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ABSTRACT

This study aims to strategize the fermentation process for the production of
probiotic with high cell-P-glucosidase (CBG) activity using Lactobacillus
Rhamnosus NRRL B442 as model microbe. The fermentations were carried out in a
2L hioreactor under anaerobic condition, and CBG activity was measured using the
standard substrate of ~ O-nitrophenyl-P-D-glucopyranoside  (O-NPG).  The
fermentation parameters were investigated using factor-by-factor optimization
method. The cell pellet from shake flask culture was used in the determination of
optimum testing condition for the measurements of CBG activity. The condition at
460C and pH 6.5 was found to be optimum for the measurement of CBG activity.
The strategy began with the optimization of the fermentation condition for the
maximum production of hiomass and CBG activity in a batch system. Four
fermentation parameters were investigated, and these include pH, temperature, tyﬁe
of nitrogen source, and type of carbon source. The results suggested that tne
fermentation condition at pH 6 and 40 oC, using yeast extract and glucose as nitrogen
and carbon source, respectively provided maximum biomass yield, high CBG
activity, and low production cost. In addition, the glucose repression effect on CBG
activity was confirmed in the bacteria strain studied. Under this primary optimized
condition in batch system, the growth kinetics study was performed based on Monod
equation. The maximum specific growth rate, |imex saturation constant, Ks; yield of
biomass, YX5 and doublin% time, £ were 04672 h-L 1.128 g glucose/l, 0.313g
dem/g glucose, and 1.483 h, respectively. Based on the profile of specific CBG
activity conducted under batch condition, three direct factors including specific
growth rate, starvation, and yeast extract concentration were investigated using the
proposed operating tool of Chemostat. Another strategy was proposed to increase
the CBG activity. This includes: 1% to maximize the growth rate, 2) to supply high
concentration of yeast extract, and 3) to supply low concentration of glucose. Using
this strategy, an improved specific CBG activity of 11.24 UE/mg dem (6.25 folds
increase in activit?/ compared to control) was obtained at maximum specific growth
rate of 0.264 h-1 low feeding glucose concentration of 20g/l, and high feeding yeast
extract concentration of 60 ¢/l. The enzymatic kinetics of CBG activity was
investigated experimentally and found to match the Michaelis-Menten model. The
kinetics properties of maximum specific rate of reaction, Vm and Michaelis-Menten
constant, Kmwere 7.86 UE/mngcm and 0.049 mM of O-NPG, respectively. As
conclusion, the current studK as successfully strategized the bioprocess for the
production of Lactobacillus rnamnosus NRRL B442 with high CBG activity.
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ABSTRAK

Kajian ini bertujuan untuk merangka stratePi proses fermentasi untuk
penghasilan probiotik anF mempunxau aktiviti sel-P-glucosidase (CBG) yang tin q|
dengan menggunakan Lacfobacillus Rhamnosus NRRL B442 sebagai bakferia model,
Fermentasi dijalankan di dalam bioreaktor 2L di bawah keadaan anderobik, dan aktiviti
CBG diukur menggunakan substrat asas, iaitu O-nitrophenyl-P-D-glucopyranoside (O-
NPG).  Semua “parameter dikaji dengan menggunakan kaedah faktor-ke-faktor.
Gumpalan sel dari kultur kelalang secara berputar gémakan dalam penentuan keadaan
genllalan optimum untuk pengukuran tahap aktiviti CBG, Keadaan pada 46 oC dan pH
5 didapati adalah keadaan optimum dan Ia seterusnya _dlaEhkamkan dalam pengukuran
tahap aktiviti CBG, Strategi Ini_bermula dengan mewugud an keadaan fermentasi yang
optimum untuk tujuan penghasilan biomas dan aktiviti CBG yang maksimum dalam
sistem kelompok.”Empat parameter yang telah dikaji termaSuk pH, suhu, Sumber
mtrogen dan sumber karbon. Keputusan menunjukkan keadaan fermentasi _Pada pH 6
dan 40 oC, dengan menggunakan ekstrak yis dan Elukosa sebagai sumber nitrogen dan
sumber karbon™ masing-masing, telah mengha_sn an hasil biomas yang maksimum,
aktiviti CBG }iang tinggi, dan kos penghasilan yang rendah.  Selain itu, kesan
penindasan glukosa terhadap aktiviti CBG telah dipastikan dalam jenis ba,k,tena_yan_g
digunakan. enlgan, keadaan optimum primer dalam sistem kelomipok, kajian kineti

