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Effect of Yeast Extract Concentration on Lactate Fermentation 

Rubena Malfia binti Kamaldin 
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University Malaysia Sarawak 


ABSTRACT 

In this study, the effects of east extract at different concentration (0 giL, 2g1L, 5g1L, and 
10gIL) was examined for the production of lactate by Lactococcus lactis 10-1. The batch 
fermentation processes was conducted at initial pH6, temperature of 370 C and agitate at 200 
rpm. The pH was uncontrolled throughout the study. The fermentation was carried out using 
the shake flasks. From the result obtained, there is not much different on lactate concentration 
at different yeast extract concentration. However, at 0 giL yeast extract concentration, the 
fermentation efficiency was 45.45% higher compared to at 2g1L yeast extract concentration 
which was 38.92%, at 5g1L yeast extract concentration was 36.66% and at 10 giL yeast 
extract was 22.57%. Overall, when concentration of yeast extract is lower, it will result in 
higher residual glucose, thus needed longer period for complete consumption. 

Key words: yeast extract, batch fermentation, difference concentration, shake flasks, lactate 
concentration, 

A BSTRAK 
Dalam kajian ini, perbezaan kepekatan yis ekstrak (0 giL, 2g1L, 5 giL, dan 10 giL) dikaji 
untuk penghasilan laktat oleh Lactococcus lactis 10-1. Proses Jermentasi berkelompok 
dijalankan pada permulaan pH6, suhu 3'1 C dan kocakan pada 200 rpm. pH tidak dikawal 
sepanjang kajian. Fermentasi dijalankan menggunakan kelalang goncangan. Daripada 
keputusan yang ditunjukkan,tiada perbezaan ketara di kepekatan laktat pada kepekatan yis 
ekstrak yang berbeza. Walaubagaimanapun, pada kepekatan 0 giL yis ekstrak, kecekapan 
fermentasi ialah 45.45% lebih tinggi dibandingkan dengan kepekatan 2 giL yis extrak iaitu 
38.92%, pada 5glL kepekatan yis extrak adalah 36.66% dan pada kepekatan 10 giL yis 
extrak ialah 22. 57%.Keseluruhannya, apabila yis ekstrak berkepekatan rendah, ia akan 
memberi keputusan yang tinggi pada penggunaan glukosa, yang mana memerlukan 
jangkamasa yang panjang untuk mmnghabiskan penggunaan. 

Kata kunci: yis extrak, Jermentasi berkelompok, kepekatan berbeza, kelalang 
goncangan,kepekatan laktat, 

1 




,..... 


1.0 INTRODUCTION 

The fennentation is a process of breakdown of carbohydrates material by selected bacteria, 

aerobic or anaerobic and commonly pathway to produce ATP without oxygen. There are two 

types of fermentation, lactate and ethanol fermentation. 

Lactic acid fermentation is the important commercial fermentation processes nowadays. It 

occurs in anaerobic organisms or in aerobic cells. Lactic acid widely uses in food, cosmetic, 

pharmaceutical, energy, textile dyeing and chemical industries. Lactic acid being one of the 

most important organic acids has attracted enormous attention due to its high potential to be 

used in the manufacture of biodegradable plastics (Hipolito, 2001). Replacement of 

petrochemical based plastic by biologically derived plastics from natural material that would 

be reducing petroleum using a very costly synthesis process which is too expensive for plastic 

production (Anon, 1995). Another advantage for lactic acid production by the fermentation of 

homofermentative lactic acid bacteria is does not released carbon dioxide (Ishizaki et at., 

1993) 

Sago palm (Metroxylon spp) is a species of palmea that produce starch. Sago starch that was 

obtained from sago palm is cheap and abundant locally. Using sago starch as a carbon source 

in the lactate fermentation can produce polylactate economically. Sago starch is hydrolyzed 

into glucose and subsequently used as substrate for lactate production. The use of sago starch 

gives advantage for fermentation process. The cost of fermentation process using sago starch 

can be reduce because hydrolysis of 62kg sago starch produce 60kg glucose (98% recovery) 
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and the total cost is RM 55.94, equivalent to RMO.90/kg sago starch. The net income from 

batch fermentation is RM6, 126.00 (Committee State Level, 2003). 

