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Effects of sago starch concentration in direct lactic acid fermentation by 


Enterococcus faecium No 78. 


Siti Nasirah bt Abd Wahab 

Biotechnology Resource Programme 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

Abstnct 

This study was performed to study the effects of different sago starch concentration on the production of 

lactic acid by Enlerococcus jaecium no 78. Enlerococcus jaecillm No 78 is an amylolytic lactic acid 

bacteria (ALAB) which is capable of directly hydrolyzing starch as their carbon source. Four different 

concentrations were studied, 15 giL, 20 giL, 30g/L, 40glL. Batch fermentation system was performed 

throughout this study. Besides determining lactic acid production, reducing sugar analysis, starch 

degradation analysis and viable cell count were also analyzed. Maximum lactic acid production, 10.62 giL 

was obtained when 30 gIL sago starch concentration utilized. Result for starch degradation analysis was too 

low than expected regardless of the sago starch concentration used. Maximum result obtained for this 

analysis was 21.55 gIL at 40 giL sago starch concentration. For viable cell count, highest result recorded 

was 10gIO 11.67 with 20 gIL sago starch concentration. 

Keywords: Ellterococcus jaecium No 78, amylol.ytic lactic acid bacteria (ALAB), sago starch 

concentration, lactic acid production, starch degradation analysis. 

Abstrak 

Kajian ini dijalankan unluk menguji kesan kepekalan kanji sagu yang berlainan ke alas penghasilan asid 

laktik oleh baksteria Enlerococcus [aecillm No 78. Bakleria ini mempunyai keupayaan unluk 

menghidrolisiskan kanji sagu secara lerus untllk digunakan sebagai sumber karbon. Empal kepekatan kanji 

sagu yang berbeza lelah digunakan iailu 15 giL. 20 gi L. 30g1L. 40 giL. Sislemjermenlasi secara kelompok 

digunakan sepanjang kajian ini dijalankan. Selain mengkaji kepekatan asid laklik. bilangan sel hidup. 

analisis baki kanji sagu dan analisis baki glukosa lerhasil juga dijalankan. Daripada kajian, kepekalan 

asid laktik lertinggi dihasilkan apabila menggunakan 30 giL kanji sagu.. Analisis baki kanji sagu 

menunjukkan kepekalan yang rendah bagi semua kepekalan yang digunakan. Kepekalan baki kanji 

lerlinggi adalah 21.55 giL pada 40 gi L kepekalan kanji sagu. Bilangan sel hidllP yang lerlinggi dicalatkan 

adalah loglO 11.67 pada 20 giL kepekalan kanji sagll. 

Kala kunci: Enterococcus faecium No 1! kepekalan kanji sagu. penghasilan asid laklik. analisis baki 

IlIkosa. analisis baki kanji sagu. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Lactic acid is the most important, wide occurring natural organic acid (Datta et al., 1993; 

Hipolito, 200 1). It has been widely used in food industries as food preservatives and 

flavoring agents (Flores et al., 200 I), pharmaceutical, leather textile industries and also as 

chemical feedstock (Vishnu et al., 2002; Datta et al., 1993; Litchfield, 1996). Its new 

applications as monomer in L-polylactic polymer, which is a biodegradable plastic and as a 

green solvent have potential in reducing environmental pollution (Narayanan et al., 2004). 

The L-lactic acid polymers have main application in medical field. L-lactic acid polymer 

exist in three forms, which are solids that can be utilized for filling gap in bones, solids 

with tensile strength used to produce sutures (stitching materials in surgery), and glue form 

that applied in joining membranes or thin skins in humans (Shikinami, 2002; Narayanan et 

al., 2002). 

Lactic acid bacteria (LAB) consists of several genera, which some of them are 

Streptococcu I Lactococcus, Enterococcus, Lactobacillus, and Leuconostoc. All LABs are 

gram positive facultatively anaerobic bacteria. LAB can be divided into two groups based 

on their end product. Homofermentative LAB produces only or major Lactic acid as their 

end product, while heterofermentative LAB produces equivalent amount of carbon dioxide, 

lactic acid and ethanol. LAB is a fast growing microorganism. Growth medium for LAB 

must contain fermentable carbohydrate and many growth factors. Brain heart infusion, 

APT and MR are the common medium used for LAB. They contain glucose and rich in 

j 
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growth factors (Hipolito, 200 I) . The characteristics of LAS like capability to ferment 

cheap raw materials, requiring minimal amounts of nitrogenous substances, yielding high 

productions of preferred stereo specific lactic acid under low pH and high temperature, 

have made them the desirable industrial microorganisms (Narayanan et al., 2004). The 

choice of the microorganism depends on the raw material to be fermented. 

