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Effects of High Cell Density Fermentation on Lactic Acid Production from Sago Starch 

Lenny Anak Niyong 

Resources Biotechnology Programme 
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University Malaysia Sarawak 


ABSTRACT 

The effects of high cell density fermentation on the production of lactic acid were examined 
through the studies of retention time of seed culture (4 hours, 6 hours, 8 hours) and the effects 
of inoculum size (10% and 20%) prior to ilactate fermentation. For the retention time of seed 
culture, the highest concentration of lactic acid was generated at 4 hours retention time with 
53.53 gil lactic acid produced. However, at 6 hours and 8 hours retention time of seed culture 
lower concentration of lactic acid was generated at 39.68 gil and 39.02 gil respectively. At 4 
hours retention time for seed inoculum, it is shown that high cell density with 10 % and 20% 
inoculum size results in almost the same amount of lactic acid yield at 52.55 gil and 54.88 gil, 
respectively. This indicates that lactate yield in 20% inoculum size is little higher than 10% 
inoculum size but overall, both variables shown the higher efficiency of glucose consumption 
and corresponded to high yield of lactate. 

Key words: high cell density, retention time, inoculum size, lactic acid concentration, 
batch fermentation. 

ABSTRAK 

Kesan fermentasi menggunakan kepekatan sel yang tinggi terhadap penghasilan asid laktik 
dikaji melalui kesan masa penahanan kultur sel(4 jam, 6 jam, 8 jam) dan kesan saiz 
inokulum(JO% dan 20%) terhadap fermentasi asid laktik. Bagi kajian masa penahanan kultur 
sel, kepekatan asid laktik yang tinggi dihasilkan pada masa 4 jam penahanan kultur sel iaitu 
53.53 gil asid laktik dihasilkan. Namun begitu, pada masa penahanan selama 6 jam dan 8 jam 
kultur sel, kepekatan asid laktik yang terhasil adalah rendah iaitu masing-masing 39.68 gil 
dan 39.02g/l. Didapati juga, fermentasi sel berkepekatan tinggi dengan 10% dan 20% saiz 
inokulum memberi nilai yang hampir sama bagi asid laktik yang dihasilkan iaitu, 52.55 gil 
dan 54.88 gil. Ini menunjukkan bahawa laktik asid yang terhasil pada 20% saiz inokulum 
adalah linggi sedikit dari 10% saiz inokulum tetapi seeara keseluruhan kedua-duanya 
menunjukkan kebolehan tinggi menggunakan glukosa dan selaras dengan penghasilan laktik 
asid yang tinggi. 

Kata kunei: kepekatan sel tinggi, penahanan masa, saiz inokulum, kepekatan asid laktik, 
jermentasi berkelompok. 



CHAPTER 1 


INTRODUCTION 


Lactic acid is a chemical compound that has numerous applications in food, 

pharmaceutical, and chemical industry. It is usually formed by fermentation of glucose 

utilizing lactic acid bacteria. The ability of lactic acid to be used as a raw material for the 

production of polylactate (PLA) which is biodegradable material in plastic industry has 

attracted numerous attentions. Its potential for producing biocompatible and biodegradable 

plastic actively persuade (Goncalves et ai, 1991). Petroleum-based plastics are non

biodegradable and have caused significant environmental pollution. To solve this problem, the 

use of petroleum based plastic should be reduced and replaced with biodegradable plastic. 

However, the limitation of lactic acid production is it high cost operation 

(Sirisansaneeyakul et ai, 200 I). Several methods have been developed to reduce the 

production cost and to obtain a higher yield of lactic acid production by simple production 

system with minimum byproduct formation. Since the sugar feedstock account for over 50% 

of the fermentation cost (Hoek el ai, 2003), the cheaper raw material for example sago starch 

have serves as a carbohydrates sources for fermentation. Glucose from sago starch was an 

excellent substrate for lactic acid fermentation. According to Bujang (2004), bioconversion of 

sago starch into glucose is a sensible alternative since glucose (US$0.50/kg) fetch a higher 

price to sago starch (US$0.20/kg). Fermentating glucose to lactic acid (US$30-50/Iitre) will 

certainly add further value to the end product. High specific productivities can be obtained 

with this ystem which guarantees high economical productivity at economical cost with only 

a mall investment for setting up the sago industry (Hipolito, 200 I). 
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In this study, the high cell density fermentation is used to yield high biomass, thus high 

productivity of lactic acid. It has been reported by Hipol ito (200 I), that production rates can be 

increased by increasing cell densities in bioreactor. Previous research mostly used continuous 

fermentation to obtain a high cell density where the cell recycling has been incorporated to the 

process. In cell recycling system, the cells are retained using Hollow Fiber Filter Membrane 

and the lactic acid produced is removed from the broth, fulfilling one of the requirements in 

lactic acid fermentation to have high productivity with viable cells (Hipolito, 200 I). 

