with SeOs* ion from Na,SeOs. The final concentration of Se in
the MRS broth medium was 2.5 mg Se L™ which was adapted from the previous reports
(Xia et al., 2007, Alzate et al, 2007). The cultures of L. casei subsp. rhamnosus and L.
bulgaricus were incubated at 37°C and 150 rpm. The dried weight of L. casei subsp.
rhamnosus and L. bulgaricus were harvested at 48 and 72 h, respectively. Figure 4.3
presents the dried weight from control and Se-supplemented groups of L. casei subsp.
rhamnosus and L. bulgaricus. The results showed that the dried weight of cells pellet
from Se-enriched probiotics groups were lower than the control groups. This finding
indicated that the growth of the probiotics was inhibited with supplementing Se in the
form of SeOs® ion (Gerrard et al., 1974; Silverberg et al., 1976; Turner et al., 1998; Xia
et al., 2007). Furthermore, it was observed that the dried weight of Se-enriched L. casei
subsp. rhamnosus was higher than L. bulgaricus. Therefore, the L. casei subsp.
rhamnosus strain could resist the toxicity of Se05% ion in the MRS broth medium more
than the L. bulgaricus strain.

The total Se concentration was utilized for investigating accumulation of Se
in the proiotic culture. The results showed that total Se in dried weights of L. bulcaricus
was higher than L. casei subsp. rhamnosus (Figure 4.4). Meanwhile, the obtained total
Se content in the remained-medium of L. casei subsp. rhamnosus was higher than
L.bulcaricus (Figure 4.5). Therefore, the L. bulgaricus strain could remove SeOs* ion
from the MRS medium, and accumulate at the cells more than the L. casei subsp.
rhamnosus strain.

Determination of Se species by ion-pairs reversed phased HPLC-ICP-MS
was utilized to study biotransformation of SeOs> ion to be organic Se compounds in the
probitic strains. Chromatographic profile of Se compound standards; SeOs” ion, Sec,
SeM and SeMC is shown in Figure 4.6. After preparation of Se-enriched probiotic cells
with enzymatic extraction, the obtained Se species in the extracts of the Se-enriched
probiotics analyzing by the chromatographic system are presented in Figure 4.7. It was
found that Sec and unknown 1 (U1) were determined as the major Se species in the both

probiotic strains. Meanwhile, SeOs> ion was only found in Se-enriched L. bulgaricus.
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Other important organic Se compounds such as SeM and SeMC were only obtained in
Se-enriched L. casei subsp. rhamnosus. Although the L. bulgaricus strain could absorb
and accumulate SeO5> ion more than the L. casei subsp. rhamnosus strain. However,
the ability of L. casei subsp. rhamnosus strain for transforming SeOs* ion to be organic
Se compounds was better than the L. bulgaricus strain. Thus, the L. casei subsp.
rhamnosus strain was selected to further study because it could grow and resist the
toxicity SeOs> ion than the L. bulgaricus strain. Moreover, it could highly transform

SeOs ion to be Sec with a good yield.
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Figure 4.3 The comparison of dried weight harvesting from control and Se-supple-
mented with 2.5 mg Se L™ groups of L. casei subsp. rhamnosus and L.

bulgaricus cells
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and Se-supplemented groups of L. casei subsp. rhamnosus and L. bulgaricus
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Figure 4.7 Chromatogram of Se species in dried cells of Se-enriched probiotics; L.

casei subsp. rhamnosus (A) and L. bulgaricus (B)
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4.2.3 The effect of Se-supplemented concentration on Se content in
probiotics

The effect of Se-supplemented concentrations on the growth, and Se
accumulation of L. casei subsp. rhamnosus was studied in the range of 0 to 7.0 mg Se
L that shows in Table 4.1. The result found that the dried weight of L. casei subsp.
rhamnosus was rapidly decreased with an increasing Se-supplemented concentration in
the MRS medium (Figure 4.8). Consequently, addition of Se in the form of SeOs% ion
would inhibit the growth of L. casei subsp. rhamnosus when compared with the control
group.