Sucrose, maltose, lactose, and glucose are commercially used as substrates, but they are 

expensive (Vishnu et al., 2002). Recent studies have been carried to use starch as a sole 

carbon source, replacing those refined sugars. Starch is an abundance source and cost 

effective. However, starch utilization needs two steps of processes as the starch need to be 

hydrolyzed (liquefaction and saccharafication) followed by fermentation . Alternative 

strategies have been developed that involved direct conversion of starch to lactic acid using 

amylolytic, acid-producing microorganisms, such as Lactobacillus amylophilus and 

Lactobacillus amylovorus (Nakamura and Crowell , 1979; Nakamura, 1981 ; Vishnu et al., 

2002). This will reduce the production cost as the hydrolysis process of starch will be 

eliminated. 

Amylolytic lactic acid bacteria (ALAS) may account for 65% of isolates from different 

types of foods (Damelin et al., 1995). They are widespread among the non-dairy food and 

in different geographical areas. They have been isolated from swine and cattle waste-corn 

fermentations in the USA (Lactobacillus amylophilus and Lactobacillus amylovorus) 

2 
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( Nakamura & Crowell, 1979; Nakamura, 1981), fermented cassava roots in Congo and 

Niger (Lactobacillus plantarum strains) ( Nwankwo et al., 1989; Giraud et al., 1991), 

chicken crops in France (Lactobacillus strains) ( Champ et al. 1983), fish silage in Sweden 

(Leuconostoc trains) ( Lindgren & Refai, 1984), fermented fish and rice food in Japan 

(Lactobacillus plantarum) ( Olympia et al., 1995) and maize sourdough in Benin 

(Lactobacillus Jermentum) ( Agati et al., 1998). The latest ALAB discovered was 

Lactobacillus manihotivorans LMG 180 I OT which was discovered during the process of 

cassava sour starch production in Colombia. 

1.1 HYPOTHESIS 

In previous study, L (+) lactic acid production via fermentation process by Lactococcus 

lactis 10-1 was utilizing hydrolyzed sago starch (Ishizaki et al., 1993). The sago starch 

needs to be hydrolyzed as these bacteria do not contain any amylolytic enzymes to directly 

hydrolyze the sago starch. Sago starch hydrolysis is a two steps process, liquefaction 

followed by saccharification. These processes consumed high cost and long period of time. 

Other research has shown that Enterococcus Jaecium strain 78 was capable for direct 

fermentation of sago starch. MRS medium was the best medium compared to CMX and 

GYP medium and Enterococcus Jaecium no 78 have showed highest productivity of lactic 

acid compared to other studied strains (Flores et al., 200 I). 
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1.2 RATIONALE 

This study utilized Enterococcus faecium No 78 to directly ferment gelatinized sago starch, 

producing L (+) lactic acid and. Enterococcus faecium No 78 have amylolytic enzymes 

which can directly hydrolyze sago starch yielding mainly L (+) lactic acid and small 

amount of acetic acid. This study was utilizing gelatinized sago starch to enhance the 

hydrolysis process carried out by the cells. 

1.3 OBJECTIVES 


The main objectives of this study are: 


• 	 To observe the effects of different sago starch concentration on direct L(+) lactic 

acid production by Enterococcus faecium No 78. 

• 	 To analyze the glucose residues in the broth sample after the fermentation process 

finished. 

4 
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CHAPTER TWO 


2.0 LITERATURE REVIEW 

2.1Lactic acid 

Lactic acid (2 hydroxy propionic acid) is the most widely occuring carboxylic acid in 

nature. It was firstly being discovered in 1780, but only started being produced in 1881 at 

Littleton, Massachusetts USA (Narayanan et at., 2004). Lactic acid exists in two isomeric 

fonn, L (+) and D (-) lactic acid. 

Lactic acid can be produced either by chemical synthesis or by fermentation process. 

