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Effects of Yeast Extract Concentrations on Biomass and Production of Bcateriodn 

Khairunnisa Binti Othman 

Resource Biotechnology Program 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 

Optimum glucose and yeast extract concentrations for nisin Z production was analyzed on 
Lactococcus lactis 10-1 where different glucose and yeast extract concentrations were 
supplemented into the fennentation medium. Glucose with concentrations of 15g11 and 
30gll were tested with yeast extract at different concentrations of 10gl1 and 20gll. From the 
results obtained, a combination of 30gll glucose and 10gll yeast extract showed production 
of nisin Z that was higher than standard fermentation at 15.25 log AU/ml with specific 
productivity at 1.24 x 1012 AU/g-DCW. The increased was recorded at 1.28 fold higher 
than standard fennentation using 30gll glucose and 5g1l yeast extract. The other 
parameters recorded reductions in nisin Z production as to compare with standard 
fermentation. The best combination of glucose and yeast extract for nisin Z production is 
at 30gll and 10gli respectively and clearly, using 10gl1 yeast extract was better than 5g11 
and 20gll. 

Keywords: Nisin Z, glucose, yeast extract, fennentation medium 

ABSTRAK 

Kepekatan optimum glukosa dan ekstrak yis untuk penghasilan nisin Z diana lis is ke atas 
Lactococcus lactis 10-1 di mana kepekatan glukosa dan ekstrak yis yang berbeza 
dibekalkan kepada medium fermentasi. Glukosa dengan kepekatan 15g/1 dan 30g/1 diuji 
dengan ekstrak yis pada kepekatan 10g/1 dan 20g//. Daripada keputusan yang diperolehi, 
gabungan glukosa 30g/1 dan 10g/1 ekstrak yis menunjukkan penghasilan nisin Z yang lebih 
tinggi daripada fermentasi standard pada 15.25 log A V/ml dengan penghasilan secara 
spesijikpada 1.24 x 1012 AV/g-DCW. Peningkatan yang d~catatkan adalah 1.28 kali lebih 
tinggi daripada fermentasi standard. Lain-lain parameter mencatatkan penurunan dalam 
penghasilan nisin Z apabi/a dibandingkan dengan fermentasi standard. Gabungan 
glukosa dan ekstrak yis terbaik untuk penghasilan nisin Z adalah masing-masing pada 
30g/1 dan 109/1 danjelas penggunaa 10g/1 ekstrak yis adalah lebih baik daripada 5g/1 dan 
20g//. 

Kata kunci: Nisin Z, glukosa, ekstrak yis, media fermentasi 
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1.0 Introduction 

Bacteriocins are antimicrobial substance produced by lactic acid bacteria. Bacteriocin is 

produced as a means of survival when the bacterial lineages were introduced into a 

stressful environment such as nutrient depletion or overcrowding (Riley and Gordon, 

1999; Chen and Hoover, 2003). The bacterial lineages will produce this proteinaceous 

substance which causes elimination of other microbial cells living in the same niche. This 

characteristic allows bacteriocin to be use in food industry as it is able to enhance food 

safety and extend food's shelf life (Schillinger et aI, 1996, Chen and Hoover, 2003). 

Nisin is the first bacteriocin that has been commercially used. It is also has received 

recognition from World Health Organisation (WHO). About 50 countries in the world are 

using nisin as food additives and preservatives (Chen and Hoover, 2003). Nisin are 

produced by Lactococcus Lactis and is used widely as food preservative due to its broad 

antibacterial activity against Gram-positive spoilage and pathogenic bacteria 

(Pongtharangkul and Demirci, 2006). 

The ability of lactic acid bacteria in producing bacteriocin is dependent on the amount of 

nutrient availability in fermentation medium where adequate amount of nutrient will 

improve cell growth. The increase in amount of nutrient will aid in the increase in the 

amount of bacteriocin produce until a certain plateau value is reached (Leroy and De 

Vuyst, 2001). 

'east extract is usually supplemented in fermentation medium as it can act as the source 

ofmtrogen and vitamin for growth oflactic acid bacteria (Norton et ai, 1994). The amount 



of yeast extract added will affect the growth of cells, biomass concentration and also 

production of bacteriocin. However, lactic acid bacteria can only consumed up to certain 

amount of yeast extract. The increase in yeast extract concentration will only become a 

waste. 