This result related to the obtained images from scanning electron
microscope that exhibited morphology of L. casei subsp. rhamnosus cells treated with
or without SeOs" ion from Na,SeOs (Figure 4.9). Generally, the morphology of L. casei
subsp. rhamnosus cells is rod shape, and occurring in short chains that shows in the
control group (Salminen et al., 2002). In this work, it was found that the abnormal cells
were observed when L. casei subsp. rhamnosus was treated with SeOs> ion above 4 mg
Se L™ Hence, supplementation of high concentration of SeOs* ion in the culture
medium is a toxic condition which affects to the survival and cell division of L. casei
subsp. rhamnosus. Therefore, the yield of dried cells was also decreased.

Additionally, the biomass was appeared red color of elemental selenium
(Se®) when Se-supplemented concentration in MRS broth was greater than or equal to 4
mg Se L™. This is a general pathway for surviving of Lactobacillus at high Se-
supplemented concentration in culture medium (Xia et al., 2007; Yazdi et al., 2013;
Kheradmand et al., 2014). It indicated that L. casei subsp. rhamnosus would rapidly
detoxify excess SeOs> ion concentration in the MRS medium by reducing Se** to be
elemental selenium (Se).

An increasing Se-supplemented concentration in the medium culture
resulted in an increased Se accumulation in L. casei subsp. rhamnosus cells. As
demonstrated in Table 4.2, the total Se content in the dry weight of L. casei subsp.
rhamnosus was rapidly increased from 6.31 + 1.38 to 2502.40 + 34.74 mg kg™ with
increasing the Se-supplemented concentration from 0 to 7.0 mg L™. Otherwise, it can be
seen that the total Se contents in the remained-mediums were lower than the expected

Se-supplemented concentrations in the culture mediums. The finding revealed that the
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SeOs” ion in the culture medium was removed to be accumulated at the L. casei subsp.
rhamnosus cells (Calomme et al., 1998).

To understand the distribution of Selenium in the L. casei subsp. rhamnosus
culture, the accumulation percent of Se in dried weight, remained medium was

calculated with equation 4.1 and 4.2.

Sepm X100
Sey

SDPy,, = (4.1)

Where SDPy, was selenium distribution percentages of biomass, Se,m was

the amount of as Se in biomass, and Se,, was Se concentration in the whole culture.

Serm X100
Sew

SDP., = (4.2)

Where SDP, was selenium distribution percentages of remained-medium,
and Se, was the amount of as Se in remained-medium.

As demonstrated in Table 4.2, the amounts of Se were mostly distributed in
the remained-medium (60-85%) while the accumulation of Se in the L. casei subsp.
rhamnosus cells was only about 12-24%. The percents of Se accumulation in dried
weight of each experiment groups were significantly different (p < 0.05), and it was
mostly obtained in the sample from supplementing with 1.0 mg Se™ group. In the
remained-medium, the accumulation percents were not significantly different in the
samples from supplementing with 2.5 to 7.0 mg Se L™ group (p < 0.05). It was least in
the remained-medium from supplementing with 1.0 mg Se™ group. The finding
indicated that least amount of SeOs* ion in the culture medium was removed to
accumulate at L. casei subsp. rhamnosus cells. For Se-enriched L. casei subsp.
rhamnosus growing in high concentration in medium culture, the Se-accumulated at L.

casei subsp. rhamnosus cells the was not uptake
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Table 4.1 Total Se concentrations in dried weight and remained-medium of L. casei
subsp. rhamnosus from culturing with different Se-supplemented

concentration

Se-supplemented conc. Total Se concentration
(mg L™ Dried cells (mg Se kg?) ~ Remained-medium (mg Se L™)

0 6.31 + 1.38° 0.06 + 0.001°
1.0 154.67 + 2.48" 0.82 +0.033"
2.5 245.70 + 19.44° 2.10 +£0.166°
4.0 512.62 + 22.96° 3.27 +0.209°
5.5 1082.94 + 92.51° 4.14 +0.071°
7.0 2502.40 + 34.74° 4.38 + 0.209°

ab.c.dandeThe mean difference for significance of total Se concentrations in column at p
<0.05(n=3).
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Table 4.2 Distribution of Se L. casei subsp. rhamnosus culture

