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Comparative Lactic Acid Production by using Enterococcus faecalis and Enterococcus
faecium in Hydrolysed Sago Starch

Patricia Anne anak Angkau
Resource Biotechnology Programme
Faculty of Resource Science and Technology
Universiti Malaysia Sarawak

AB TRACT

Enterococcus faecalis and Enterococcus faeciuln strains were used to perform lactic acid
fermentation in hydrolyzed sago starch (HSS) . The objective was to compare and to
determine which strain produce higher concentration of lactic acid (LA). The fermentation
conditions for both bacteria were the same and fixed at 37°C, pH of 6.S and agitated at 200
rpm. It was found that these conditions were the optimum for both strains to grow and to
produce LA. It was demonstrated that E. fa ecalis produce higher LA concentration when
compared with E. faecillm in the same operating conditions. Therefore, E. faecalis has more
attractiveness for a possible scaling up for industrial application.
Key words: Enterococcus faecalis , Enterococcus faecillm , lactic acid fermentation,
hydro lysed sago starch.

ABSTRAK

Strain Enterococcus faecalis dan Enterococcus faecillm telah digunakan IIntuk menjalankan
penapaian asid laktik (LA) dengan menggunakan kanji sagu terhidrolisis (HSS). Dalam
kaj ian ini, perbandingan antara kedl/a-dlla spesies telah dilakukan untuk menentllkan strain
yang mampll mengeluarkan LA dengan lebih banyak. Penapaian LA dilakukan dalam
keadalln suhu 3 7°e dan pH 6.5. Keadaan suhll dan pH ini merupakan keadaan optima untuk
strain in; berkembang. Ini telah dibllktikall oleh E. faecalis yang telah menghasilkan asid
laktik yang lebih tinggi berbanding E. faecium di dalam keadaan penapaian yang sama. Oleh
illl, E. faecalis mempunyai daya tarikan untuk kegunaan perindustrian.
Kata kunci: Enterococclls faecalis, Enterococcus faecium, penapaian asid laktik, kanji sagu
terhidrolisis.
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1.0 Introduction

Lactic acid (LA) has received a significant amount of attention as a chemical with
many potential applications. There are four major categories for the current uses and
applications of lactic acid: food, cosmetic, pharmaceutical and chemical applications (Wee et

al., 2006). According to Miller et al. (2011), world LA production has expanded lO-fold in
the last decade due, in large part, to increased demand for green products derived from lactic
acid, including ethyl lactate and polylactic acid (PLA).
LA was considered the most potential feedstock monomer for chemical conversions,
because it contains two reactive functional groups, a carboxylic group and a hydroxyl group
(Wee et al., 2006). Recently, it received attention as a monomer for the production of
polylactic acid (PLA), which use in a production of biodegradable commodity plastic. Hagen
(2012) stated that PLA is biodegradable as well as recyclable polyester made from renewable
feedstock. Utilizing cheap raw materials such as agro-industrial by-products can reduce the
cost of production of lactic acid.
The production of LA can be done either by microbial fermentation or by chemical
synthesis. Nowadays, LA can be obtained by microbial fermentation of renewable resources
by using appropriate microorganism that can produce only one of the LA isomers. Production
of LA by biotechnology approach has received a significant amount of interest recently, since
it offers an alternative to environmental pollution caused by the petrochemical industry and
the limited supply of petrochemical resources (Wee et al., 2006).
The ability of Enterococcus faecalis and Enterococcus faecium to produce LA is still
unknown. From the previous study conducted, both strains able to utilize raw materials to
produce lactic acid. The amount of LA produced by Enterococclls faecalis and Enterococcus
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faecium depends of few factors such as metabolism. The bacteria species that has greater
metabolism will be able to produce larger amount of lactic acid.
According to John et al. (2009), simultaneous saccharification and fermentation can
replace the classical double step fermentation by the saccharification of starchy or cellulosic
biomass and conversion to LA concurrently by adding inoculum along with the substrate
degrading enzymes. By doing so, the production cost can be reduced; by avoiding high
energy consuming biomass saccharification and provides higher productivity than the single
step conversion by the providing adequate sugar release (John et al., 2009). HSS need whole
liquefaction or saccharification process