pertumbuhan sel” dilakukan berdasarkan i)ersamaan Monod.  Kadar pertumbuhan
maksimum  spesifik, |imex = ketepuan malar, Ks hasil biomas, Yxs dan masa
penggandaan, ft, adalah masmg—masmrg 04672 h-1 1128 _g_glukosa g/l 0.313 g dcm/g
Elukosa, dan 1483 h. Berdasarkan profil aktiviti CBG spesifik ){ang dijafankan di bawa

eadaan kelompok, tiga faktor termasuk kadar pertumbuhan sel spesifik, kelaparan, and
kepekatan ekstrak yis dikaji den?an_ men? unakan Chemostat yang dicadangkan. Kajian
ini mencadangkan satu” strafegi uniuk meningkatkan ‘aktiviti CBG iaitu; ~ 1)
memaksimakan kadar pertumbuhan sel, 2) penggunaan kepekatan g[%ukosa yang rendah
(kebuluran), dan 3)penggunaan kepekatan is ekstrak yang tinggi. erbqén penggunaan
strategi tersebut, penmlgkatan aktiviti CBG spesifik” kepada 1124 UE/g dem (6.25
Eandaan lebih tinggi dalam aktiviti berbanding dengan ‘kawalan’) telah diperolehi pada
adar pertumbuhan sel s2peS|f|k maksimum“iaitu” 0.264 h-1 penggunaan kepekatan
glukosa yang rendah iaitu 20 é;/l, dan p_enlqgunaan kepekatan ekstrak yis yang tmq(gu jaitu
0 g/l. Kinetik aktiviti CBG telah diselidik melalui eksEerlmen an menunjukkan ia
selaras dengan model Michaelis-Menten. Kalllan menunjukan kadar spesifik tindakbalas
Yjan maksimum, Vm and kemalaran Michaglis-Menten, Kmadalah masing-masing, 7.86
E/mg dem dan 0.049 mM O-NPG. KaHan ini telah ber{BaXa merangka Strategi
bioproses untuk penghasilan Lactobacillus rhamnosus NRRL B442 yang mempunyai
aktiviti CBG yang tingg.
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CHAPTER 1

INTRODUCTION

11 Research Background and Definition
P-Glucosidase is an enzyme that catalyses the hydrolysis of glycosidic bond
linking P-glucose and glucose-substituted substrates. The target substrate of this

enzyme is also known as P-glucan. Figure L1 illustrates the enzymatic activity of P-
glucosidase upon one of its target molecules of quercetin-P-glucoside.

quercetin-4’-O-f>-D-glucoside quercetin glucose

Figure 1.1 Enzymatic activity of P-glucosidase
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Enzyme P-glucosidase is widely found in the microorganisms such as fungi
(Kaur et al., 2007), yeast (Villena et al., 2006) and lactic acid bacteria (Marazza et
al., 2009). For the microorganisms, this enzyme is an essential tool for hydrolysis of
P-glucans to produce simple sugar of glucose for growth.

The activity of enzyme P-glucosidase to catalyse the hydrolysis of various P-
glucans has brought to the great concern of researchers due to its wide applications in
different industries. In food industry, this enzyme is used to improve the aroma
properties in wine (Gallifuoco et al., 1998) and tea beverage (Su et al., 2009), also
helps to reduce the citrus bitterness of juices (Villena et al., 2006). In another way,
the enzyme P-glucosidase activity posed by the lactic acid bacteria is used to produce
bioactive isoflavone aglycone in soymilk (Tsangalis et al., 2004; Marazza et al.,
2009). Besides, this enzyme also plays important role in hydrolysis of cellulose
waste to release glucose for ethanol production (Bhat and Bhat, 1997).

The wide application of the enzyme has brought to the increasing interest of
many. However, the expensive process cost for enzyme extraction and purification
is not economically susceptible in large scale industrial production especially for
those low end products. As such, another alternative is suggested in which the
probiotic possessing P-glucosidase activity is used as the catalyst instead of using the
expensive purified enzyme. This concept has been successfully proven by Marazza
and co researchers (2009) who used the lactic acid bacteria as starter culture in
soymilk fermentation. The isoflavone glucosides were hydrolysed into bioactive
isoflavone aglycone by the enzyme P-glucosidase released by the bacteria.

In relation to this concept, the present study defined the ability of cells to
break the P-glucosidic bond through the expression of enzyme P-glucosidase as cell-
P-glucosidase (CBG) activity. The mechanism of the CBG activity upon one of its
target molecule of quercetin-4'-P-D-glucoside is illustrated in Figure 1.2



Figure 12 The mechanism of cell P-glucosidase activity.