Se conc. addition Amount of Se in distribution in whole sample 1000 mL (mg) Accumulation percentage of Se (% + SD)
(mg L'l) whole cells RM Cells + RM Dried weight RM
1.0 0.24 +0.018 0.61 +0.028 1.0+0.16 24.25 +1.84 62.11+2.74
2.5 0.31+0.015 2.04 £0.017 25+0.19 1251+ 0.61 85.72 £ 8.76
4.0 0.63+0.011 3.54+0.29 41+0.19 15.71+0.28 83.31+2.23
5.5 0.98 + 0.097 4.65 + 0.37 53+0.14 17.28 +1.77 83.42 + 6.66
7.0 1.26 £ 0.019 6.06 + 0.36 7.0+ 0.014 18.24 + 0.28 85.23 £5.07
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Figure 4.8 The effect of Se-supplemented concentration on the dried weight of Se-
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Figure 4.9 SEM photographs of L. casei subsp. rhamnosus treated with or without
Se0s” ion from Na,SeOs; (A) =0, (B) = 1.0, (C) = 2.5, (D) = 4.0, (E) =5.5
and (F)=7.0mg Se L™
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4.2.4 Determination of extracellular Se species in the remained-medium of
Se-enriched L. casei subsp. rhamnosus

Remained-medium is the largest part of the culture of Se-enriched
probiotics. However, it is few studied, and usually let to be as a by-product after
harvesting the biomass of Se-enriched probiotics. Previously, the accumulation and
biotransformation of Se is mainly investigated in the intracellular part of Se-enriched
probiotics (Andreoni et al., 2000; Alzate et al., 2007; Galano et al., 2013). Meanwhile,
determination of Se species in the extracellular environment has not been mentioned.
Therefore, the understanding about accumulation and biotransformation of Se have not
been covered all part of Se-enriched probiotic culture.

The analysis of extracellular Se species in the remained-medium of Se-
enriched L. casei subsp. rhamnosus was carried out by ion-pairs reversed phased
HPLC-ICP-MS. The remained-medium was few prepared by diluting with mobile phase
solution and filtered with nylon membrane (0.45 pum). The chromatogram of Se species
standards are shown in Figure 4.10. After determining Se species in the remained-
medium, SeOs> ion and Sec were only found as the major Se species (Figure 4.11). The
obtained SeOs* ion was the access amount in the remained-medium that was not
absorbed and transformed to be organic Se by L. casei subsp. rhamnosus. Moreover, the
detected Sec could be defined as free amino acid form of Sec in extracellular
environment of the L. casei subsp. rhamnosus culture because the remained-medium
was not pretreated with hydrolysis procedure.

To verify the presence peak of SeOs® ion and Sec, the standard solution of
the both Se species were spiked into the remained-medium prior to injecting into the
chromatographic system. Figure 4.12 shows chromatographic profile of recovery test of
both Se species. The results presented that intensity of SeOs* peak was increased with
spiking only SeOs* standard while the peak of Sec was constant (Figure 4.12 (B)). In
the other hand, the peak of Sec was only increased when it was only spiked (Figure 4.12
(C)). The peaks of SeOs* and Sec were already increased with spiking the both Se
species standards together (Figure 4.12 (D)). Additionally, the percentage recovery of
SeOs* and Sec were 98 and 95 %, respectively. Accordingly, the presence Se species

peaks of the remained-medium determining by the HPLC-ICP-MS could be
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corroborated that they were non-transformed SeOs* and free amino acid form of Sec in
remained-medium from Se-enriched L. casei subsp. rhamnosus culture.