therefore energy and

more

enzymes

for

saccharification is required (Nolasco-Hipolito et (II., 2012). Besides that, by using HSS it can
promote better cell growth compared to other state of sago starch.
Yeast was used along with the bacteria species. It offers advantages over bacterial
strain including the ability to grow rapidly on the media (Miller et al., 2011) and offers low
tolerance to low pH conditions which leads to reduction of cost related to fermentation
neutralization and downstream acidification (Miller et al., 2011). Miller also stated that
metabolic engineering of yeast has been utilized successfully by several groups to block
ethanol formation and replace the metabolic outlet with a LA production pathway.
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2.0 Literature Review
2.1 Lactic Acid
LA (CH 3CHOHCOOH) also known as 2-hydroxypropionic acid has molecular weight
of 90.06 kDa. LA as raw material is produced by fermentation of glucose or sucrose and is
refmed to a high purity (Hagen, 2012). LA is common in nature; it is present in plants and
microorganisms. LA has two enantiomers, L-(+) and D-(-)- (Poonam, 2009) . According to
John et ai (2009), biotechnological production of LA has gained prime position in the
industries, as it is cost effective and eco-friendly. Nowadays, LA is widely used in various
industries such as pharmaceutical, leather and textile industries and feedstock for chemicals
(John et ai, 2009). Besides that, it also used as monomers for manufacturing biodegradable
plastics. Biodegradable plastics could play an increasing role in the industry by replacing or
minimizing the use of non-degradable plastics to solve environmental pollution problems
(Poonam, 2009). These biodegradable plastics synthesized from LA could be considered as a
sub titute for plastics manufactured from the petroleum products (Poonam, 2009) .
Meanwhile as stated by Litchfield (2009) , commercial application of LA and its salts
or esters include foods, cosmetics and personal care products, cleaning agents in electronics
and semiconductor manufacturing and in biodegradable polymers for medical devices or for
packaging materials. Biotechnological production is advantageous over chemical synthesis in
that we can utilize cheap raw materials such as agro-industrial by-products and can
selectively produce the stereo isomers in an economic way (Shibata et ai., 2007) . LA using
solid state fermentation can be carried out using fungal as well as bacterial cultures (Poonam,
2009).

5

2.2 Lactic Acid production by Enterococcus faecalis and Enterococcus faecium
During the production of lactic acid, LAB requires sources of amino acid and vitamin
B to meet requirements for growth as stated by Litchfield (2009). To ensure the production
process succeeds, parameter such as pH, temperature, agitation speed must be controlled
carefully by using computer. The product, which is LA can be recovered from fermentation
broth after removal of the cell by precipitation as calcium lactate, and extraction and
purification by ion exchange, distillation, and continuous counter current extraction
(Litchfield, 2009). Product of LA either in the form ofD(-)- or L(+)-LA or a racemic mixture
of two isomers (Holzapfel and Wood, 1995).

2.3 Classification and characteristics of Enterococcus faecalis and Enterococcus faecium
The general characteristics of genus Enterococcus can be described as gram-positive,
ovoid cells and occur singly, in pairs or in short chains, as stated by Schleifer and Kilper-Balz
(1984 and 1987). Schleifer and Kilper-Balz (1984 and 1987) also characterized this genus as
facultatively anaerobic and chemo-organotrophs, in which its metabolism is fermentative.
Enterococci have a homo fermentative LA fermentation. The predominant end product of
glucose fermentation is L(+)-LA (Schleifer and Kilper-Balz, 1984 and 1987).
The LAB are defined by the formation of LA as a sole or main end product from
carbohydrate metabolism (Holzapfel and Wood, 1995). Lactic acid bacteria can be classified
as Gram-positive cocci, endospore-forming Gram-positive rods and cocci and regular,
nonsporing Gram-positive rods. E. faecalis and E. faecium are both classified as Lactic Acid
Bacteria (LAB). LAB are important and beneficial microorganisms for the dairy and other
food industries (Fox, 2011). As stated by (Litchfield, 2009), LAB produce either L( +), D( -)
or racemic DL lactic acid.
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Besides that, LAB consists of a phylogenetically related group of bacteria that share a
common reliance on fermentation with LA as a major product (O ' Sullivan, 2011) . The well
known species E. faecalis and E. faecium on which was described by Schleifer and Kilper
Balz (1984) have few common characteristics which distinguish them from other catalse
negative, Gram-positive, facultatively anaerobic cocci: their ability to grow both at 10°C and
4SoC, in 6.S% NaCI broth and at pH 9.6.