In this case study, yeast extract is used as a source of nitrogen for the Lactococcus lactis 10-1 

cell growth. Besides, yeast extract contain vitamins and the inorganic micronutrients or trace 

elements such as magnesium, manganese, zinc, ferum, calcium, cuprum and molybdenum 

which is required as contaminant in other medium components ( Greasham and Herber, 

1997). Yeast extract was obtained by the autolysis that manufactured from water-soluble. 

Autolysis is the process that concentrates on the yeast cells that die and break up by the 

natural enzyme, which break their proteins into similar compound. It shown that, protein was 

the highest yields of yeast extract formation, more than 44% (Wan, 1983). 

The objective of this study case is to study the effect of yeast extract concentration on lactate 

production during the batch fermentation. 
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2.0 LITERATURE REVIEW 

2.1 Yeast extract 

Yeast extract or yeast autolysis is produced from autolyzed yeast cells that were 

manufactured from water-soluble fractions. Autolysis is the process by which the natural 

enzymes in the yeast cells break down the cell proteins into polypeptides, peptides and amino 

acids (Wan, 1983). Amino acids are considered to be the growth factors required for the 

cultivation of microorganism such as Lactococcus lactis 10-1. Not only that, it is also may be 

utilized as carbon when the primary carbon source (glucose) becomes limited in medium 

(Greasham and Herber, 1997). This water soluble material separated from the undigested cell 

matter processed and evaporated under to produce yeast extract (Wan, 1983). Vitamins B 

were essential for efficient production of lactic acid (Hipolito, 2001). Besides, it is also rich 

with ribonucleic acids, which is the highest proportion of riboflavins. Yeast extract can be 

classified as flavor donors and flavor enhancer. It has been used in many food industries. 

From the history, particularly during wartime, it is used to provide protein as a supplement to 

the human diet (Ross and Harrison, 1993). 

2.2 Lactococcus tactis 10-1 

Lactococcus lactis 10-1 that is used in this research is a homofennentative bacteria which is 

very effective in converting both glucose to L-lactate more than 90% (Ishizaki et al., 1990). 

The optimum growth temperature of this organism is 37°C at pH 6. It can grew under both 

anaerobic and microaeorophilic conditions. It is gram positive coccus, which is avoided in 

shape with 0.8-0.9 J.lm width and 1.1-1.2J.lm in length. The strain was isolated from water in 

the drain pit of a kitchen sink in Fukuoka-Shi Japan. The Lactococcus lactis 10-1 strains 
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required glutamic acid, leucine and valine as essential amino acids for growth and lactate 

production which were found to be essential in its growth fonnulation media (Hipolito, 

2001). Besides that, the strains also be able to grew in 6.5% NaCl. 

2.3 Lactic acid 

Lactic acid (2-hydroxypropanoic acid, 2-hydropropionic acid) was produced by either 

fermentation or synthetic method. It is widely used in food, cosmetic production, plastics, 

solvents and textile dyeing, phannaceutical industries and to aid in preservation (low pH) 

(Bujang et ai., 2001). Lactic acid produced in food as an acidulate and preservative more than 

50% (Hipolito, 2001). Nowadays, lactic acid become a main source for made of plastic to 

replace petroleum which in the source will be limited for a several years more in Malaysia. 