In this research, two studies was conducted in order to investigate the effects of high 

cell density fermentation. These are the study of different retention times of seed culture and 

different inoculum size. This research involves two stages where the first stage is to culture the 

bacteria using a culture bottle (2L working volume) and then filtered using a HFM to obtain 

the concentrated cell as the inoculum for fermentation trials. In this manner, the high cell 

density is created and serves as the inoculum in the actual fermentation in the next stage. 

The objectives of this study are 1) to produce high concentration of lactic acid using 

high cell density fermentation 2) to study the effects of retention time of seed culture and 3) to 

determine the suitable retention time to study the effects of inoculum size on high density 

fermentation to lactic acid production. 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Sago 

Sagopalm (Metroxylon spp) is from the species Palmae producing sago starch that 

becomes one of the oldest tropical plants used by mankind. In Southeast Asia and the Pasific, 

rice, cassava, and sago are the main food crops. Sagopalm and cassava are inexpensive and not 

agriculturally intensive as rice (Doelle, 1998). Because of that, sagopalm and cassava 

obviously have been studied for further diversification and exploitation as starch sources. 

Sagopalm naturally grows in swampy areas near the riverbank which unsuitable for 

other crops. It mainly grows under semi-mild condition with minimal maintenance (Tie and 

Lim, 1991). The palm is perennial, very suitable for humid tropical low land and already 

available in areas that need urgent economic development (Doelle, 1998). 

In Malaysia,more than 90% of all sago planting areas is found in the state of Sarawak. 

From here, 75% of the sago plantation is found in the areas of Mukah, Igan, and Oya-Dalat 

district of Sibu Division, and Pusa-Saratok district of Sri-Aman Division (Bujang and Ahmad, 

1999). 1n sago palm processing, starch is extracted from the pith whereas the nonpith part of 

sago palm trunk form resources for gasification and energy production. Due to the natured and 

characteri tic of sago which contains high carbohydrate, sago has become a cheap carbon 

sources for fermentation. Sago also have a lot of nutritional value and becomes an important 

sources of industrial starch (Jolhery, 2002). 
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2.2 Lactic Acid 

Lactic acid, (2-hydroxypropanoic acid, 2-hydroxypropionic acid) is the most widely 

occurring organic acid. The acid has a numerous applications in the food, pharmaceutical, and 

polymers. Nowadays, more modern application includes production of biodegradable plastic, 

medical care, agricultural opportunities and environmentally friendly solvent also begin 

explored. [n the US, a large portion of lactic acid is used as a feedstock to make polylactic 

acid-based (PLA) polymers for the production of fibers, films, nonwoven and many more. 

PLA production is environmentally sustainable and it is expected to be produced on multi

million dolar scale in the future (Hoek e/ al. 2003). 

Lactic acid can be produced either synthetically or fermentatively. Fermentative 

production has some advantages by choosing a lactic acid bacterium producing only one of the 

isomer and optically pure product could be obtained (Hovendahl, 1999). Lactic acid 

fermentation is one of the worlds most important fermentation processes that carried out by 

lactic acid bacteria in which sugar are converted either entirely or almost entirely to lactic acid. 

Since lactic acid fermentation does not generate carbon diox,ide during biochemical reaction, it 

is an ideal bioconversion process with minimum impact on the environment (Ishizaki, 2000). 

2.3 Lactococcus lactis 10-1 

Lactococcus lac/is 10-1 is a homolactie L-Iactic producing organism that capable of 

high conversion rates of glucose to lactic acid, with no other volatile fatty acid produced. This 

rain grew under anaerobic condition however, it was also capable of growing under 

j 
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microaerophil ic condition. The optimal temperature to growth is 37°C and the strain tolerant 

in 6.5% NaCI. Lactococcus lactis 10- I is gram positive coccus and it shape is ovoid with the 

size of 0.8-0.9 11m width and 1.1-1.2 11m length (Ishizaki et aI, 1990). Lactococcus lactis is 

purely L-Iactate producer that requires the starch to be hydrolyzed prior to fermentation 

process. 

