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Fed batch lactic acid fermentation using Enterococcus faecalis 

ABSTRACT 

Enterococcus faecalis strain was used to perform lactic acid production from hydrolysate sago 
starch. E. faaecalis is one of the lactic acid bacteria that is capable of producing LA via 
fermentative route. The demand of the LA is increasing over the year as the uses of the LA has 
been recognized and accepted over the world. Hence, this recognition has put the LA in high 
demand and interest in its production as well as in research studies. In this study, the 
fermentation conditions was kept at 37°C and pH of 7.0. Strategy used in this study is by using 
fed batch feeding system. It was found that these parameters were conducive for the growth of 
the strain and producing LA. According to the results of the experiment, the yield of LA 
produced by E.faecalis in fed batch mode has increased 22.68% of LA production significantly. 
Fed batch lactic acid fermentation has recorded about 0.741 g/Lh as compare to batch lactic 
acid fermentation which recorded only 0.604 g/Lh. Lactic acid produced by E.faecalis is 93.50 
g/L in 112 hours of incubation period from 120g of glucose used. Throughout this experiment, 
about 13.54% ofNaOH was used in neutralizing the system during the production of LA. 

Keyword: Enterococcus faecalis, Lactic acid, Hydrolyzed sago starch, Fed batch, Demand 

ABSTRAK 

Strain Enterococcus faecalis digunakan untuk menghasilkan asid laktik daripada kanji sagu 
terhidrolisis. E. faaecalis adalah salah satu daripada bakteria asid laktik yang mampu 
menghasilkan asid laktik melalui fermentasi. Permintaan asid laktik semakin meningkat 
sepanjang tahun kerana penggunaan asid laktik telah diakui dan diterima di seluruh dunia. Oleh 
itu, pengiktirafan ini telah meletakkan asid laktik dalam permintaan yang tinggi dan minat 
dalam pengeluarannya serta dalam kajian penyelidikan. Dalam kajian ini, keadaan penapaian 
disimpan di 37 ° C dan pH 7.0. Strategi yang digunakan dalam kajian ini adalah dengan 
menggunakan sistem "fed batch". Didapati bahawa parameter ini kondusif untuk pertumbuhan 
ketegangan dan menghasilkan LA. Berdasarkan keputusan eksperimen, Jumlah asid laktik yang 
dihasilkan oleh E. faecalis dalam cara fed batch" telah meningkatkan jumlah asid laktik yang 
dihasilkan sebanyak 22.68%. Penapaian asid laktik cara "fed batch" telah mencatatkan 
sebanyak 0.741 g/Lh berbanding penapaian asid laktik cara "batch" yang hanya mencatatkan 
sebanyak 0.604 g/Lh. Asid laktik yang dihasilkan oleh E. faecalis ialah 93.50 g/L selama 112 
jam pengeraman daripada 120g glukosa yang digunakan. Sepanjang eksperimen ini, sebanyak 
13.54% natrium hidroksida telah digunakan untuk meneutralisasikan sistem semasa 
penghasilan asid laktik. 

Kata kunci: Enterococcus faecalis, Asid laktik, Kanji sagu terhidrolisis, "Fed batch", 
Permintaan. 
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1.0 INTRODUCTION 

Nowadays, the demand of lactic acid has increased significantly due to its versatility 

especially in the industries. Chemically, lactic acid known as 2-hydroxypropionic acid and in 

nature, it present as carboxylic acid. LA, CsHsO3, is a three carbon organic acid where each of 

it is a part of an acid, methyl and an alcohol carbon group attached. LA exists in two optically 

active isomeric forms which is known as L-lactic acid and D-lactic acid. Other name for L 

lactic acid is (s)-lactic acid while its reflected image, the D-lactic acid is known as (r)-lactic acid 

(Ren, 2011 ). Figure 1 shows the structure of the L-lactic acid and D-lactic acid. 