2.4 Sago starch 

Sago palm (Metroxyion spp) is a species of pal mae producing sago starch. More than 90% of 

the sago planting area is found in the state of Sarawak particularly 75% in Mukah, Igan, Oya

Dalat district of Sibu Division,and Pusa-Saratok district of Sri Arnan Division (Bujang and 

Ahmad, 1999). Sago palm grows near the river bank, swampy areas and humid soil. The pith 

of sago palm is the unusual source for sago starch (Jolhery, 2001). Sago starch is not only 

used in the production of high fructose syrup and glucose, but it is also used in the 

manufacturing of food additives and as recyclable through conversion of the starch of biofuel 

(Bujang and Ahmad, 1999). 
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2.5 Batch fermentation 

Batch culture system represents growth in a closed system or environment using shake flasks 

or fennenter that contains a suitable growth supporting medium. This system operates under 

the optimum temperature at 37°C and it is conducted at pH6.This is inoculated with cells until 

some essential component of the medium is exhausted or the environment changes because of 

the accumulation of a toxic product that changes in pH (Scragg, 1991). Batch fermentation is 

being used for the fermentation of lactic acid because batch processing is flexible and readily 

adaptable to different needs (Hipolito, 2001). Batch process requires all nutrients to be 

available during one run of cultivation. All nutrients are added to the medium before the 

cultivation started and the broth containing the product is withdrawn only at the end of each 

ruo. 
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3.0 MATERIALS AND METHODS 

3.1 MATERIALS 

3.1.1 Sago starch 

Industrial grade sago starch powder is obtained from the market. 

3.1.2 Yeast extract 

The yeast extract (Difco Laboratories, Detroit, MI, U.S.A) was provided from the 

biochemical lab. 

3.1.3 Enzymes for Sago Hydrolysis 

Two types of commercial enzymes used for enzymatic hydrolysis of sago starch are 

Temlamyl-120L ( thermostable amylase from Bacillus licheniforms, 120 KNU/g) and 

Dextrozyme ( a mixture of glucomylase from Aspergillus niger and pullulanase from Bacillus 

acidopu/lulyticus, 225 AGU/mL). 

3.1.4 Lactococcus lactis 10-1 

The microorganism used is Lactococcus lactis 10-1 from JCM with optimum growth 

temperature at 37° C. 

3.1.5 Shake Flask. 

The fennentation was carried out in 250ml shake flasks with working volume of 200ml for 

30 hours with mild agitation (200rpm) in order to maintain a homogenous culture, the initial 

pH is controlled at 6.0. 
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3.2 METHODS 

3.2.1 Activated Bacteria from Stock Culture 

Stock culture was incubated in TGC medium without dextrose at 37°C for 18 hours. It was 

maintain at 4°C in Thioglycolate medium and stored for up to two weeks. Seed culture was 

prepared by inoculation of Lactococcus lactis 10-1 in TGC medium without dextrose into 

inoculum medium that was autoclaved and incubates for 6 hours at 37° C. 

3.2.2 Enzymatic Hydrolysis of Sago Starch 

Sago starch is hydrolyzed into glucose and subsequently used as a carbon source for lactate 

production (refers appendix C for the complete hydrolysis process). Centrifugation of the 

hydrolysis sago starch is carrying out with KUBOTA 8800 at 5000rpm for 15 minutes at 4° C 

followed by autoclaving at 121°C for 15 minutes before can used as a carbon source in 

fennentation process. 

3.2.3 Fermentation Process 

Fermentation process was conducted using 250ml shake flasks. The fermentation system was 

conducted until 30 hours with initial pH set at 6, temperature at 37°C and agitation rate at 

200rpm. Inoculum and basal media consisted of 10g/L yeast extract, 10glL polypeptone, 5 giL 

Natrium Chloride and deonized water. An amount of 50glL glucose is added in basal media, 

meanwhile, 10glL glucose is added in inoculum media. In this case study, the concentration 

of yeast extract in basal media is varied at OglL, 2g1L, 5g1L and 10glL (while 10glL will be 

used as a control). A 10 % (volume/volume) inoculum is used for all fermentation trials. 

