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Abstract  
 
Conventional mutagenesis and mutant library screening has long been used to generate 
mutant strains of Lactic Acid Bacteria with improved physiological and genetic characteristics. 
This approach was proved to be successful in the fermentation industry by supplying isolates 
capable of tolerating operational conditions. Acid development and persistence during dairy 
fermentation and poor growth are the main hindrances the industry is facing. There in order to 
alleviate this problem observed in Ethiopian cottage and industrial dairy fermentation, this 
study was designed with objectives of screening and selecting elite mutant and wild types 
isolates with improved acid tolerance and elevated growth performance. Hence, mutant library 
of Lactic Acid Bacteria and their respective wild types were screened for acid tolerance at 
various temperatures. The Survivors were evaluated for growth performance at 25, 35, 45 and 
55 °C and pH 7, 6 and 5. Two mutant isolates (MAS03 and MAB18) and their respective wild 
type isolates (B6S01 and A6B08) were found be better performing and were selected for 
growth monitoring test. Acid stress tolerance (pH 3 and 4) was found to be higher at 35 °C and 
12 hours of incubation. The growth performance of mutant isolates was found to excel the wild 
types at pH 7, 6 and 5. Mean Optical Density as high as 8±0.00 were measured at 45 °C and 8

th
 

hours by the mutants type MAB18. Similarly at pH 6 Optical density 6.712±0.025 was observed 
at 35 °C and 12

th
 hour of incubation by the other mutant type MAS03. However, the respective 

wild types performance at the respective conditions were 2.417±0.021 (A6B08) and 2.999±0.001 
(B6S01). The mutant types’ lag time was as short as 2 and 4 hours at pH 7 and 6, and 35 and 
45°C while it took the wild types 6 to 8 hours. The mutants were found be robust in faster 
exponential growth, stress tolerance and highly reduced lag time. These traits are desirable 
industrially; therefore, considering them for cottage and industrial dairy processes could 
reduce production cost and boost productivity.  
 
Keywords: Fermentation, Growth, Lactic Acid Bacteria, Mutagenesis, Screening, Stress tolerance 
 
Introduction  
 
Lactic Acid Bacteria (LAB) are a large group of gram-positive bacteria predominantly used as starter 

culture in the manufacture of fermented and functional foods
[1-4]

. Their role in dairy fermentation is 

crucial as they are responsible for the production of lactic acid, acetaldehyde, acetic acid and diacetyl 

which give dairy products longer shelf life, better texture and aroma
[5,6]

. In addition, LAB in the 

fermentation process demonstrated antimicrobial effect by secreting bacteriocins that prevent the 
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proliferation of opportunistic pathogens and spoilage microbes. However, conditions that are present 

during the manufacturing process of dairy products such as higher operational temperature, aeration, 

acidic pH, water activity and related factors are observed to affect the performance, stability and even 

viability of LAB 
[7,8]

. 

These conditions are mentioned being associated with reduced cell biomass yield as the lag time is 

longer
[9]

. In addition lower enzyme activity is manifested during lactic acid production
[10]

 and a 

relatively reduced anti-microbial agent (bacteriocin) production and increased susceptibility to 

bacteriophage phage attack  are the negative outcomes of the processing conditions inflict on LAB 

performance
[11]

. Even though most industrial LAB based fermentation process are carried in buffered 

mediums or in which the pH is tightly regulated, the operational temperature and the heat generated 

exceeds the optimal functional range of LAB. In most cases, the industrial dairy fermentation process 

is characterized by temperature values close to or higher than the optimal range (45 °C) which makes 

prolonged fermentation process less and less effective along time
[12]

. 

Therefore, in order to mitigate the hindrances the dairy fermentation industry has been facing that are 

attributable to the decrement in performance of LAB, classical methods of generating robust strains 

has long been utilized. These traditional methods rely on screening and selection elite LAB from their 

natural habitat (fermented products) on the basis of their relative adaptation and proliferation profile 

amid the adverse fermentation condition they operate
[14,15]

. These approaches though effective in 

generating novel and elite LAB isolates have their own disadvantages
[16]

. As a result, a once highly 

productive and effective LAB strain may loose its robustness reducing the quantity and the quality of 

the production output. In addition, the physiological and genetic basis of natural adaptation is time 

consuming, often less reproducible and highly resource intensive
[8,13,17]

. Alternatively genetic 

engineering precisely modifies, introduces or excises-out genes or parts the DNA associated with 

adaptation, proliferation and performance of organisms
[12, 18]

. However, the robustness of the method 

is often doubted as incorporation of Genetically Modified Organisms (GMO) in dairy, food and 

beverage industry has not yet get its popular acceptance and there are legal issues associated with it 

in most 
[19]

.  