The concentrations of SeOs* ion and Sec in the remained-medium are
shown in Figure 4.13. It was found that an increasing of Se-supplemented concentration
in MRS broth medium affected on increment of the obtained concentrations of SeOs*
ion and Sec in the remained-medium. However, the tendency of Sec concentration was
decreased when the Se-supplemented concentration in MRS broth was above 4 mg Se
LY. This observation could be discussed that supplementation of Se in MRS medium
above 4 mg Se L™ was toxic condition to the growth of L. casei subsp. rhamnosuswhich
was related to the previous results. Hence, it also affected on biosynthesis of Sec in L.
casei subsp. rhamnosus. Moreover, Se03% ion and Sec were also found in the remained-
medium of Se-enriched L. bulgaricus (Figure 4.14) which confirmed the results of Se-
enriched L. casei subsp. rhamnosus.

In discussion of the finding, SeOs* ion was transported into Lactobacillus
cells, and synthesized to be Sec as a primary selenoamino acid through the biosynthetic
pathway (Lamberti et al., 2011; Galano et al., 2013). Normally, Sec is incorporated in
to peptide chain as selenoproteins in response to UGA codons and Sec insertion
sequence (SECIS) (zZhang and Gladyshev, 2005; Zhang et al., 2009; Galano et al.,
2013). From the observation, it indicated that partial of Sec was not incorporated into
selenoproteins and accumulated in each part of Lactobacillus cells, while it was also
exported to the extracellular environment in the form of free amino acid. However, this
was only the primary finding of extracellular Se speciation in Lactobacillus. The other
Se species in extracellular environment especially selenoprotein should be further
studied for extending the understanding about biotransformation and distribution of Se

in Lactobacillus.
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Figure 4.10 Chromatogram of mixed standard of selenium species; selenite ion
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Figure 4.11 Chromatograms of selenium species in remained-medium from the cultures
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4.2.5 The effect of initiation time for adding SeOz* ion on Se content
probiotics

The initiation time for adding SeOs> ion was studied for comparing the Se
accumulation and biotransformation when the SeOs ion was treated into different time
of the growth curve of L. casei subsp. rhamnosus. Figure 4.15 presents the criteria for
selecting the time in the growth curve for adding SeOs* ion into L. casei subsp.
rhamnosus culture to be 2.5 mg Se L™ at the final concentration. The selected initiation
times were 0, 3, 6, 12, 18 and 24 h that covered the starting point of culture, lag phase,
starting point of log phase, log phase and end point of log phase, respectively.

The effect of the initiation time for adding SeOs ion on dried weight of L.
casei subsp. rhamnosus is showed in Table 4.3. The result exhibited that the dried
weights of L. casei subsp. rhamnosus from all Se-enriched groups were lower than the
control group. The highest and lowest dried weights of L. casei subsp. rhamnosus were
obtained in adding SeOs* ion in the end point of log phase and lag phase, respectively.
Moreover, it was observed that the dried weights of adding SeOs> ion at the lag phase
and starting point of log phase were not significantly different (p < 0.05).

Table 4.4 presents the total Se concentrations in dried cells and remained-
medium of each Se addition times. As can be seen that the total Se concentrations in
dried weight was mostly obtained with adding SeOs* ion at the starting point of culture
and the end point of log phase. The lowest total Se concentrations in dried weight were
obtained with adding SeOs* ion at the log phase groups (12 and 18h). In the other
hands, the total Se concentrations in dried weight were not significantly different with
addition of SeOs% ion at the lag phase and the starting point of log phase.

Moreover, the result showed that adding SeOs* ion at lag phase, starting
point of log phase, log phase and end point of log phase did not significantly affect the
total Se concentrations in remained-mediums (p < 0.05). Meanwhile, the L. casei subsp.
rhamnosus adding SeOs% ion at the starting point of culture and the end point of log
phase gave lower total Se concentration of Se in the remained-medium. It could be
discussed that Se was mostly accumulated at L. casei subsp. rhamnosus cells when it
was added at the starting point of culture and the end point of log phase.

Table 4.5 expresses the distribution of Se in L. casei subsp. rhamnosus

culturing with different inanition times of adding SeOs> ion. It can be observed total Se
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concentrations in the whole cultures were closed to the expected Se-supplemented
concentration (2.5 mg Se L™) except at the end point of log phase. Moreover, the result
confirmed that Se was usually accumulated in the remained-medium more than in dried
cells.