8 




3.2.4 Sampling 

An aliquot of 10 ml of sample is taken from shake flask every 6 hours manually and stored at 

4°C before further analysis. 

3.2.5 Analytical Techniques 

3.2.5.1 Dried Cell Weight Determination 

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

growth ofcell rate during fermentation (refers appendix B for complete process). 

3.2.5.2 Reducing Sugar Analysis 

DNS method is used to determine the amount of glucose that being used by Lactococcus 

lactis 10-1 during fermentation (refers appendix B for complete DNS mixture and method). 

3.2.5.3 Lactic Acid Determination. 

Lactic acid was determined using HPLC (Water 1515 Isochratic HPLC Pump) with UV 

Detector (Water 2487 Dual Absorbance Detector). l.OmM sulfuric acid was use as a mobile 

phase and the flow rate was set at O.6mllmin. 20~L of he sample was injected into the column 

using autosampler 25 ~L. 
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4.0 RESULT AND DISCUSSION 

4.1 RESULT 

4.1.1.Effect using 0 gIL yeast extract on lactate production 
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Figure 4.1.1: Effect using 0 giL yeast extract on lactate production 

Based on figure 4.1.1, the starting glucose concentration was 53.9 giL at 0 hour and it was 

declined to 50.1 giL after 6 hours, a consumption of 7.05%. The rate of glucose 

consumption was slow. At 12 hours, the residual glucose was 49.2 giL, a consumption of 

8.71 %. Maximum dry cell weight was achieved at this hour with the amount of 0.31 giL and 

produce lactate at 2.89 giL. After 18 hours, the concentration of residual glucose was 47.3 

gIL and slowly reduces to 46.9 giL at 24 hours and then 46.4 giL at 30 hours. The slow 

consumption of glucose from 6 hours to 30 hours might be due to the decline in cell 

metabolism ofLactococcus lactis 10-1. Besides, the lactate concentration increased slowly. 
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4.1.2. Effect of 2 giL yeast extract on Lactate production 
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Figure 4.1.2: Effect using 2g1L yeast extract on lactate production 

Initial stage of the fennentation process, the rate of glucose consumption was reduced from 

54.7 gIL (0 hour) to 46.4g1L after 18 hours; a total consumption of 8.0 giL or 14.8%. During 

this hour, the maximum lactate was produced at 3.27 giL with dry cell weight of 0.31 giL. 

After 30 hours, lactate produced was 3.2 giL with glucose reduced to 45.4 gIL. The effect of 

using 2 giL yeast extract concentration shows 0.26 giL increase in lactate. At the end of the 

fennentation, glucose consumption was 9.3 gIL. 
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4.1.3. Effect of 5 gIL yeast extract on Lactate production 
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Figure 4.1.3 : Effect of 5g1L yeast extract on lactate production. 

Based on figure 4.1.3, effect of 5 giL yeast extract on lactate production produce 1.18 giL 

lactate at 0 hour with starting glucose was 51.2 giL. The lactate can be produce during 0 hour 

because of bacteria activation in inoculum media. The glucose concentration reduces to 48.2 

gIL after 6 hours, a consumption of 5.85 % and then reduces to 45.7 giL after 12 hours. The 

maximum lactate production was 3.41 giL after 24 hours with the 18.16% consumption of 

glucose. Not all of glucose converts to lactate. The Lactococcus lactis 10-1 also required 

glucose for prolific purpose. The lactate production at 5 giL yeast extract not much differs 

when compared to the production at 2 giL yeast extract. 
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4.1.4 Effect using 10 giL yeast extracts on Lactate production 
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Figure 4.1.4: effect using 10 giL yeast extract on lactate production. 