E. faecalis can be described as Gram-positive bacteria that likely to colonize within
human genital and gastrointestinal tracts. E. fa ecalis also can grow in various temperature
and pH. For pH, the acid and alkali resistance of E. faecalis was derived from the membrane
durability and impermeability against acid and alkali (Nakajo et ai, 200S). Besides producing
lactic acid Enterococus faecalis also produces other by-product such as ethanol and cytolysin
toxin. According to Camiol and Gilmore (2006), the cytolysin toxin produced by Gram
positive bacterium E. faecalis is unique among bacterial toxins in its ability to lyse both
bacterial cells and eukaryotic cells. E. faecalis strains are well equipped to survive and grow
in aerobic as well as anaerobic conditions (Devriese and Pot, 1995).

E. filecium No .78 is a lactic acid bacterium that can grow on optimum pH of 6.5 and
temperature of 30°C. It was previously known as Streptococcus faecium. Direct L-Iactic acid
fermentation was carried out with various starches, LA productivity with sago starch being
similar to that with glucose (Shibata et al., 2007). E. faecium No. 78 is able to produce high
purity of lactic acid, which is 98.6% as stated by Shibata et al (2007) . E. faecium requires
folic acid for growth and is unable to derive energy from pyruvate, citrate, malate, gluconate
and serine as stated by Zitzelsberger et al. (1984). Zitzelsberger (1984) also reported the
species possesses a superoxide dismutase, NADH oxidase, but no NADH peroxidase or
yruvate oxidase.
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The genus Enterococcus growth occurs over a wide range of temperatures for most species
(Devriese and Pot, 1995). Devriese and Pot (1995) also stated that the ability to grow at lOoe
as well as at 45°C has been used in the differentiation of the genus, but several of the new
species fail to grow at these temperatures. The incubation temperature at 35-37°C was
preferred.
2.4 Sago starch as carbon source
According to Nolasco-Hipolito et al. (+012), one of the most important factors that
affect the overall production cost in Lactic Acid Fermentation (LAF) is the raw material.
Sago starch represents an alternative cheap carbon source for fermentation processes that is
attractive out of both economic and geographical considerations (Abd-Aziz, 2002). Besides
that, Abd-Aziz also stated that the production of fermentable sugars from the hydrolysis of
starches is normally carried out by an enzymatic processes that involves two reaction steps,
liquefaction and saccharification, each of which has different temperature and pH optima
with respect to the maximum reaction rate.
Karim et al.. (2008) stated sago starch is being considered as an attractive raw

material for food and industrial exploitation due to the fact that it is produced abundantly in
the agricultural plant Metroxyion sp. Sago starch is normally found in stem of sago plant.
Sago starch was made through several of steps, such as washing starch slurry, purification
and drying until sago starch is produced.
There are few properties of sago starch. Sago starch granules size ranged from 10 and
50llm in diameter and average granule diameter of 321lm as stated by Wang et al.. (1995). It
has larger starch granules compared to rice (3 to 10 Ilm), com (5 to 20 Ilm), or cassava (5 to
25 Ilm), but smaller than those of potato (15 to 85 Ilm) (Karim et ai., 2008). Shibata et al. .
"007) also stated that is possible to produce LA from sago starch and it was higher showed
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that E. faecium can use directly sago starch without liquefaction saccharification processes
but at low concentration (20 giL) . The quality of sago starch used depends on various factors.
Karim et al., (2008) stated the quality problems associated with sago starch are inconsistent
viscosity, variable moisture content, distinct odour, low paste viscosity, high level of fibre
and dull colour.