Production of lactic acid by fermentation is more preferable in terms of the end product. 

Fennentation can yield either L (+) or D (+) lactic acid or racemic mixtures of both 

isomeric forms whereby chemical mean yields only racemic mixtures of both forms. 

Productions ofL (+) lactic acid have many industrial applications because it is consumable 

by humans and animals. Human beings and animal only have enzymes (L- lactate 

dehydrogenase) that can degrade compounds derived from L (+) lactic acid. D (-) Lactic 

acid will accumulates in blood resulting in diseases Ilike acidurea and/or decalcification 

(Vishnu et al., 2002). 

Lactic acid is soluble in water and water miscible organic solvents. It is nonvolatile, 

odorless and has mild acidic taste compared to other organic acid. It is classified as GRAS 

(generally regarded as safe) by FDA in US (Narayanan et al., 2004). 
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are many uses and application of lactic acid. The latest application discovered by 

i'esaan::hers is in making lactic acid polymer or PLA (polylactic acid polymer). Polylactic 

id polymer is a biodegradable thermoplastic polymer. This polymer is transparent and 

if degradation can be controlled by adjusting the composition and the molecular weight. 

property is the same of petroleum derived plastics. This polymer has many future 

ical applications because of its biodegradable characteristic. It can be used as sutures, 

orthopedic implants, drug controlled and etc. Other than that, lactic acid has many 

pbannaceutical and cosmetic applications and also in formulations of topical ointments, 

lotions, anti acne solutions, dialysis applications and for anti carries agent (Narayanan et 

aI.,2004). 

In food industry, lactic acid can used as an acidulant, flavouring, pH buffering agent or as 

III inhibitor of bacterial spoilage in a wide variety of processed foods. It is also a very good 

preservative and pickling agent (Narayanan et ai., 2004). Some of the examples of these 

products are yogurt from milk, sauerkraut from fresh cabbage and pickles from cucumber. 

6 
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2.2 Enterococcus faecium No 78 

Enterococcus f aecium no 78 belongs to Enterococci genus. Enterococcus faecium are gram 

positive, non motile and facultatively anaerobic bacteria. These bacteria generally are 

spherical to ovoid cells, chiefly in pairs and short chain. Enterococcus faecium can survive 

in wide range of temperature, between 4 DC to 45 DC, capable of growth at 6.5% NaCl, and 

can survive for 30 minutes in 60 DC. They are lactic acid bacteria and give final pH of 4.0

4.4 in glucose (Manero and Blanch, \999). The utilized strain, like other Enterococcus 

faecium strains are gram positive, aerotolerant anaerobes, acid-forming bacteria, which can 

occur in singles or pairs. Enterococcus faecium no 78 have an optimal pH at 6.5 and 

temperature at 30 DC. Identification of Enterococcus faecium No 78 was carried out by 16S 

rONA and sugars fermentative test. Strain no 78 was first identified as Enterococcus 

durans and Enterococcus faecium after 16S rONA result was obtained. Sugars 

fermentative test was carried out to distinguish the Enterococcus faecium and 

Enterococcus durans. As the result of sugars fermentative test, strain no 78 was identified 

as Enterococcus faecium No 78 (Manera and Blanch, 1999). This strain was first isolated 

from puto, a fermented rice cake in Phillippines (Flores et aI. , 200 \). It is an amylolytic 

bacterium which has an ability to directly ferment the sago starch producing solely L (+) 

lactic acid. 
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2.3 Modified MRS medium 

MRS (de Mann Rogosa and Sharpe) was developed for the cultivation and enumeration of 

Lactobacillus spp from various species. It is developed as a substitution of tomato juice 

agar. The medium i suitable for most lactic acid bacteria. It contains mixed peptone, yeast 

extract, beef extract, glucose, potassium phosphate, sodium acetate, ammonium citrate, 

magnesium sulphate, manganese sulphate, and tween 80. Tween 80, Sodium acetate, 

Magnesium sulphate and Manganese sulphate act as growth stimulant. In this study, the 

glucose content in the medium was replaced by gelatinized sago starch as the sole carbon 

source. The concentration utilized was depending on the fermentation trial. There are two 

constituents that were not included in the media preparation because both of them were not 

available in laboratory. The items were Ammonium citrate and Tween 80. 