COOR 
I 

HOCH 
I 
CH, 

L( +) lactic acid 

COOH 
I 

HC OH 
I 
CH, 

D(-) lactic acid 
Figure 1 The structure of L-lactic acid and D-lactic acid {Ren, 2011) 

The uses of LA has increase its market share and it is undeniable that LA has a wide 

range of market and industrial applications. Application of lactic acid can be found in the food, 

medical, cosmetics, pharmaceuticals, leather and textile industries (Nandasana and Kumar, 

2008; John et al.,, 2009; Wang et al., 2015). Apart from that, LA has been used in the production 

of biodegradable polymers, substitution of plastics from oil and as a building-block molecule in 

chemical industries. Since LA is used in the biodegradable polymers production, hence it 

comply with environmental laws as green, renewable and biodegradable that are absolutely 

offers an alternative to the environmental problems. Thus it increase the tendency of continuous 

growth of LA production in the future ( de Oliveira et al,, 2018). 
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LA can be synthesize either by chemical or fermentative production (Nandasana and 

Kumar, 2008; John et al., 2009). Wee et al. (2006) and Subramanian et al. (2015) claimed that 

LA that is produced chemically using petrochemical feedstocks produced a racemic mixture of 

D-lactic acid and L-lactic acid which is not suitable for the synthesis of polylactic acid. Example 

offeedstock used is lactonitrile. Thus, according to Wang et al. (2015), fermentative production 

is much more preferable as it is eco-friendly and cost effective. In addition, it has low energy 

consuming biomass saccharification and has high productivity (John et al., 2009). 

Microorganisms that involve in the fermentative production of LA is known as lactic acid 

bacteria (LAB). 

Lactic acid bacteria that involved in the fermentation are of genera Lactococcus, 

Lactobacillus, Leuconostoc, Streptococcus and Pediococcus (Soomro et al., 2002). Lactic acid 

bacteria is a gram-positive and an anaerobic bacteria. The genus of the lactic acid bacteria is 

divided into homofermentative and heterofermentative which produce 85% and 50% of lactic 

acid respectively. There is a less well known heterofermentative species that produce DL-lactic 

acid, acetic acid and carbon dioxide as the end product (Ren, 2011). In this research project, 

lactic acid bacteria that used was E.faecalis. According to Yun et al. (2003), E.faecalis ferment 

glucose homofermentatively that result in the 85% of lactic acid produced. 

In this research project, the raw materials that used was sago starch. The use of sago 

starch hydrolysate as nutrient source for the microorganisms promotes better performance of 

the fermentation and thus reduce the cost of production while able to enhance the yield of the 

product (Shibata et al., 2007). Furthermore, sago starch can be found abundantly in Sarawak. 

Thus, this raw materials was proposed as it is easy to get besides of its cheaper price Method 
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proposed in this research project was fed-batch fermentation mode as theoretically it is able to 

increase the yield of lactic acid production. 

The objectives of the study are 

• To utilize sago starch hydrolysate in producing lactic acid. 

• To enhance the lactic acid production from E. faecalis using fed batch fermentation 

mode. 

Hypothesis 

The hypothesis of this research proposal is expressed in terms of the Null hypothesis as follow 

Ho: The productivity in fed batch fermentation is the same as the productivity in batch culture. 

Mathematically it can be expressed as the equality as follow 

'/,yea baten) = 'P/,-batch) 
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2.0 LITERATURE REVIEW 

2.1 Lactic acid 

Lactic acid (LA) was first discovered in 1780 and was isolated from sour milk by the 

Swedish chemist named Carl William Scheele. LA is an organic compound with the formula 

C;Hs0±. It also known as 2-hydroxypropionic acid which can be found in sour dairy products, 

fermented fruits and vegetables and sausages as the acid ingredient (Benninga, 1990; Axelsson 

and Ahrne, 2000; Vijayakumar et al., 2008). LA is the nature product that can be found in nearly 

every form of organized life. For instance, organs in human are producing lactic acid by the 

cytoplasm in the cell except erythrocytes. This was supported by the studied done by Goedecke 

et al. (2000) that claimed muscle cells produce lactic acid in an anaerobic condition. This is due 

to the insufficient oxygen during vigorous activities for the breakdown of glucose into carbon 

dioxide and water through glycolysis process. Hence, the incomplete breakdown of glucose 

caused oxygen debt. Despite of releasing carbon dioxide and water, anaerobic respiration thus 

produced lactic acid for the supply of energy required by the muscle (Fox et al., 1969; Bangsbo 

et al., 1990; Gastin, 2001). 

Recently, Cubas-Cano et al. (2018) claimed that lactic acid can be produced by yeasts 

and microalgae via fennentative routes but yet bacteria has scored the highest lactic acid 

concentration production. In prokaryotes, LA produced by certain bacteria are known as the 

"lactic acid bacteria" (LAB). Salminen and Von Wright (2004) has defined that lactic acid 

bacterium is a gram-positive bacteria, non-spore forming, tolerant to acidic condition, absent of 

cytochromes, fastidious and strictly fermentative. LAB can be found in habitats rich in nutrients 

such as in milk, meat, beverages and vegetables. However, some of the LAB species are also 

members of the normal flora of the mouth, intestine, and vagina of mammals (Salminen and 
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Von Wright, 2004). Axelsson and Ahm e (2000) claimed that these bacteria produce lactic acid 

as the main end-product in the lactic fermentation. According to Salmin en and Von Wright 

(2004) in their findings stated that genera Enterococcus, Lactococcus, Streptococcus and 

Vagococcus were the lactic acid bacteria which included in Streptococcus genus. 