In the contrary, conventional mutagenesis (random mutagenesis) is a widely accepted approach 
adopted to boost the performance of LAB starter cultures 

[7,8,12,17,18,20,21]
.This method is simply initiated 

by exposing the candidate LAB isolates to physical mutagenic agents such as UV or gamma 
irradiation or chemicals mutagens (Ethidium bromide, N-Methyl-N-Nitroso-Guanidine, Ethyl Methyl 
Sulfonate etc.) and introduces diversity

[8,22]
. Several studies indicated that the robustness of the 

method in improving tolerance to stressed growth environments and higher potential for increased 
production of secondary metabolites and other desirable metabolic activities

[19,23-25]
. The main 

advantages of conventional mutagenesis are (i) generates food grade strains with reputation of 
Generally Regarded as Safe (GRAS) (ii) established by taking isolates already at hand or by isolating 
them from locally available samples, avoiding the disadvantages sought in natural screening of huge 
LAB library and selection procedure 

[4,8,12,18-20]
. 

 
Hence, this study was initiated  

 To screen and select acid tolerant LAB from mutant library construct generated by ethidium 

bromide mutagenesis and wild type LAB isolated form Ethiopian traditionally fermented milk. 

 To monitor the growth performance of the acid tolerant mutant LAB relative to the wild type 

parents 

 To point out and set recommendations that favor the development of fermented dairy products 
using mutant and wild type isolates both in  cottage and industrial fermentation condition.  

 
Materials and Methods 
Wild and mutant type LAB isolates used 
Wild type parents A6B08 and B6S01 belonging to Lactococcus sp. and Lactobacillus sp. respectively 
and a total of 80 mutant type isolates (40 isolates from each parental lines) from the previous work of 
Sewunet et al.

[26]
 were recovered from deep freezer (-80°C) and refreshed on MRS broth (Fluka 

Analytical, India) media three times. 
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Screening the wild and mutant type isolates for pH and Temperature Tolerance 

Hundred microliters of fresh inoculum of the wild and mutant type isolates was prepared by adjusting 

the cell concentration spectrophotometrically (Novaspec II, Amersham Biosciences, Inc., UK) to 

Optical Density (OD) of 0.1- 0.5 at 600nm. The standardized inoculums were inoculated into 5 mL 

MRS broth (Fluka Analytical, India) with pH set at 3 and 4. The tubes were then incubated aerobically 

at 15, 25, 55 and 65°C for 24 hs. Following the incubation the tubes were examined visually for 

turbidity (growth) and isolates that showed turbidity were considered for further study. The method 

used was adopted from techniques mentioned and with few modifications to attain better 

results
[15,24,25,27-30]

. 

pH and temperature stress test 

A factorial arrangement of two acidic pH points (3 and 4) and four incubation temperatures were set. 

One milliliter of standardized (OD600nm=0.1-0.5) fresh cultures (18 h) of both the wild and mutant type 

isolates were inoculated in to 50 mL of MRS broth (Fluka Analytical, India) with pH adjusted to 3 and 4 

using 0.1N HCl and incubated for 12 h aerobically at the 15, 25, 45, 55 and 65°C with occasional 

shaking. OD readings were taken at 600nm using spectrophotometer prior to incubation and every 

two hours after that following the methods mentioned
[24,26,27,31,32]

. The Survival Ratio (SR) at was 

calculated using the following formula described by Gibson et al. 
[33]

 and Suree et al.
[34]

.  

 

Where: Atx= absorbance at reading 2
st
, 4

th
, 6

th
, 8

th
 10

th
 and 12

th
 hour of incubation and At0= 

absorbance reading at the beginning of incubation.  