The Se distribution percentage in dried cells and remained-medium of L.
casei subsp. rhamnosus culturing at the lag phase, starting point of log phase, and log
phase were not significantly different (p< 0.05). The total Se was enormously
accumulated in the L. casei subsp. rhamnosus growing by adding SeOs> ion at the
starting point of culture and the end point of log phase. Furthermore, the results were
observed that the occurring of the red color of elemental Se (Se°) at the cell pellets of L.
casei subsp. rhamnosus were observed in the addition times of SeOs? ion at the starting
point of culture, log phase and the end point of log phase. It indicated that adding SeOs*
ion at the both time of the growth curve was toxic conditions for L. casei subsp.
rhamnosus. However, these results were not observed in the addition time of SeOs” ion
at the lag phase and the starting point of log phase of L. casei subsp. rhamnosus growth
curve.

The results of Se speciation in the dried cells are presented in Figure 4.16. It
can be seen that Sec obtained as the major Se species in all experimental groups. For the
other minor Se species such as the unknown Se species (U1) and SeMC were found in
some experimental groups. Moreover, SeM was highly found in the dried cells of L.
casei subsp. rhamnosus growing by adding SeOs* ion at the lag phase of L. casei subsp.
rhamnosus growth curve. Figure 4.17 expresses the chromatograms of Se speciation in
the remained-mediums. It was found that SeOs> ion and Sec was obtained as the major
Se species in the remained-mediums.

These observations indicated that addition of SeOs” ion at the lag phase of
L. casei subsp. rhamnosus was mostly suitable because the L. casei subsp. rhamnosus
strain was started to assimilate for the new environment of the MRS broth medium
(Cooper, 1991). Furthermore, synthesis of RNA, enzymes and other molecules are
occurred during the lag phase of bacteria (Khan, 2001; Rolfe et al., 2012). Hence, the
biosynthesis pathway of Sec was mostly operated when SeOs* was added during the lag

phase of L. casei subsp. rhamnosus.
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Figure 4.15 The selection criteria of initiation time for adding Se(IV) ion into L. casei

subsp. rhamnosus culture

Table 4.3 Dried weights of L. casei subsp. rhamnosus cultured with different initiation

times of adding SeOs? ion

Initiation time for adding Se (h)

Dried weight (g L™)

Control 2.55 + 0.20°
0 1.42 +0.10°
3 0.95 + 0.04%
6 0.97 +0.12°
12 1.61 +0.01°
18 1.99 + 0.04°
24 2.10 £ 0.12°

ab.¢.d The mean difference for significance of dried weight of L. casei subsp.

rhamnosus in column at p < 0.05 (n = 3)
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Table 4.4 Comparison of the total Se concentrations in dried cells and remained-
medium of L. casei subsp. rhamnosus cultured with different initiation times

of adding SeOs* ion

Initiation time for Total Se concentration
adding Se (h) Dried cells (mg Se kg?)  Remained-medium (mg Se L)
Control 8.06 + 0.10° 0.18 + 0.002°
0 414.99 + 20.72° 1.85 +0.02°
3 244.94 + 33.92° 2.25+0.10°
6 238.38 + 5.40° 2.32 +0.03"
12 167.94 + 12.38° 2.22 +0.15
18 153.76 + 11.35° 2.10 + 0.08"
24 386.49 + 36.31° 1.08 +0.02°

ab.¢d The mean difference for significance of total Se concentrations in column at p <
0.05 (n=3)
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Table 4.5 Distribution of Se in L. casei subsp. rhamnosus cultured with different initiation times of adding SeOs* ion