Despite of producing lactic acid, LAB also can act as biopreservatives in food and feeds 

(Soomro et al., 2002; Schniirer, and Magnusson, 2005; Sparo et al., 2008). Those research 

findings can thus replace the use of chemical preservatives in the food industry which are known 

for its consequences towards human health. Examples of health problem address with the 

chemical preservatives are cancer, allergies, palpitations, headache and many more. LA exists 

in two enantiomeric forms which are L-lactic acid and D-lactic acid due to its chiral carbon 

atom that consist of three carbons (Yun et al., 2003; Vijayakumar et al., 2008; Mufidah and 

Wakayama, 2016). These isomers synthesis into polymer namely poly-lactic acid (PLA) via 

lactide ring-opening polymerization route (Lim et al., 2008). PLA is a biopolymer with various 

applications because of its durability, resistance, biodegradability, bioabsorbable and 

biocompatibility, and eco-friendly (Lunt, 1998; Lim et al., 2008; Lasprilla et al., 2012; Cubas 

Cano et al., 2018). Some of the applications of PLA are in paper coating, fibers, medical 

applications, biodegradable plastics, films and packaging (Lunt, 1998; Drumright et al.,, 2000; 

Auras, 2010). 

2.2 Application of lactic acid 

Demanding of lactic acid (LA) has increased over the year due to its various uses and 

applications. Besides that, research in concern of LA has caught the interest of many 

researchers. Alsaheb et al. (2015) address four main applications of LA which are in food, 

pharmaceutical, cosmetic and chemical industry. Besides that, Reddy et al. (2008) point out that 
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lactic acid is very useful in the leather and textile industries. Apart from that, requirement of 

LA in the fermented dairy products, pickling preparation, wine making, vegetables baking, 

sausages, meats and curing fish had increase the demand of LA to a broader aspect (Alsaheb et 

al., 2015). 

In the food industry, the demand of LA account for approximately 85% while the 

remaining 15% is in the nonfood applications such as biodegradable plastic production and 

many more. Agencies like Federal Drug Administration (FDA) in USA had considered LA as 

generally recognized as safe (GRAS) for use as food additives (John et al., 2009; Martinez et 

al., 2013). LA plays a vital role in food industry as flavoring agent, pH regulators which 

improving the microbial quality, acidulates, preservatives and mineral fortification (Alsaheb et 

al., 2015). 

While in the pharmaceutical industry, LA was used in the parental solution, mineral 

preparations, and tablet tings (Alsaheb et al., 2015). Besides that, according to Ing et al. (1994), 

LA was used in the improvisation of dialysis solution to hemodialyze patients. Apart from that, 

due to its biotextile structure, it is a valuable component present in biomaterials like resorbs 

able screws, sutures, and medical devices (Ren, 2011; Alsaheb et al,, 2015). LA also has 

significant contribution in the medical treatment as reported by Datta and Henry (2006), which 

has been used in the calcium-deficiency therapy and anti-caries agent. 

In cosmetic industry, LA has been used as the pH regulators, skin-lightening agents and 

skin-rejuvenating agents (Alsaheb et al., 2015). As proved by Smith ( 1996) in his study claimed 

that treatment with 5% oflactic acid noted the changes in skin smoothness and in the appearance 

of lines and wrinkles while treatment with 12% lactic acid has increased epidermal and dermal 
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firmness and clinical changes can be observed. Furthermore, acne skin can be treated with the 

treatment of LA which also act as an anti-tartar agents. Besides that, Rogers et al. (1989) had 

pointed out the advantage of LA to treat xerosis. Xerosis is the clinical name for dry skin caused 

by the declining of natural moisturizing factors of the skin (Takahashi and Tezuka, 2004). 

Hence, LA also can be used as the moisturizers in cosmetics industry. 

As in chemical industry, LA is widely used as the pH regulator, neutralizer, and slow 

acid-releasing agent. This is due to the chemical conversions of LA into useful chemicals. For 

instance, the production of propionic acid from LA can be done via reduction process while 

acetaldehyde via decarboxylation (Reddy et al., 2008). Apart from that, uses of LA in chemical 

industry can be recognized as the descaling agent, green solvents and cleaning agents (Alsaheb 

et al,, 2015). 