The survival ratio results were interpreted as:  

 SR> 1 indicates bacterial growth despite the preset culture condition  

 SR =1 indicates bacterial survival was not affected by the preset culture condition    

 SR = 0.5 indicated a loss of half the viable cells present in the culture 
 

Growth at acidic, near neutral and neutral pH and varying incubation temperatures 

Factorial arrangement of three pH points 5 (acidic), 6 (near neutral) and 7 (neutral) of MRS broth of 50 

Ml were set and inoculated with 1 mL of fresh and standardized cultures of the mutant and wild type 

isolates. The cultures were incubated at 25, 35, 45 and 55°C for 12h. Growth was monitored 

spectrophotometrically at 600nm taking measurements at the start of incubation and on the 2
nd

, 4
th
, 

6
th
, 8

th
 10

th
 and 12

th
 h of incubation 

[24,26,27,31,32]
. 

 
Statistical Analysis 

A factorial completely randomized experimental design was implemented to determine the individual 

and interactive effect of incubation condition (pH, temperature and time) on survival and growth of the 

mutant and wild type isolates. The ANOVA procedure was carried out using SAS 9.2 software and 

means were separated using Tukey’s model at 95% confidence interval.  

 
Results 
Screening and selection of the wild and mutant type isolates 

The screening test for the wild and mutant type isolates revealed the two wild types isolates (A6B08 
and B6S01) and two of the mutant types MAS03 (mutant type of A6B08) and MAB18 (mutant type of 
A6B08) adapted the stress and were able result in turbidity in the medium. Therefore, they were 
selected for further tests. 
 
Survival of the wild and mutant type isolates at pH 3 and 4 
The two wild type isolates used in the study were found to be resistant to the acidic growth condition 
compared to the mutant type isolates. In addition to maintaining viability, it was observed that the 
mutant types were relatively proliferating at a significant rate compared to the mutant type isolates. 
The highest mean SR score (1.039) corresponds to B6S01 (Lactobacillus sp.) which indicates a 3.9% 
rise in population relative to the respective initial figure (Table 1). The two mutant types even though 
their SR scores confirmed their ability of survival or maintaining maximal viability in the test growth 
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conditions, there relative performance was lower than their wild type parents. However, MAS03, the 
mutant type descent of B6S01, was found to be better performing (mean SR=1.005) compared to 
MAB18, the mutant type descent of A6B08 (mean SR =0.999) (Table 1). 
 

Table 1: Mean Survival Ratio (SR) of the mutant and wild type isolates 
 

Isolate 
Genera and 

Genome status 
Mean 

SR 

Effect of incubation 
temperature 

Effect of initial 
incubation pH 

Effect of 
incubation time 

Temperature 
value (°C) 

Mean 
SR 

pH 
value 

Mean 
SR 

Time (h) 
value 

Mean 
SR 

B6S01 
Lactobacillus sp. 
wild type 

1.039
a*

 
15 1.014

b
 3 1.016

a
 0 1.000

e
 

A6B08 
Lactococcus sp. 
wild type 

1.017
b
 

25 1.013
bc

 4 1.014
a
 2 1.001

e
 

MAS03 
Mutant type of 
B6S01 

1.005
c
 

35 1.050
a
  4 1.031

b
 

MAB18 
Mutant type of 
A6B08 

0.999
d
 

45 1.011
bc

 6 1.002
ed

 

 
55 1.005

cd
 8 1.009

dc
 

65 1.0
d
 10 1.011

c
 

  12 1.051
a
 

*means with the same letters are not statistically different at p<0.05 

 

There was an apparent effect of incubation temperature on the survival ratio values of the isolates. 

Higher SR values were observed at 35°C, at which not only the isolates survived maintained growth 

despite the preset extreme fermentation conditions. Whereas the least scores belong to 65 °C at 

which the growth was halted but the survival potential remained positive with no population reduction. 

However, there was no statistically justifiable difference in the mean SR among 15, 25, 45 and 55 °C 

in supporting the growth of the isolates in addition to keeping their growth and proliferation intact 

(Table 1). Nonetheless, the SR values indicated that growth was maintained despite the low pH 

values the isolates were subjected to. The effect of incubation time on the SR of the isolates tested 

indicated that, maximal survival and growth being attained at the12
th 

and 4
th 

hs of incubation 

respectively. There was no statistically significant difference among 0 and 2
nd

 hour incubation and 6
th
, 

8
th
 and 10

th
 hours of incubation (Table 1). 