Initiation time for Amount of Se in each part of the culture 1000 mL (mg) Se distribution percentage (% + SD)
adding Se (h) Dried cells RM Whole culture Dried cells RM
0 0.49 £0.041 1.85+0.02 2.34 £ 0.038 21.11 + 1.47° 78.89 +1.42°
3 0.28 £0.014 2.25+0.10 2.50 £ 0.136 10.84 + 0.041° 89.92 +1.30°
6 0.21+0.035 2.32+0.03 2.59 + 0.096 7.63 £0.67° 89.63 + 4.55°
12 0.29 £0.035 2.22 £0.15 251+0.19 11.47 +0.97° 88.53 + 0.91°
18 0.31 £0.029 2.10+£0.08 2.46 £ 0.029 12.72 + 0.83° 87.28 + 0.80°
24 0.83+0.12 1.08 £ 0.02 1.89 + 0.089 43.27 + 4.24° 53.73 + 6.33"

2b.¢ The mean difference for significance of Se distribution percentage in column at p < 0.05 (n = 3).
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Figure 4.16 Chromatograms of Se compounds contents in the dried cells of L. caseli

M

subsp. rhamnosus cultured with different initiation times of adding SeOs*
ion; (A)=0h,(B)=3h,(C)=6h,(D)=12h,(E)=18 hand (F) =24 h
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4.2 Development of home-made ED apparatus

Development of home-made ED apparatus was completely designed and
constructed that is displayed in Figure 4.18. It consisted of 2 main parts; ED stack and
power supply system. The ED stack was a unit for containing solution and dialyzing
selenium species through a permeable membrane. The electric current was applied from
the power supplier through to the ED graphite electrodes which were installed in the ED

stack.

Figure 4.18 The home-made ED apparatus

4.3 Application of home-made ED apparatus for removing SeOs? ion in the

remained-medium in Se-enriched probiotics

4.3.1 Determination of Se compounds by HG-AAS
Hydride generation - atomic absorption spectrometry (HG-AAS) was
utilized for determining Se concentration in electrodialyzed solutions of the remained-
medium. The 4 kinds of selenium compounds; SeOs* ion, SeC, SeM and SeMC were
individually prepared at 20 pug Se L™ and analyzed by HG-AAS. The result showed that
the HG-AAS could specifically detect only SeOs* ion. Meanwhile, the analytical signal

n
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of the other selenium compounds were not obtained (Table 4.6). It indicated that the
hydride generation is very specific to react with Se** of SeOs* ion (Foster and Sumar,
1996). Hence, the HG-AAS was available to apply for determination of SeOs> ion in

the remained-medium.

Table 4.6 Comparison of concentration of Se compounds determining by HG-AAS

Se compounds Se concentration (ug L™) (n=5)
Se0s” 21.51+0.169
SeC n.d.
SeM n.d.
SeMC n.d.
Expected concentration 20

4.3.2 The effect of applied voltage on SeOs* ion migration

The effect of applied voltage on SeO5> ion migration was studied by using
the remained-medium which was supplemented with 2.5 mg Se L™ as the sample. The
concentration of SeOs* ion in this remained-medium was 160 + 0.008 pg Se L™. The
results showed that SeOs* ion was only migrated from the sample unit to the anode
unit. The concentrations of Se in the anode unite were increased with increasing the
applied voltage from 20 to 100 volt. Moreover, the concentration of Se was decreased
when the applied voltage was over 100 volt (Figure 4.19). Table 4.7 presented the
migration percent of SeOs” ion to the anode unit by calculating with equation 4.3.

Sean X N X 100
Percent migration of SeOs* ion = anS 14.3
erm

Where Se,, was selenium concentration in the anode unit, Ny, was number
of frame cell bodies for using as anode unit and Se,, was the Se concentration in diluted
remained-medium.

The result was expressed that the percent migration of SeOs* ion was
mostly observed with applying voltage at 100 volt to the ED stack. Thus, it was selected

as the optimum applied voltage for the next experiment.
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Figure 4.19 The effect of applied voltage on SeOs* ion migration to the anode unit of
ED stack

Table 4.7 Percent migration of Se05% ion in the anode unit of the ED stack with

applying different voltages

Applied voltage (volt) Migration percent of SeOs% ion (%)

20 3.84+0.16°
50 7.22 +0.52°
80 8.05 + 0.51"
100 10.95 + 1.29°
125 7.50 £ 0.71°

abandc Tha mean difference for significance of migration percent of SeOs> ion in

columnatp <0.05(n=3)