Thus, the aim of this study is to observe the effect of different yeast extract concentration 

on the production ofbacteriocin by Lactococcus Lactis 10-1 and detennined the best yeast 

extract concentration for bacteriocin production as well as to maximize the production of 

bacteriocin for usage in food preservatives. 
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2.0 Literature Review 

2.1 Nisin 

Bacteriocins are proteinaceous substance produced by bacteria and this is proved by the 

ability of prot eases to inhibit the activity ofbacteriocins. Even though bacteriocins possess 

antibiotic activity, it does differ from therapeutic antibiotics which can potentially illicit 

allergic reactions in human that is by being proteinaceous and possessing a narrow 

specificity of action against strains of the closely related species. Bacteriocins are also not 

lethal to the producer cell where it is the proteins produced during growth without lysis of 

the producer. These bacteriocins are commonly classified into 3 groups that are Class I, 

Class II and Class III. Among common bacteriocins are colicin, nisin and sakacin. 

Nisin is a type ofbacteriocin that belongs to Class I-type A lantibiotics which produced by 

Lactococcus /actis. Six fonn of nisin has been discovered ranging from A to E and Z. 

According to Chen and Hoover (2003) Nisin A and Nisin Z differ in tenns of the 

substitution of a histidine residue for an aspartic acid. The producer cells protect 

themselves from the effect of nisin due to posttranslational process where protein 

synthesized as pre-peptide, some of amino acid residues are posttranslationally processed 

to generate the active protein molecule. 

Nisin is a heat stable compound with the ability to inhibit the growth of gram positive 

bacteria such as Listeria, Bacillus and Clostridium and also food spoilage organisms and 

pathogens (Sakhamuri et aI, 2004). Due to this, nisin has been widely use in food industry 

as food preservatives. Other than that, nisin can be digested by digestive enzyme just like 

3 




other dietary protein in human digestive system. Therefore it has no effect on the colonic 

microflora (Chinachoti, 1997). 

2.2 Lactococcus lactis 10-1 

Lactic acid bacteria (LAB) occur naturally in several raw materials like milk, meat and 

flour used to produce foods (Rodriquez et aI, 2000; Savadogo et aI, 2006). Food 

fennentation use LAB as natural or selected starters in food fermentations in which they 

perfonn acidification due to production of lactic and acetic acids flavour (Savadogo et aI, 

2006). Lactic acid is the preferred bacteriocin producer as lactic acid bacteria and it 

metabolites did not show any adverse effects despite the consumption of these bacteria in 

high quantities by countless generation of people. 

Lactococcus lacus 10-1 is one of lactic acid bacteria that are use in production of lactic 

acid and bacteriocin. Lactococcus lactis 10-1 can grow in anaerobic as well as 

microaerophilic condition. Analysis on the amino acid composition of the peptide 

indicated that it have an excess of asparagine and deficiency of histidine when compared 

with nisin A (Chinachoti, 1997). This shows that Lactococcus lactis 10-1 are able to 

produced nisin Z which have primary metabolite kinetics like many bacteriocins of other 

lactic acid bacteria (Matsusaki et aI, 1996; De Vuyst and Vandamme, 1992; Chinachoti, 

1997). 
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2.3 Yeast Extract 

Yeast extract is a product of a process called autolysis which occurs when yeast cell is 

inactivated. This process involves the hydrolysis of peptide bond which results in the 

release of insoluble part of yeast cell. The soluble components of yeast that still left is 

what been called as yeast extract. Brewer's and baker's yeast are the common source of 

yeast extract. 

Yeast extract has been widely used as ingredients in foods, feeds and fermentation 

(Peppler, 1982; Selmer-Olsen and Sorhaug, 1998; Champagne et ai, 2003). Since yeast 

extract is rich with nitrogen, vitamin and other growth factor it is added in culture media 

as nitrogen source as well as growth factor. Based on studies done by Cheigh et al (2002) 

3% yeast extract added on basal medium without nitrogen source had stimulated the 

biomass production of L. lactis subsp lactis A164 and bacteriocin activity achieved 

maximum level. 