Effect of pH, temperature and incubation time on the growth of the wild and mutant type 
isolates 
 

The individual and interaction effect of pH, temperature and incubation time on the growth of the 

mutant and wild type isolates was found to be highly significant on the growth of both the wild and 

mutant type isolates (p<0.0001). The mean separation ANOVA procedure and comparison indicated 

that mutants were the best performers compared to their respective wild type parents. However, 

MAS03, the mutant type the Lactobacillus sp. (B6S01), was found to excel the remaining three 

ingrowth performance (Table 2).  The growth performance of the mutant types at pH 7 and 6 excelled 

the wild type parents (Figure 1, 2 and 3). The highest mean OD values were observed at pH 6 

(OD=8±0.00) at 45 °C and 8
th
 h of incubation (Figure 3), and at pH 7 (OD= 6.712±0.025) at 35 °C and 

12
th
 h of incubation (Figure 2). Both highest mean OD scores belonging to the mutant types MAB18 

and MAS03 respectively. 

 

In the contrary, the respective wild types growth performance at the respective conditions was 

2.417±0.021 (Figure 3) and 2.999±0.001 (Figure 2).The lag time at both pH values (7 and 6) and 

incubation temperatures 35 and 45°C, for mutant types MAS03 and MAB18 was as short as 2 and 4 

hs while the wild types took at least to end the lag phase of their growth stage. 
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Table 2: Mean growth performance comparison of the wild and mutant type isolates 
 

*means with the same letters are not statistically different at p<0.05 

 

 

 

Figure 1: Growth performance of A6B08 (left) and its mutant type MAB18 (right) at pH 7 and 

four temperature levels 

 

 

Figure 2: Growth performance of B6S01 (left) and its mutant type MAS03 (right) at pH 7 and 

four temperature levels 

 

Isolates Time (h) Temperature (°C) pH 

Tukey’s 
grouping 

Mean 
OD 

Tukey’s  grouping Mean OD 
Tukey’s 

grouping 
Mean 
OD 

Tukey’s  
Grouping 

Mean 
OD 

MAS03
a
 1.537 12

a
 2.126 45

a
 1.923 7

a
 1.493 

MAB18
b
 1.513 10

b
 1.825 35

b
 1.563 6

b
 1.394 

B6S01
c
 1.036 8

c
 1.644 25

c
 0.656 5

c
 0.702 

A6B08
d
 0.699 6

d
 1.033 55

d
 0.643  

 
4

e
 0.663 

 2
f
 0.551 

0
g
 0.537 
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Figure 3: Growth performance of A6B08 (left) and its mutant type MAB18 (right) at pH 6 and 

four temperature levels 

 

 
Figure 4: Growth performance of B6S01 (left) and its mutant type MAS03 (right) at pH 6 and 

four temperature levels 

The growth performance of the mutant isolates at pH 5 still excels the wild type counterparts. The 
highest mean OD values at this pH values were achieved by MAS03, 2.674±0.009, at two incubation 
temperatures (35 and 45 °C) and 12

th
 h of incubation time (Figure 6). The other mutant was able to 

attain mean OD of 2.377±0.003 at 45 °C and 12
th

 hour of incubation (Figure 5). However, the 
respective wild types (B6S01 and A6B08) growth performance was by half below their mutant types 
with values being 1.158±0.004 at 35 °C and 1.107±0.0135 at 55 °C (Figure 5 and 6). Even though the 
time it took to enter log phase is longer than the results observed in pH 6 and 7, at pH 5 the mutant 
were observed to have lesser lag time compared to their wild type counterparts at temperatures. 
 
It was observed that the highest and relatively higher mean OD values were attained at the 35 and 45 
°C incubation temperatures. But at the two extreme temperatures (25 and 55 °C) the wild type 
isolates performed better than the mutant type isolates (Figure 5 and 6). At 55 °C the highest mean 
OD achieved was 1.107±0.014 at 12

th
 h of incubation by A6B08 (Figure 5). In addition, the same 

isolate was able to reach OD value of 0.701±0.00 at 25 °C and 12
th
 h of incubation (Figure 5). The 

mean growth results of the rest isolates at the respective temperatures was barely higher than the 
initial inoculum size. The majority of pick growth points were reached at 12, 10 or 8 hs of incubation 
times. However, the mutant isolates were able to reach better or even maxima OD values as early as 
the 4

th
 h of incubation compared to the wild type isolates. MAS03 was able to score mean OD 

2.24±0.003 and 1.794±0.018 at pH 7 and 6 respectively at the 4
th
 hour of incubation (Figure 2 and4). 