4.3.3 The effect of electrodialysis time on SeOs* ion migration
The effect of electrodialysis time on SeOs* ion migration to the anode unit
of ED stack is shown in Figure 4.20. The result exhibited that Seogz' ion concentrations
in the anode unit were increased with increasing electrodialysis time. Table 4.8 presents
migration percent of SeOs* ion in the anode unit of ED stack. The result exhibited that
the ED apparatus could remove 50% SeO3” ion in the remained-medium to the anode
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unit within 15 min. Furthermore, it was observed that the temperature of solution in the
ED stack was also increased when increased the electrodialysis time. This observation
was affected from the Joule heating effect when the ions in solution are moved in
electric field (Evenhuis and Haddad, 2009). Thus, some organic Se compound could be
degraded when the temperature of solution was increased (Zhang et al. 2000). However,

this result is a data for further developing the ED apparatus.
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4.50 -
4.00
3.50 A
3.00 -
2.50 A
2.00 -
1.50 -
1.00 -
0.50 -

0-00 L] L] L] L] L]
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Electrodialysis time (min)

Se conc. (ug L)

Figure 4.20 The effect of different electrodialysis time on SeOs” ion migration to the

anode unit of ED stack

Table 4.8 Percent migration of Se0s% ion in the anode unit of the ED stack with

different electrodialysis time

Electrodialysis time (min) Migration percent of SeOs* ion (%)
2.5 3.07+£0.10
5.0 8.39+1.10
7.5 15.46 £ 3.59
10.0 22.91+£0.98
12.5 43.36 +2.04
15.0 51.86 + 3.44
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CHAPTER 5

CONCLUSIONS

The development of Se-enriched probiotics process was begun by comparing
the accumulation and biotransformation of Se in the L. casei subsp. rhamnosus (TISTR
No. 372) and L. bulgaricus (TISTR No. 451) strains. It could be seen that the L.
bulgaricus strain could accumulate SeOs> ion at the biomass greater than the L. casei
subsp. rhamnosusis strain. However, the L. casei subsp. rhamnosus strain could
transform SeOs? ion to be organic Se compounds better than the L.bulgaricus strain. In
this work, the L. rhamnosus strain was selected to further study because it could better
grow and resist the toxicity SeOs* ion than the L.bulgaricus strain. Moreover, it could
highly transform SeOs ion to be Sec and other organic Se compounds with a good
yield.

The conditions of Se-enriched L. casei subsp. rhamnosus cultivation, Se-
supplemented concentration and initiation time for adding SeOs* ion into the culture
were optimized. The production of Se-enriched L. casei subsp. rhamnosus was achieved
by uptake SeOs” ion with 2.5 mg Se L™ into the culture medium at the lag phase of
growth curve. The accumulation of Se L. casei subsp. rhamnosus culture was mostly
obtained in the remained-medium than the dried weight. For Se speciation analysis in
Se-enriched L. casei subsp. rhamnosus culture, Sec was the major Se compound that
could be determined in both the remained-medium and the dried cells. Therefore, SeO5*
ion was transported into Lactobacillus cells, and synthesized to be Sec as a primary
selenoamino acid though the biosynthetic pathway. From the previous reports, Sec is
normally incorporated in to peptide chain as selenoproteins. However, the finding of
this work indicated that the partial of Sec was not incorporated into selenoproteins and
accumulated in each part of Lactobacillus cells, while it was also exported to the
extracellular environment in the form of free amino acid.

The growing of the L. casei subsp. rhamnosus with high SeOs® ion
concentration in the culture medium would rapidly detoxify excess SeOs® ion by
reducing oxidation state of Se** to be elemental selenium (Se°) particle that was adhered

at the cell membrane. Moreover, this phenomenon of Se detoxification was also
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observed when SeOs” ion was added at the starting point of culture, during the range of
log phase and the end point of log phase.