2.4 Sago starch 

Sago palm is an abundance crops which can be found mainly in Sarawak. This crop grows 

well in harsh swampy area in coastal belt of Sarawak. Mukah, Dalat and Igan are the 

planting area in Sarawak, where Mukah become the largest producer. 50% of sago product 

in Sarawak comes from Mukah planting area (Bujang and Ahmad, (999). It is a perennial 

crop which does not need any replanting work. It is because the sucker from the clump will 

grow up to form new palm. There are two main species of sago palm in Sarawak, 

Melroxylon rumphii (thorny trunk) and Metroxylon sagu (thornless trunk). 
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ere are two types of Metroxylon sagu in Sarawak, one with the smooth trunk and the 

ther which trunk is covered with clasping bases of leaf petioles (Sim, 1985). 

e maturity of sago palm varies from 10-12 years depends on the palm type and soil 

ility. The productivity of sago per land area is the highest among other starch crops. 

go generates 25 .3 tons/ha of starch per year (Bujang and Ahmad, 1999), whereas rice 

nly generates 6 ton/ha, corn 5.5ton/ha, wheat 5 ton/ha and potato 2.5 ton/ha. In Malaysia, 

e export of sago starch to the world market is exclusively from Sarawak. The main 

importers of our sago are Japan and Singapore (Sim, 1985). There is 90,000 tons of sago 

roduced annually which 60% of this total number is domestically consumed. 

cal people of Sarawak especially the Melanau have utilized sago yield as their staple 

foods. The Melanau people also have various food recipes using sago flour such' linut', 

rampai', sago dumplings in egg gravy, sago chop suey, sago curry, sago stuffed suntong, 

voury sago pancakes, sago with coconut milk, sago broth, sago hot pot, sago pudding, 

go cones and tabaloi biscuits (Sim, 1985). In industry, sago has been commercially used 

nproduction of monosodium glutamate, noodles caramel and crackers (Jong, 200 I). 

ago starch has shown a great potential in the future as the raw material for synthesis of 

vironmentally fri endlier products like ethanol and biodegradable plastics. Nowadays, 

go barks and fibers have been used as a fuel for boiler in the sago processing factory. 

is has solved the waste disposal and pollution problems faced by the factory. In 
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~ition, this also serves as an alternative to fossil fuel for power generation which is 


.lIlbn-Olst cost-free (Jong, 200 I). 
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CHAPTER THREE 


1 Sago starch 


sago starch was obtained from local supermarket. 


Enterococcus faecium No 78 

is study was carried out using Enterococcus faecium No 78. The stock culture was 

_'~""'n in 10 ml modified MRS-sago starch media for 18 hours at 30°C. The revived stock 

was maintained in 20% glycerol at ultra low temperature of -84°C. 

~1~1'f);~nr,r1L~faecium No 78 was cultured in 20 ml modified MRS-sago starch media . 

.................t MRS-sago starch media with 10 giL starch concentration was used in inoculum 

10% (v/v) of inoculum was utilized in every fermentation trials. 

ru" ",-.,."",,,u starch broth was utilized in the fermentation system. Starch concentration of 15 

was used in the fi rst trial. It was then continued by 20g/L, 30 giL and 40glL in each 

I 1 




types of enzyme were utilized in hydrolyzed starch process. The enzymes were 

'M'rft!llrnvl 120 L (novozymes, Denmark) and AMG 300 L (novozymes, Denmark). 

Batch fermentation 

gH~"" fermentation is a closed fermentation system. All the nutrients required for one run 

be introduced before the cultivation start (except for molecular oxygen in anaerobic 

lImoce~ss and addition of chemical reagents for pH maintenance). There was no feed added 

(Yamane, 1995). Batch fermentation gives advantages because of its low 

. amtenanc:e and risk of contaminations (Bujang, 2005). 

1 Activation ofEnterococcus faecium No 78 

vial from a stock culture, which had been kept in the freezer at -80°C, was used. The vial 

ining Enterococcus faecium No 78 in 20 % glycerol was used. To refresh the cells, 50 

from this vial was transferred into a tube containing 10 ml of modified MRS-sago starch 

"'~IILI"I. This tube was incubated at 30°C for 18 hour. 