2.4 High Cell Density Fermentation 

High cell density fermentation is fermentation with the presence of high amount of 

biomass compared to conventional fermentation. To obtain high cell density, it usually 

involves two stages. The first stage is to grow the cells to high cell concentration. The cell 

with high concentration is retain by filtration. In this manner, the cells are separated from 

spent medium and cells are recycle back to 'be used in the next stages. In lactic acid 

fermentation, by using high cell density of lactic acid bacteria, it will result in higher lactate 

production. Thus, an increased concentration of cells can increase the production rate in the 

fermentor ( Hoek et aI, 2003). There have been reports where it has been clearly demonstrate 

that by increasing the cell concentration in the fermentor, it is possible to obtain higher lactate 

production capacity (Taniguchi et aI, 1987). 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Sago Starch 

Commercial food grade sago starch was obtained from the local market. 

3.2 Hydrolysis Sago Starch 

The two enzymes ( Novo Nordisk) for hydrolysis of sago starch are Termamyl-120L 

(thermostable amylase from Bacillus licheniforms, 120 KNUlg) and AMG 300L(a type of 

glucoamylase from Aspergillus niger) as detailed elsewhere by Bujang et al (1999). 

3.3 Microorgani m 

Laclococcus lac/is 10-1, Japanese Collection of Microorganism (JCM) 7638, is used in this 

study. The optimal growth temperature for this microorganism is 37°C. 

3.3.1 Stock culture activation 

The stock culture was stored at -84°C and revived by incubation in Thioglycolate (TGC) 

medium without dextrose for 18 hours at 37°C. The culture is maintained at 4°C in 

ThioglycoJate medium and can be stored for up 2 weeks prior to use. Refreshed Lactococcus 
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lactis 10-1 is transferred to inoculum media in shake flask prior to incubation at 37°C for 6 

hours with shaking at 200 rpm. 

3.4 Culture Medium 

The basal medium for fermentation is prepared by adding 60 gil glucose, 5 gil yeast extract, 5 

gil polypeptone, 5 gil sodium chloride and distilled water. The same medium but with 10 gil 

glucose are used for seed culture media (2 L working volume) and initial inoculum media in 

shake flask (200 ml working volume). 

3.5 Hollow Fiber Filter Module (HFM) 

Hollow fiber filter module ( Microza Microfiltration module PSP-I 03 ) is used to separate the 

culture medium into two streams, a cell free filtrate and a concentrated culture stream (Bujang 

and Jobti, 2002). The effective area of the membrane was 0.2 m2 
, provided by 400 hollow 

fibers with an internal diameter of O. 7mm and a useful length of about 20.3 cm. The pore size 

on the membrane was 0.1 flm. 
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3.6 Polystat cc2 

Polystat cc2 (Huber Version l.0/02) is used in this study to maintain the broth temperature (37 

0c) throughout the seed culture and fermentation process. 

Figure I: Polystat system that is used to control fermentation temperature. 

3.7 Higb Cell Density Fermentation of Lactic Acid 

The fermentation process is conducted in a fermentor jar with I L working volume. The 

fennentation is performed at 37°C controlled by a polystat system and the agitation speed is at 

500 rpm controlled by stirrer. The fermentation process was operated for 30 hours. The 

experiment was based on prior report by Shibata (2004). 
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HFM cell-free filtrate 

concentrated cells 

process 1 

process 2 

Figure 2: Schematic illustration of High Cell Density fermentation using Hollow Fiber Filter 
Module (HFM). 

(a) (b) (c) 

Figure 3: High cell density fermentation process (fermentation was carried out with controlled 
pH6, controlled temperature at 37°C, agitation rate of 500 rpm.) 
(a) seed culture preparation (b) cell separation through Hollow Fiber Filter Module 
(c)Fermentation using fermenter jar. 
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3.7.1 Effects of retention time of seed culture 

The retention times studied are 4 hours, 6 hours and 8 hours. The cell culture is allowed to 

grow at these times before it is filtered through HFM and the concentrated cells are added to 

the fermentor jar as the inoculum. The retention time that produces the higher lactic acid is 

determined and used in the next study. 

3.7.1 Effects of inoculum size on production of lactic acid 

During the first process, the microorganisms are allowed to grow at suitable retention time 

determine earlier. The broth was filtered through HFM and the cells retain are used as a 

inoculum to second stage. The high cell density fermentation is carried out by adding different 

percentage of inoculum, 10% and 20%. 