Development of home-made ED apparatus was carried out by designing and
constructing based on separation efficiency of selenium species, invention cost, suitable
material, easy operation and versatile application. The structure of home-made ED
apparatus consisted of 2 main parts; ED stack and power supply system. The ED stack
was a unit for containing solution and dialyzing selenium species through a permeable
membrane. It consisted of frame cell body, dialysis membrane and sealing system and
lock system. Applying of electric current to the ED stack was performed by using a
power supply system that composed with graphite electrodes and power supply
apparatus.

The home-made ED apparatus was achieved for using to remove SeOs* ion
from the remained-medium. The optimum applied voltage for driving the SeOs* ion
from the sample unit to the anode unit was 100 volt. It could remove 50 % SeOs* ion
from the remained-medium within 15 min. Thus, the home-made ED apparatus could be
used to eliminate SeO3% ion from the remained medium.

From all of the results, this work achieved to develop a new design and
construct the home-made apparatus. It could be applied to eliminate SeOs% ion from the
remained-medium of Se-enriched probiotics. However, it should be improved some part
of the design, material and application. Moreover, the result of this work provided the
primary data for further developing the ED apparatus.

For Se-enriched probiotics, this work carried out to produce Se-enriched L.
casei subsp. rhamnosus. It could be used as a guideline for supplementing SeOs> ion
into other lactobacillus species. Nevertheless, Se-enriched L. casei subsp. rhamnosus

should be intensively study about biotransformation of Se and also its applications.
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1. List of chemicals and reagents

Molar Purit
Name Formula mass Density Grade y
(%)
(g/mol)
Ammonia solution NH,OH 35.05 0.893 HPLC 30.0
1-butanesulfonic acid C,HyO3SNa 160.17 - HPLC 98.0
DL-1,4-dithiothreitol C4H100,S; 152.24 - AR 99.0
Hydrochloric acid HCI 36.46 1.180 AR 35.4
Methanol CH;0H 32.04 0.791 HPLC 99.0
Nitric acid HNO; 63.01 1.400 AR 65.0
Selenium standard Se 78.96 - AAS -
Sodium selenite Na,SeO, 172.94 - AR 95.0
Se-methyl seleno-L- C.HoNO,Se 192.08 AR 98.0
cysteine
DL-selenomethionine CsH11NO,Se 196.11 - AR 99.0
L-selenocystine CsH12N,0,Se, 334.09 - AR 98.0
Tetramethylammo-nium
hydroxide pentahydrate C4H1sNO sH,0 181.23 ) AR 9.0
Trifluoroacetic acid CF;CO,H 114.02 1.535 AR 99.0
. . NH,C(CH,0H); - ) BioPerformance

Tris-hydrochloride HCl 157.60 Certified 99.0

2. Selenium standards stock solution preparation
1.1 Preparation selenite standard solution
Stock standard solution (500 mg Se/L) of selenite was prepared by
dissolving 54.76 mg of sodium selenite in 50 mL of deionized water.
1.2 Preparation Se-methylselenocysteine standard solution
Stock standard solution (500 mg Se/L) of Se-methylselenocysteine was
prepared by dissolving 60.82 mg of sodium Se-methylseleno-L-cysteine in 50 mL of
deionized water.
1.3 Preparation selenomethionine standard solution
Stock standard solution (500 mg Se/L) of selenomethionine was prepared by
dissolving 62.09 mg of DL-selenomethionine in 50 mL of deionized water.
1.4 Preparation selenocysteine standard solution
Stock standard solution (500 mg Se/L) of selenocysteine was prepared by
dissolving 62.09 mg of L-selenocystine in 5 mL of 0.05 M of DTT in 0.1 M HCI
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solution. The mixture was incubated at 50 °C for 30 min, made up to volume with
deionized water in 50 mL volumetric flask.
All selenium compounds standard stock solutions were standardized with

selenium standard solution (AAS grade) and determinedby ICP-MS.
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Figure B1 Colony morphology of L. casei subsp. rhamnosusis in MRS agar

Figure B2 Colony morphology of L. bulgaricus in MRS agar
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Figure B4 Gram strain of L. bulgaricus
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