However, too much nitrogen source will also cause reduction in bacteriocin production 

since bacteriocins are highly produced in stress environment which include limitation in 

nutrient availability. Based on study done by Kim et al., 1997, relative nisin production 

rate by Lactococcus lac tis subsp lactis A TCC 11454 was not directly proportional to the 

specific growth rate. Low nutrient concentrations lead to higher specific nisin production 

rate than higher nutrient concentrations (Verluyten et ai, 2004). Increased in nitrogen 

source of MRS medium cause specific bacteriocin production ofLactobacillus amylovorus 

DeE 471 become reduced (Callewaert and De Vuyst, 2000, Verluyten et ai, 2004). 
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2.4 Bacteriocin Bioassay Agar 

There are a few quantitative measurements for bacteriocin activity such as agar wen 

diffilsion, spot-on-Iawn and disk assay method. All three of these tests are dependent on 

the indicator microorganisms used. Indicator microorganisms chosen must be sensitive 

towards the bacteriocin produced. As for Nisin produced by Lactococcus lactis, most 

gram-positives bacteria are susceptible towards this bacteriocin which includes different 

species of Enterococcus, Lactobacillus, L. monocytogenes and prevents outgrowth of 

Bacillus spp. and Clostridium spp. and bactericidal to their vegetative cells. These are 

based on studies done by Cintas et ai, 1998 and Meghrous et ai, 1999. 

Spot-on-lawn test applied the serial twofold dilution of samples before the diluted samples 

were spotted on the agar. The soft agar needs to be seeded with indicator microorganism 

where halo will form as the growth of indicator microorganisms are inhibited by the 

bacteriocin. Agar usually is incubated overnight before zone of inhibition can be seen. 

However, the zone had actually already formed a few hours after the incubation start. 

Besides of the bacteriocin activity, the density of indicator microorganisms also affecting 

the zone ofinhibition produced. 
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3.0 Materials and methods 

3.1 Materials 


3.1.1 Llu:tococcus lactis 10-1 


Lactococcus lactis 10-1 JCM 7638 (Japanese Collection ofMicroorganism, RIKEN) 


3.1.2 BaciUus amiloliquefaciens 


Bacillus armloliquefadens UMAS 1002 (Apun et ai, 2000) 


3.1.3 Thioglycolate (fGC) without Dextrose 


TGC without Dextrose was used for incubation of Lactococcus lactis 10-1 for 18 hours at 


31'C and kept in the same medium with 70% distilled water and 30% glycerol at -84°C. 


3.1.4 Nutrient Broth (NB) 


NB was used for incubation of Bacillus amiloliquefadens for 48 hours at 37°C. The same 


medium was also use for storage of Bacillus amiloliquefaciens in 70% distilled water and 


300Al glycerol at -84°C. 


3.1.5 Medium 


3.1.5.1 Inoculum Medium 


The inoculum medium consist of 10 gil glucose (Sigma, USA), 5 gil yeast extract (Difco, 


USA), 5 gil polypeptone (Becton Dickinson, USA) and 5 gil NaCI (UNIVAR, 


AUSTRALIA) in 90 ml. 
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3.1.5.2 Fermentation Medium 


Fermentation medium consist of 30 gil glucose (Sigma, USA), 5 gil yeast extract (Difco, 


USA), 5 gil polypeptone (Becton Dickinson, USA) and 5 gil NaCI (UN1VAR, 


AUSTRALIA). This was used as control. The fennentation were repeated with 10 gil and 


20 gil yeast extract. The later were repeated using 15 gil glucose. 


3.2 Methods 


3.2.1 Stock Culture Activation 


LactOCOCetlS lactis 10-1 were propagated at 37°C for 18 hours in TOC medium without 


Dextrose by transferring single colonies from the stock culture that was kept at -84°C. 1 


m1 ofstock culture was transferred into 9 ml ofTOC medium without Dextrose. 


3.2.2 Seed Culture Preparation 


10 m1 of Lactococcus lactis 10-1 culture was added into inoculum media and incubated at 


3t>C for 6 hours at pH 6. The optimal density for this stock culture in inoculum media 


were at or more than 1. The optimal density will be checked using spectrophotometer at 

[" 

562 run wavelength. 

3.2.3 Batch Fermentation 

Nisin fermentation perfonn using lL fennentation medium in Bioreactor at 37°C with 

agitation of 500 rpm and pH of 5.5 where this pH were adjusted by addition of 10M 

NaOH and 2M H2S04. Fermentation was run for 48 hours. 