On the other hand, the CBG activity of probiotic has more applications other
than that of catalyst. Being the probiotic in human intestinal tract, its CBG activity
may function to improve the anti-oxidation quality of the oral consumption of
quercetin glucosides from onion (Murakami et al., 2008), and also helps to facilitate
their intestinal absorption (Murota and Terao, 2003). ~ For these reasons, the CBG
activity becomes one of the important functions of probiotic in human intestinal tract.
The probiotic with high CBG activity may become one of the keys to increase its
market value.

For these novelties, the production of probiotic with high CBG activity is
remarkably important in many aspects. Based on the previous reports, enzyme
synthesis of P-glucosidase is significantly affected by the fermentation condition.
Generally, the studies achieved an agreement that the enzyme synthesis of P-
glucosidase is growth-dependent. Besides, the presence of certain nitrogen and
carbon sources may probably lead to the induction or suppression effect on the
enzyme synthesis of P-glucosidase (Mahajan et al., 2010; Joo et al., 2010; Villena et
al., 2007).
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The objective of the present study is to strategize the fermentation system for
the production of high CBG activity probiotic. Based on the literature, the high
potential probiotic of Lactobacillus rhamnosus is used as the study model. In this
study, several fermentation parameters were investigated and optimized. This study
proposed a bioprocess strategy to overcome the limitations and to control the key
factors identified for the improvement of CBG activity. By the end of this study, a
hypothesis is made where the CBG activity of the probiotic is improved to a
significant extent by the bioprocess strategy proposed.

12 Objective

To strategize the fermentation process for the production of probiotic with
high cell-P-glucosidase activity using Lactobacillus rhamnosus NRRL B442 as
model microbe.

1.3 Scopes

.. To determine the optimal testing condition (pH and temperature) for
the CBG activity of Lactobacillus rhamnosus NRRL B442.

il To investigate the effects of fermentation pH, temperature, nitrogen
source, and carbon source on the cell growth and CBG activity of
Lactobacillus rhamnosus NRRL B442 in batch system,

iii.  To determine the growth kinetics properties of Lactobacillus
rhamnosus NRRL B442 in batch system based on Monod equation.
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To strategize fermentation process for the production of high CBG
activity of Lactobacillus rhamnosus NRRL B442 using chemostat
strategy.

To determine the enzyme kinetics of CBG activity of Lactobacillus
rhamnosus NRRL B442 produced under the strategized chemostat
condition.

14 Novelties of Study

In this study, Lactobacillus rhamnosus NRRL B442 is used as the
model microbe. Up to now, the related study on this bacteria strain is
relatively rare.  This study is reporting the fermentation data that
describes the response of this bacteria strain to the environment
change.  These include: the determination of optimal growing
environment, growth Kinetics and limitations of the fermentation
Process.

This study proposed a fermentation strategy to improve the CBG
activity of the bacteria strain up to a significant extent. This strategy
also provided a basic guideline in selecting the operating system and
the fermentation condition.

15  Thesis Outline

Generally, present study reported the development of bioprocess strategy to
improve the CBG activity of Lactobacillus rhamnosus NRRL B442.  This
dissertation consists of seven chapters. ~ Chapter 1 introduces the research
background and objectives of study.  Chapter 2 reviews the related fundamental
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knowledge and reported case studies. The literature review includes the novelty and
application of CBG activity of probiotic, fermentation technology for growing of
lactic acid bacteria and also the potential key factors for development of the
bioprocess strategy to improve the CBG activity. ~ Chapter 3 describes the research
methodology with the detail of working protocols and experimental designs.
Chapter 4 investigates the effect of reaction pH and temperature on the CBG activity.
The optimal values identified are applied in the measurements of CBG activity in the
following experimental phase. Chapter 5 investigates the effect of fermentation
parameters (pH, temperature, nitrogen source, and carbon source) on the cell growth
and CBG activity. This investigation identified the potential key factors, and thus
suggested the switch of the operational tool to enable better control of the key factors
to improve the CBG activity. Prior to the process strategy, the growth kinetic
properties in batch system based on the Monod equation are first determined.
Chapter 6 validates the process strategy as suggested in Chapter 5 to improve the
CBG activity using a different operational tool of chemostat. Besides, the ability of
cell to retain its high CBG activity after the storage at low temperature was discussed.
This chapter also describes the kinetic properties of the CBG activity using
Michaelis-Menten kinetic model. Finally, Chapter 7 summarizes the overall findings
and also suggestions for the future work.
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