Inoculum preparation 

lation of pre-culture medium in giL was: 0.27 gelatinized sago starch, 0.27 peptone, 

135 yeast, 0.27 beef extract, 0.054 Di-potassium phosphates, 0.135 Sodium acetate, 

.,.'\lVj Magnesium suplhate and 0.001 Manganse sulphate. For each 30 ml of pre-culture, 3 

12 



come from the refreshed cells. The amount for each reagent was calculated for 27 ml 

mixed with 27 ml of distilled water. This was prepared in 50 ml shake flask and 

izes at 121·C for 15 minutes. 

Fermentation system 

. rrmentati()D was conducted in 500 ml shake flusk with 300 ml working volume. It was 

.......".11 out in a shaker at 30·C with 200 rpm of agitation. 

was done every 6 hour starting from 0 hour until 30 hour. Ten ml of 

.rlm~ntlltlcm liquor was taken, which 1 ml was acquired for viable cell count, 5 ml for 

sugar analysis and another 4 ml for other analysis. The samples obtained were 

in refrigerator at 4·C prior to analysis. 

ANALYTICAL TECHNIQUE 

1 Viable cell count 

is a direct method to measure the growth of microorganisms in the fermentation 

~!itel1n. It is the most accurate measurement in counting number of living microorganisms. 

ml of sample was added into 9 ml of 0.1 % peptone water. Serial dilution was performed 

"'lgtrlg from 10-1-10-1°. 100 J.11 of the diluted sample was then pipetted onto MRS-sago 

agar. 1.5% agar strength was utilized in the preparation method. The MRS-sago 

13 




agar plate was then incubated for 48 hours at 30°C in the incubator. Colonies formed 

then counted and the results were presented in 10glO viable cell count. 

Hydrolyzed sago starch 

starch was hydrolyzed for the purpose of observing the glucose content in the 

mtllentati<>n liquor. Five ml of the sample was used in this analysis. The method used was 

_ ..., . ., ..., Reducing sugar analysis 

",lL1\N;:K; produced from the hydrolyzed starch was determined using Di-Nitrosalicylic acid 

) method (Miller, 1959). DNS contain I % Sodium hydroxide, 0.2 % phenol, 0.05% 

sulphite and 1% Sodium hydroxide. I % Sodium hydroxide was dissolved in 

water and stirred in strong magnetic stirrer. 1% DNS powder and 0.2% phenol 

dissolved into the NaOH solution. The prepared reagent was kept in a reagent bottle to 

crystallization or any chemical reaction when exposed to the light. 0.05% Sodium 

,...n ln .... was added to the reagent just prior to use. Absorbance for the assay was read at 

nm using spectrophotometer. 

14 
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Residual starch analysis. 

sago starch samples were analyzed using iodine-starch colorimetric method. Starch 

~ec:ulc,s formed complex when reacted with iodine solution. The assay for conducting 

analysis contain I ml of appropriately diluted sample (100111 of samples and 900111 of 

water), 0.1 ml of iodine solution (0.2 g of 12 and 2.0 g of KI in 100 ml distilled 

and sufficient volume of distilled water to bring the volume to 100 ml. Absorbance 

the assay was read at 590 nm using spectrophotometer. 

Lactic acid determination 

acid yield were determined usmg High Performance Liquid Chromatography 

procedure (water 2487), which have been developed and modified in the 

.Dra1tory. 20 III of the sample were injected into the system (detection temperature 60°C, 

rate 0.6 ml/min). I mM of H2S04 (filtered and degassed on Whatman 0.45 11m 

tml'nII1e filter) was utilized as the mobile phase. Concentration of lactic acid produced 

calculated from the lactic acid calibration curve, plotted between area of lactic acid 

known concentration of99.9% pure L (+) lactic acid (SupeJco, USA). 
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CHAPTER FOUR 

TS AND DISCUSSION. 

study. four different sago starch concentration were used to analyze their effects on 

acid production by utilizing Enterococcus faecium No 78. This strain of bacteria was 

to perform direct fermentation on sago starch producing L (+) lactic acid. The 

for lactic acid production and other analysis that have been done were reported 

1 Batch fermentation for 15 gIL sago starch 
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1.0: overall results for batch fermentation of 15 giL sago starch concentration 

gil sago starch concentration, initial pH obtained was 6.5. The final pH in the broth 

5.96. There was only slightly decrease of pH throughout fermentation, indicated that 
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