8 
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3.2.4 Sampling 

20 m1 of fermentation broth were sampled out for every 12 hours. Samples were then 

centrifuge at 6000 rpm for 15 minutes at 4°e. The supernatant were kept at -20oe until 

analysis. 

3.2.5 Nisin Bioassay Agar 

20 m1 of basal agar were poured into plate. The soft agar was cooled until 400e or less 

before 1 % ofBacillus amiloliquefaciens seeded into the soft agar. 5 mI of seeded soft agar 

were poured onto basal agar. 

3.2.6 Analytical Technique 

3.2.6.1 Nisin 

Nisin produced were quantitatively tested by spot-on-Iawn antimicrobial assay (Mayr

Harting, 1972; Chen and Hoover, 2003). The samples were twofold serially diluted with 

sterile distilled water and 10)l1 of sample was spotted on the surface of the agar. The plates 

were incubated at 37°e for 48 hours. The reciprocal of the highest dilution (2n) showing a 

visible zone of inhibition was defined as the bacteriocin titer. Thus, Nisin activity unit 

(AU) per milliliter was defined as 2n x 1 000)l1 / 10)ll. 

Specific bacteriocin production which is the yield of bacteriocin per unit of cell mass, was 

calculated based on equation (Parente and Hill, 1992): 

B-Bo = VB/XX (X-Xo) 

Instantaneous and initial bacteriocin activity represent by B-Bo and X-Xo represent the 

instantaneous and initial biomass concentration. YB/X is the specific productivity of 

cteriocin activity. 
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3.2.6.2 Determination of Biomass by Dry Cell weight (DCW) 


Samples were centrifuged in graduated centrifuge tubes at 6000 rpm for 15 minutes at 4°C. 


Cells were then suspended with distilled water and re-centrifuged at 6000 rpm for 15 


minutes at 4°C. The supernatant were discarded. The pellet was then dried at 70°C for 24 


hours or until the weight is constant. Next, the graduated centrifuged tube was reweighed 


and the DeW was detennined. 


3.2.6.3 Glucose 


Glucose was analyzed using biosensor bf-5 (Oji Scientific Instrument). 


3.2.6.4 Lactic Acid 


Lactic acid was analyzed using lactic acid strip, Accutrend Lactate. Samples were diluted 


20 times before analyzed. 
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4.0 Results and Discussion 

4.1 Results 

4.1.1 Production of nisin Z in Batch Fermentation 

In this study, the effects of yeast extract concentration and biomass on the production of 

nisin Z by Lactococcus lactis IO-1 were investigated by using two different yeast extract 

concentrations, lOgIl and 20gll as well as two different glucose concentrations, 15g11 and 

30gll with controlled pH. Standard fermentation using 30gl1 glucose and 5g11 yeast extract 

was use as control for this study. The results were shown in Table 1 and Figure 1. 

Table 1: Results of analyses for fermentation using 30g/1 glucose and 5g/l YE 

Time (hour) Dew (gil) Glucose (gil) L. acid (gil) Nisin (log AU/mI) 

0 1.74 31 .20 0.41 -
12 2.30 6.80 26.12 11.93 

24 1.75 0.02 27.20 11.63 

36 1.77 0.01 26.66 8.62 

48 1.12 0.01 26.30 6.21 

35 2.5 14 


12 
 30 
2-r: i 25 C .. n• 1.5 

-~8 20 
.i! ~...• ~ 15 :::::• 6 1 
u " I 4 ~ 10... 

0.5 
5 


0 


2 

00 
0 12 24 36 48 

time (hour~ 

-- Glucose (gil) L. acid (gil) -+- DeW (gil) - Nisin (log AUImI) 

JIpn 1: Fermentation using glucose 30g/l and yeast extract 5g/1 
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In this fermentation, highest nisin activity that is 11.93 log AU/ml is detected at the 12h of 

fermentation in which shows maximum biomass of 2.3g1l. Based on this, the maximum 

productivity of nisin Z is 1.52 X 109 AU/g-DCW. The production of nisin Z started to 

decline after the 12h with the decline in the biomass of Lactococcus lactis 10-1. Differ 

with lactic acid production where it shows maximum production at the 24h of 

fermentation in which biomass started to decline. Biomass started to decrease as the 

residual glucose left are also decreases from 6.80gl1 to only O.02g11. This shows that the 

glucose had been fully consumed by Lactococcus lactis 10-1 and it is no longer sufficient 

to support cell growth of the producer cells, thus the biomass declined. 
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4.1.2 Effects of glucose concentration 30gl1 and yeast extract 10gl1 on nisin Z 
. production 