2.5 Batch and Repeated Batch Fermentation
The productions of organic acid were influenced by the fermentation processes. For
the production of lactic acid, batch and repeated batch fermentation (RBF) can be used. Raw
materials including glucose, sucrose, lactose, starch or waste materials containing them
(Litchfield, 2009). Continuous culture produces more LA compare to batch culture (Shibata
et al., 2007) in term of volumetric productivity (g/LIh) , but in term of LA concentration is

very unfavourable because it is very low (16 giL) .
Microorganisms that can produce LA can be divided into two groups: bacteria and
fungi (Litchfield, 1996). LAB can be classified into two groups : homo fermentative and
heterofermentative. While the homofermentative LAB convert glucose almost exclusively
into LA, the heterofermentative LAB catabolise glucose into ethanol and CO 2 as well as LA
(Wee et al., 2006).
E. f aecalis can be characterized as Gram-positive, facultatively anaerobic,
microaerophilic cocci that primarily produced LA by utilizing the hexose sugars from
fermentation activity (Makarova et al., 2006). It can be found in intestinal tract and female
genital tract. E. faecalis is active at high temperature and the acid produced by the strain is
high. However when the concentration of the bacteria is high, the acid production will be
low.
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For the lactic acid fennentations (LAF) with glucose/fructose, glucose/maltose, and
fructose/maltose mixtures as carbon sources, E. faecalis RKY 1 grown on a mixture of
glucose/fructose simultaneously consumed these sugars, and the cell growth and average
volumetric productivity were higher than when grown on the individual sugars as stated by
Yun and Ryu (2001).
There are two optical isomers of lactic acid: L(+)-LA and D(-)-LA. LA is classified
as GRAS (generally recognized as safe) for use as a food additive by the US FDA (Food and
Drug Administration), but D(-)-LA is at times hannful to human metabolism and can result
in acidosis and decalcification (Datta et al., 1995). An optically pure L(+)- or D(-)-LA can be
obtained by microbial fennentation of renewable resources when the appropriate
microorganism that can produce only one of the isomers is selected (Hofvendahl and Hahn
Hagerdal, 2000).
Biotechnological processes for the production of LA usually include LAF and product
recovery and/or purification (Wee et al., 2006). In order for the biotechnological production
of LA to be feasible, cheap raw materials are necessary, because polymer producers and other
industrial users usually require large quantities of LA at a relatively low cost (Wee et al.,
2006). Raw materials used for the production of LA must has cheap characteristics, high
yield, rapid production rate, low contaminant levels and has the ability to be fennented with
little or no by-product fonnation (VickRoy, 1985). By using raw materials for fennentation
of lactic acid, the production cost should be reduced.
Sago starch must be hydrolysed first to fennentable sugars before fennentation
process started. Sago starch molecule is large and has lack of surface for the enzyme to
attach.

Fennentation media must be supplied with adequate nutrients for rapid LA

etion. The most common nutrient for LA production is yeast extract, but this may
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contribute significantly to an increase in production costs as stated by VickRoy (1985) and
Hofvendahl and Hahn-Hagerdal (2000).
Batch, fed-batch, repeated batch, and continuous fermentations are the most
frequently used methods for LA production (Wee et aI., 2006). LA concentrations can be
increased by conducting batch and fed-batch fermentations. Continuous fermentation results
in higher productivity based on study conducted by Hofvendahl and Hahn-Hagerdal in
(2000). Another advantage of the continuous culture compared to the batch culture, is the
possibility to continue the process for a longer period of time (Wee et al., 2006).

3.0 Materials and Methods
3.1 Materials
3.1.1 Microorganisms

In this study, E. faecalis and E. faecium are used. The strain was provided by Biochemistry
lab of Faculty of Resource Science and Technology UNIMAS, which was isolated from
rotten pineapple. The strains were stored in a super freezer at ultra-low temperature (-84 cc).
3.1.2 Preparation of culture media and stock culture

+

E.faecalis

On the day of the
fermentation the cells were

---. Incubation: 24 h, 37°C.--+

activated (incubated 6h) .
The cells were harvested by
centrifugation 10 min.

Kept in a fridge as stock
culture.

Culture media
20gl1 glucose
SgII YE

Fermentation

: HSS+YE

Mix cell pellet
+--- with autoclaved
distilled water.

Centrifuge
culture
+-- media (8000 rpm, 10
min.

Mix pellet with
culture media,
-+-- incubated at 37°C for
24 hours.