2.3 Enterococcus faecalis 

Enterococcusfaecalis is one of the species oflactic acid bacteria that produce lactic acid 

as major metabolic product. E. faecalis is a gram-positive bacteria which consists of 3.22 

million genome base pairs. E. faecalis can be found in the mammalian gastrointestinal tract, 

soil, water, food, sewage frequently through fecal contamination (Paulsen et al,, 2003; 

Valenzuela et al,, 2010). According to Bose et al. (2015), E.faecalis is a pathogen that majorly 

caused urinary tract infections (UTI). Other than that, bacteremia and infective endocarditis 

caused due to the presence of E. faecalis. Paulsen et al. (2003) claimed that treatment option to 

cure the UTI caused by E. faecalis is limiting due to its characteristics that can withstand 

oxidative stress and desiccation. Furthermore, E.faecalis can live in the extremes of temperature 

and pH and has high resistance to salinity, bile acids and detergents. E. faecalis is also resistant 

to other antimicrobial agents particularly vancomycin, which is commonly used to treat serious 
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infections by drug-resistant gram-positive pathogens which has led to a serious health care 

concern. 

Since E. faecalis was classified as lactic acid bacteria, thus it has the capability in 

producing LA from carbohydrates fermentation. Figure 2 shows the metabolic pathways of 

LAB. 

Glucose 
ATP )jf;ATP 

ADP ADP 
Gluco e 6-P eAO+ 

~ NADH 
6-Phosphogluconate 

rt. ,-"% 
Xylulose 5-P 

/ ~ / ~ 
Glyceraldehyde 3-P DHAP Glyceraldehyde 3-P 

4 ADP NAD+ f-2 ADP 
2 NAD+)j(4 ArP ,} .2Ar 

2NADH NADH -H,O 
= 2HO 

2 Pyruvate Pyruvate 

j 2 NADH A jcNADH 
A C 2NAD_+ NAO+ 

/ 
Fructose 6-P 

[" f'-"' ADP 
Fructose 1-6- bis P 

Ac~tyrNAOH 

[<- NAD» 
Acetaldehyde 

• AO+ 2 Lactate Lactate Ethanol 

Homolactic metabolism Heterolactic metabolism 

A -Lactate dehydrogenase, B - Alcohol dehydrogenase 

Figure 2 Metabolic pathways of lactic acid bacteria (Reddy et al., 2008) 

E. faecalis, an anaerobic LAB utilize pyruvic acid as the end-product of Embden 

Meyerhof pathway. Pyruvic acid that converted to lactate is affected by either of the two 

enzymes, namely L-lactate dehydrogenase or D-lactate dehydrogenase. Enzyme that involved 
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in the conversion is solely depends on the type of organisms used (John et al., 2007). LAB 

ferment carbohydrates can be classified into homofermentative and heterofermentative. Based 

on the research did by Yun et al. (2003), they claimed that E. faecalis is the homofermentative 

LAB. Thus, microbial fermentation of sugar by E. faecalis produce L-lactic acid as the major 

end, which is the food and industrial applications demanding for (Sarantinopoulos et al., 2001). 

Reddy et al. (2008) stated that via homofermentative patterns, approximately about 85% LA 

was produced from glucose while via heterofermentative patterns noted only 50% of LA 

produce. Previous studied regarding the E. faecalis fermentation has showed that E. faecalis 

capable to ferment different types of carbohydrates such as glucose, fructose, maltose, 

galactose, lactose, glycerol, xylose, whey and starch (Yun et al,, 2003). Table 1 shows the 

results of the fermentation from various carbon sources by E. faecalis RKYI in batch 

fermentation. 
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Table 1 Effect of different carbohydrates on cell growth, lactic acid yield, and organic acid 

production in batch fermentation of Enterococcus faecalis RKYI (Yun et al., 2003). 