3.8 Sampling 

Aliquot of 10 ml samples are collected every 6 hours of fermentation process. The samples 

were kept at 4°C before further analysis. 
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3.9 Analytical Techniques 

3.9.1 Biomass concentration (Dry Cell Weight) 

Biomass concentration is measured based on dried cell weight which is to determine the 

growth of cell rate during fermentation (refer appendix A) 

3.9.2 Lactic acid determination 

Lactic acid are analyzed by High Performance Liquid Chromatography ( HPLC, Water ISIS 

isocratic HPLC Pump, water 2487 Dual and Absorbance UV Detector, USA). 1.0 mM sulfuric 

acid are used as a mobile phase and the flow rate were set at 0.6 ml/min. 20 III of the sample is 

injected into the column using autosample 25 Ill. 

3.9.3 Reducing sugar analysis 


Reducing sugar is analyzed using the dinitrosalicyclic acid (DNS) method (Miller, \959). 


Refer to appendix A. 
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CHAPTER 4 


RESULTS 


4.1 Effects ofretention time on seed culture to the production of lactic acid. 

The variables of retention time on seed culture during this study are 4 hours, 6 hours and 8 

hours. 

4.1.1 Effects of 4 hours retention time on seed culture. 

The results for 4 hours retention time of seed culture on lactic acid production is shown in 

Figure 4. 

4 hours retention time 

70 10 

60 

ft 8 

::l 50 
(5 
~ ...... 40 
III~:g ..... 30 
III 
CJ
'B 20 
~ 

10 

O~------~------'--------r------~--------'O 
o 6 12 18 24 30 

Time (hours) 
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Figure 4: Effects of 4 hours retention time of seed culture on lactic acid production. 
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The initial glucose concentration was 58.35 gil (0 hours) and reduced to 39.79 gil at 6 hours. A 

consumption of 18.56 gil (3\.8%) of glucose is observed. At 12 hours more than 67.7 % of 

glucose consumed and glucose concentration almost completely used (99.8%) at 30 hours. 

Lactic acid production increased from the initial of fermentation until the end (30 hours). The 

lactic acid produced during 30 hours is 53.53 gil. The biomass concentration start to decline 

after 18 hours due to the lower concentration of glucose left. 

4.1.2 Effects of 6 hours retention time of seed culture. 

The results for 6 hours retention time of seed culture on lactic acid production is shown in 

Figure 5. 

6 hours retention time 
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Figure 5: Effects of 6 hours retention time of seed culture on lactic acid production. 
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The starting glucose concentration was 64.6 gil at 0 hours and it start to decrease to 43 .9 gil at 

6 hours with consumption of20.7 gil glucose (32 %). Glucose concentration rapidly decreases 

until 12 hours with the glucose consumption of 37.0 I gil or 58.2%. It was observed that 

glucose concentration slowly decrease to 24.75 gil or 61.7 % glucose consumption after 12 

hours where the biomass concentrations also start to decrease after this hour. After 12 hours, 

the production of lactic acid is 37.98 gil and the lactate production after this hour increase at 

the slow rate. The lactic acid produce is 39.68 gil (30 hours) and the glucose residual during 

this hour is 24.61 gil. It is observed that the cell no longer produced lactic acid due to the slow 

rates of lactic acid produced and glucose reduced starting from 12 hours onwards. At the end 

offennentation (30 hours) total glucose consumed are 39.99 gil or 61.9%. 
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.1.3 Effects of8 hours retention time of seed culture. 

The results for 8 hours retention time of seed culture on lactic acid production is shown in 

Figure 6. 

8 hours retention time 
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Figure 6: Effects of 8 hours retention time of seed culture on lactic acid production. 

The glucose concentration at 0 hours is 61.42 gil. After 6 hours, glucose consumption is 33.74 

III or S4.90A,. Over half of glucose are used by the cells at the first 6 hours indicate the faster 

rate of glucose reduction. The lactic acid productions also increase rapidly at the first 6 hours. 

eanwhile, biomass concentration increase from 0.21 gil (0 hours) to 2.74 gil (6 hours). At 12 

hours the glucose consumption is 59.3 % and the glucose concentration reduced slowly until 

end of fermentation process (30 hours). The glucose concentration at 30 hours is 22.39 gil 

&lid indicates that only 39.03 gil or 63.5% glucose consumed by the cells. Lactic acid 

production also increases a little after 6 hours and the maximum lactic acid produced is 39.02 
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