Figure 3.1 Stock culture and inoculum preparation

II

The culture media was prepared by mixing 20 gIL of glucose and 5 giL yeast extract
in 200 ml distilled water (Fig. 3.1). Then, it was autoclaved at 121°C for 20 minutes.
Meanwhile, stock culture was made by adding 200 J.ll of bacteria strain into IS ml culture
media in a universal bottle. Stock culture was placed in the refrigerator.
Stock culture of the strains were incubated for 6 hours in the incubator at 36°C. After
that, the culture was transferred into 200 ml Duran bottle containing 100 mL of fresh media
and incubated fo r 24 hours. After the incubation, the culture media turned cloudy, which
indicates the growth of bacteria. The media was centrifuged at 8000 rpm for 10 minutes to
obtain bacteria cell pellet. Autoclaved water was used to wash the pellet and the mixture was
added immediately into the fermentation media that contains HSS and yeast extract.
3.2 Methods
3.2.1 Hydrolysis of Sago Starch (HSS)

200g dry sago starch

Filter/centrifuge
HSS to oblain a
clear sol ution

Dissolved in 800ml
tap water, stir, adj ust
pH to 6.5

+--

Stir for 24 h,
295 rpm

Add 200ml of

~ distilled water to

Add 100 j.l'1of
Termamyl sc.

make it IL

+--

Add 120 j.ll of
Amyloglucosida.
pH adjusted to 4 .5

1

Stir for 2 hours,
~ 270 rpm, 100ce

Figure 3.1 Preparation of HSS

Figure 3.2 shows the preparation of hydrolysed sago starch. It was made by dissolving 200 g
of wet sago starch in tap water. The final volume was adjusted to 1 L. After that, the pH of
the suspension was adjusted to 6.5. 115 I.d of Termamyl SC enzyme (Novozyme Co.) was
added into the suspension for liquefaction process, which took 2 hours at 90-1 OO°C.
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Figure 2.3 Hydrolysed Sago Starch

After 2 hours of liquefaction process, the liquefied sago starch was cooled down to 30-35°C.
Then, the pH of the suspension was adjusted to 4.5 by adding HCI. 115 III of
Amyloglucosidase

(Novozyme

Co.)

was

added

into

the

suspension

for

saccharificationlhydrolysis process that took 24 hours with agitation speed of 200 rpm (Fig.

3.3).
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3.2.2 Batch and repeated batch fermentation

Figure 3.3 Batch fermentation

Fennentation process was carried out by using I L fermenter jar with 700ml working volume.
The pH was controlled at 6.5 by adding 10M NaOH. Meanwhile, temperature was set at 37°C
and agitation speed was 250 rpm. All the fermentation was done by triplicate and the results
are reported as the mean of three replicate.
triplicate as well to confirm the results.
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In addition, the samples were analyzed by

3.2.3 Analytical Method
a) Dry Cell Weight

Figure 3.4 Filtering sample using vacuum pump

The determination of Dew was conducted by filtering 10m I sample through 0.45 J.lm
millipore membrane by using vacuum pump. The actual weight of the membrane was taken

first. After that, the sample was filtered through the membrane and dried in the oven at 60 o e.
After drying, the membrane was weighed again on microbalance. The DeW is determined.
The formula to determine the DeW is:

DCW (giL) =

weight of filter membrane + cells (g) - weight of membrane(g)
3
x 10
Sample volume (ml)

The purpose of measuring Dew was to determine the total biomass produced by the bacteria
during fermentation process. The longer the fermentation time, the greater the amount of
biomass produced by the bacteria.
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b) Optical Density
The 00 was measured by using turbidimeter that was connected to the fermenter while the

LA production was indirectly measured by titration with 10M NaOH. The amount ofNaOH
consumed during fermentation was recorded and converted to LA by using a factor of 0.69 .
c) Reducing Sugar Analysis
Reducing sugar analysis was conducted by using biosensor unit. The filtered sample for

DCW analysis was used for glucose analysis. For every sample taken, this analysis was
performed to determine the amount of sugar consumed by the cell during fermentation.

d) Sampling
For the first 12 hours, sampling was conducted every 3 hours. Meanwhile, for the next 12

hours, sampling was conducted for every 6 hours. Sterile syringe were used to take 15ml
sample from the fermentor. 10 ml from the sample were used to determine Dew and residual
sugar.
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