Carbon sources Dry cell weight (g/1) Organic acids (g/1) Yara (6) 

Lactic acid Formic acid Acetic acid 

None 1.46 1.14 n.d. n.d. 100 

Glucose 4.91 18.18 2.07 n.d. 89.8 

Fructose 4.82 17.95 1.80 n.d. 90.9 

Maltose 4.82 16.80 2.83 n.d. 85.6 

Ga lactose 3.91 2.17 7.38 7.15 13.0 

Lactose 2.62 1.26 2.62 n.d. 32.5 

Glycerol 1.94 2.24 1.37 n.d. 62.0 

Xylose 2.37 1.68 1.84 n.d. 47.7 

Whey 3.98 1.83 2.14 n.d. 46.1 

Starch 2.79 1.19 1.31 .n.d. 47.6 

2.4 Sago starch as carbon source 

As reported by Nolasco-Hipolito et al. (2012), raw materials is one of the crucial factors 

that determine the overall cost in Lactic Acid Fermentation (LAP) production. Previous studies 

regarding the LAP had used several different raw materials as carbon source. For instance, 

Mufidah and Wakayama (2016) used banana peel and corncob as the fermentation substrates in 

producing D-lactic acid. Table 2 shows various feedstock used for lactic acid production and 

the yield of lactic acid produced. 
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Table 2 Important starchy and cellulosic materials used for the production of lactic acid (John 
et al,, 2009) 

Raw material 
Starchy • · • 

Microorganisms 

Whole wheat 

Barley 

Wheat bran 
Cassava 
bagasse 

Com, rice, 
wheat starches 
Potato starch 
Com starch 

Cellulosic 

bran 
Agroindustraial 
starchy waste 
Cellulose 
Corncob 
Wood 

Waste paper 
Wood 

hydrolyzate 
Cellulose 

Pretreated 
wood 

Lactococcus lactis ssp. 
lactis ATCC 19435 

L. lactis and Lactobacillus 
delbrueckii 

Lactobacillus casei NRRL 
B-441 

L. amylophilus GV 6 
L. delb_rueckii NCIM 2025, 

L. casei 
Lactobacillus 

amylovorus ATCC 33620 
Rhizopus oryzae, R. arrhizus 
L. amylovorus NRRL B 

4542 
Lactobacillus sp. 

Enterococcus faecalis RKYI 

L. bulgaricus NRRL B-548 
Rhizopus sp. MK-96-1196 
Rhizopus oryzae NRRL 395 

Rhizopus oryzae 
Enterococcus faecalis RKY1 

Lactobacillus 
coryniformis ssp. 

torquens ATCC 25600 
Lactobacillus delbrueckii 

Lactic acid yield 

0.93 to 0.95 gig substrate 

0.87 to 0.98 gig substrate 

> 0.90 gig substrate 
0.90 to 0.98 gig substrate 

< 0.70 gig substrate 

0.87 to 0.97 gig substrate 
0.935 gig substrate 

129 gl l 

. ~ 0.93 gig substrate 

> 80 gll 
90 gll 

> 0.85 gig substrate 
> 0.8 gig substrate 

~ 0.9 gig 

0.89 gig cellulose 

48-62 g/l 
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The use of purified sugars like glucose as the feedstock for lactic acid production is costly and 

expensive, thus, use of lignocellulosic biomass provide an alternative way besides its great 

availability, sustainability, and cheaper compared to refined sugars (John et al., 2009; Abdel 

Rahman et al., 2011; de Oliveira et al., 2018). 

Among starchy materials, the use of sago starch as the carbon source is proposed due to 

its abundant availability in the agricultural plant Metroxylon spp. besides of its low cost and 

renewable (John et al., 2009). Furthermore, according to Shibata et al. (2007), sago starch 

generate high yield of LA production than those from glucose and other starches. Generally, 

sago starch granules are bigger than rice (3-10 µm), com (5-20 m), wheat (22-36 m), or 

cassava (5-25 um), but smaller than potato (15-85 µm) (Nolasco-Hipolito et al., 2012). Before 

fermentation, sago starch need to undergo enzymatic pretreatment of liquefaction and 

saccharification which is essential to breakdown complex carbohydrate into simple sugars 

(Shibata et al., 2007). 

2.5 Fed-batch culture 

The disadvantage of traditional batch production system has induced the synthesis of 

lactic acid as fermentation products. This is due to high initial sugars concentrations, 

diminishing pigments and biomass yield. Thus, fed-batch culture technique is implemented to 

overcome the disadvantage of batch fermentation (Weigand, 1981). According to John et al. 

(2007), the selection of fermentation mode may vary with respect to different processes. For 

example, if the substrate is costly, the yield should be maximized hence batch fermentation is 

not recommended and preferable. It can be carry out in fed-batch or continuous fermentation. 

On the other hand, the risk of contamination is high in continuous fermentation plus it is time 

consuming, thus fed-batch fermentation is the great match to fit in the industrial production. As 
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