At 0 hour, the concentration of residual glucose was 49.1 giL and this declined to 45.9 gIL 

after 6 hours, after consuming 3.2 giL or 6.5% glucose. The lactate produced after 6 hours 

was 2.92 gIL with dry cell weight of 0.32 giL. After 18 hours, lactate produced was reach at 

3.37 gIL and the glucose consumption was 11.6 gIL or 23.62%. The maximum lactate 

production was 3.43 giL with the dry cell weight of 0.35 giL and the glucose consumption of 

15.2 gIL or 30.95% after 30 hours. These is little difference between the lactate production of 

5gIL yeast extract and 10 gIL yeast extract which was only 0.02 giL. 
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4.1.5: Comparison on glucose production, biomass concentration and glucose 
consumption between different yeast extract concentration 

4.1.5.1: Effects of using different yeast extract on glucose concentration. 
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4. 1.5.2: Effects of using different yeast extract on lactate production 
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4.1.5.3: Effects of using different yeast extract on biomass concentration 
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..........- yeast extract (5 giL) _ yeast extract (10 giL) 

o giL yeast 2 giL yeast 5 giL yeast 
Parameter extract extract extract 

Initial glucose (giL) 53.9 54.7 51.2 
Residual Qlucose (Q/L) 47.3 46.3 41.9 

Glucose consumption (giL) 6.6 8.1 9.3 
Glucose consumption efficiency 

(%) 12.24 15.35 18.16 
Lactate concentration (gIL) 3.0 3.27 3.41 
Fermentation efficiency (%) 45.45 38.92 36.66 

Dry cell weight (giL) 0.31 0.31 0.37 

30 

10 giL yeast 
extract 

49.1 
33.9 
15.2 

30.95 
3.43 

22.57 
0.35 

Table 1: Conversion of difference concentration of yeast extracts concentration on lactate 
production. 
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4.2 DISCUSSION 

The difference concentrations of yeast extract give an effect on the biomass production, 

lactate production and the consumption of glucose concentration. The lactate concentration 

produced between this four difference concentrations of yeast extract were almost similar. 10 

gIL yeast extract produce 3.43 giL lactate, 5 gIL yeast extract produce 3.41 giL lactate. 

Besides, 2 giL yeast extract produce 3.27 giL lactate where as the control (without yeast 

extract) shown the lowest lactate production which is 3.0 gIL. According to the lactate 

concentration, there are not much different between these four yeast extract concentrations. 

Therefore, we can choose either 5 giL or 2 giL yeast extract in a way to reduce the cost of 

fennentation process. According to Hipolito (200 I), yeast extract is an important source for 

biomass production compare to polypeptone. Therefore, without yeast extract in basal media, 

the production of lactate was insufficient. 

The higher fermentation efficiency was obtained at 0 giL yeast extract which was 45.45% 

compared to the concentration of 2 giL yeast extract which was 38.92%, at 5 giL yeast 

extract concentration was 36.66% and 10 giL yeast extract concentration was 22.57%. The 

lower the amount of yeast extract added in the fermentation media shows that, the higher the 

fermentation effic iency. This trend shows that the cells only produce lactate. It seems that 

without or at low yeast extract concentrations, the ability of the cells to grow was decreased. 

The fermentation process was carried out by using the shake flasks because it was a good 

choice when small working volume is used (100-250 ml) with many parameters to be tested. 

It also one way to save cost and the replication of any parameter could be done. 
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Unfortunately, the pH was not controlled along the fermentation process when using shake 

flasks. An uncontrolled pH will cause the acidic condition in media and thus it would fail the 

breeding ofthe Lactococcus lactis 10-1 and lactate production. 
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5.0 CONCLUSION. 

The effects of different yeast extract concentration on lactate production were tested and the 

results show there is not much difference on lactate concentration. However, at lower yeast 

extract concentration, the ability of cells growth was decrease. Therefore, the biomass shows 

the lower concentration. According to the result obtained, 2 giL and 5 giL yeast extract were 

preferable due to the higher fennentation efficiency and thus it leads to a better growth of 

Lactococcus lactis 10-1 and fortunately the cost of yeast extract can be reduced. 
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