The production of nisin Z is affected by the nutrient concentration supplied in the 

fermentation as these nutrients will not only support the growth of the producer cells but 

also needed in biosynthesis of nisin Z itself. Yeast extract is one of the major nutrients 

needed in nisin Z production as nitrogen and vitamin source for Lactococcus lactis 10-1. 

Thus, the effects of yeast extracts were studied by increasing the concentration of yeast 

extract supplemented in the fermentation broth. The results are shown in Table 2 and 

FIgure 2. 

Table 1: Results ofanalyses for fermentation using 30gl1 glucose and IOgil YE 

Time (hour) DeW (gil) Glucose (gil) L. acid (gil) 
I 

Nisin (log AU/mI) 

0 0.28 31.28 0.32 -
12 1.71 2.88 27.26 15.25 

24 1.58 0.04 30.25 14.14 

36 1.25 0.03 26.84 13.44 

48 1.11 0.03 26.93 8.94 

13 




35 1.818 

1.618 30 

1.414 1:1 

1 25 n -
 1.2 -. 
~112 

=120• 10 1 .: 

I 0.88 115

I 6 0.6!10• 

4 0.4 

5 0.22 

0 0 0 
0 12 24 36 48 

Time (hour) 

--  Glucose (gil) L. acid (gil) --+- DeW (gil) - Nisin (log AU/ml) 

JI'Ipre 1: Fennentation using glucose 30g/l and yeast extract 109/1 

The increased in yeast extract supplemented shows increased in the nisin Z production that 

is 1.28 fold higher as to compared with standard fermentation. The maximum production 

of nisin Z is 15.25 log AU/ml. Comparing this with the biomass, nisin Z productivity is 

1.24 X 1012 AU/g-DCW which higher than control (1.52 x 109 AU/g-DCW) which shows 

that the specific nisin Z production is higher by using yeast extract concentration of 10gll. 

The bighest biomass produced is 1.71g1l. This agrees with standard fermentation where 

the highest biomass was obtained at the 12h of fermentation that is the end of the log 

phase of Lactococcus lactis 10-1. The biomass also declined as the glucose residual 

cJec1ined and productivity of nisin Z is also decreases. Increased in yeast extract 

concentration supplemented also show increased in lactic acid production in which the 

jI'OCIuctivity oflactic acid based on glucose consumed is 1.0glg-C that is equal to 100%. 
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4.1.3 Effects of glucose concentration 30gll and yeast extract 20gll on nisin Z 
production 

Yeast extract concentration was further increased to 20gll. However, the maximum nisin Z 

production was lower than the control even a highest biomass was obtained. The 

maximum nisin Z activity for this fermentation is 9.53 log AU/ml with maximum biomass 

of 2.1 gil. This condition resulted in 0.8 folds reduction in production of nisin Z compared 

to control fermentation which shows that bacteriocin production will not increased even in 

a rich environment. The results are shown in Table 3 and Figure 3. 

Table 3: Results of analyses for fermentation using 30g/1 glucose and 20g/1 yeast extract 

TIme (hour) DeW (gil) Glucose (gil) L. acid (gil) Nisin (log AU/mI) 

0 0.51 29.15 0.41 -

12 2.10 0.66 17.11 9.53 

24 1.60 0.05 20.99 8.93 

36 1.43 0.05 14.23 8.07 

48 1.46 0.05 12.16 7.73 

35 2.512 

3010 
2 

• 
2S CI 

I 

1
n 
~ 1.5 C20 .:=

I I r~! 15 II /4 
10 

0.5 
2 5 

0 00 
0 12 24 36 48 

TinM(r-a-. 

- Gluco•• (gil) L acid (gil) --+- DCW (gil) - Nisin (log AU/ml) 

JIpre 3: Fermentation using glucose 30g/1 and yeast extract 20g/1 
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