The performance of the respective wild type, B6S01 was found to be 0.79±0.004 and 0.603±0.001 
(Figure 2 and 4).     
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Figure 5: Growth performance of A6B08 (left) and its mutant type MAB18 (right) at pH 5 and 
four temperature levels 

 

 

Figure 6: Growth performance of B6S01 (left) and its mutant type MAS03 at pH 5 and four 
temperature levels 

Discussion 
The initial screening has led to the rational selection of two mutant types (MAS03 and MA18) and their 
respective wild types (B6S01 and A6B08). The rest 78 mutant library population were not able to 
demonstrate growth or better survival. It was suggested that the random mutagenesis induced by 
ethidium bromide onto the genome of two study mutants has little negative impact on the strains 
survival.  While the 78 mutant populations were unable to perform well compared to the two elite 
mutant or their wild type parents which could be due to the genomic lesions they sustained. This was 
confirmed the selected mutants, though lesser in SR values compared to the wild type parents, have 
shown a measurable survival potential as their wild type parents. However, the rest mutant population 
were severely affected, hence, segregated, as it was demonstrated with poor stability and SR values. 

The finding was in accordance with the findings of Saarela et al.  [35]
 in which acid tolerance of two 

LAB mutants were studied. 
 
The mutant types in this study along with their wild type counter parts were able to endure acidic 
values as low as 3 and 4. Such strains are the prime candidates in numerous industrial fermentation 

process as they can reduce the production cost. This potential benefit was also supported by Patnaik 
et al. [23]

 in which the authors were able to generate mutants with improved acid tolerance meeting the 

requirements of industrial fermentation. Thus, proving the effectiveness of the natural selection and 
mutant library screening procedure used in this study. The success of this finding was shared and 
found to be a similar study conducted by Sewunet et al. 

[26]
. However, the survival ratio results 

recorded at pH 3 and 4 revealed the wild type isolates were slightly better performing than the mutant 
type isolates. The adaptation potential of the microbes is directly related to shifting their cell 
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membrane components in response to environmental stress, which was in accordance with the 

findings and conclusions drawn by related study 
[36]

. In addition, Aline 
et al.

 [37]
 suggested membrane 

integrity and viability potential at such harsh growth conditions were found to be the most important 
factors that affect the growth of LAB, supporting the findings made by the current study.  
 
The effect of incubation time, pH (3 and4)  and temperature on the survival ratio of the isolates was in 
accordance with the reports of Sheeladevi et al.

[38]
. However, the 12

th
 hour survival ratio values 

excelling the early incubation hours (0, 2 and 4
th
) are indicative of the fact that the isolates could have 

resumed and most probably continued to grow had the test incubation time was extended. This could 
be justified by the findings of Patnaik et al. 

[23]
 which suggested the lack of an apparent effect of pH 3 

and 4 on survival of the isolates is less justified as the environmental tolerance of pH is a complex and 
a poorly understood physiological phenomenon. It was observed that, in spite of the low pH 
environment, there was an increase in growth with an increase in temperature. However, there was a 
decrease as the temperature exceeds 45 °C, which could be resulted from reduction in the production 
of stress related molecules at higher temperature values. This finding was supported by a similar 
study conducted by Asa et al. 

[39]
.It was also suggested that the wild type isolate favored the lowest 

temperature at the lowest pH level, which could be due to it higher potential of producing the cold 
shock proteins secreted in a pH and temperature stressed environment better than the mutant 
isolates, as mentioned in the works of the same authors 

[39]
. 

 
The growth performance of the mutant isolates at pH values 7, 6 and 5, demonstrated that the 
mutants developed a potential to proliferate much faster compared to their wild type parents. This 
result could be attributable to the impact of mutation the mutants acquired during the conventional 
mutagenesis by ethidium bromide treatment as mentioned in the similar work on LAB 

[26]
. The limiting 

factors that hinder the growth of Lactic Acid Bacteria at theses pH ranges, are temperature and lactic 
acid accumulation which is directly proportional to glucose depletion following fermentation by the 
isolates. This result was in agreement with the works of  Sheeladevi  et al. 

[38]
 which concluded 

likewise. In this case the mutant isolates were sound to tolerate the mentioned factors and were able 
to grow faster reaching the highest mean OD as early as the 2

nd
 and 4

th
 h of incubation at 35 and 

45°C. This was in contrast to the reports of 
[40]

 which stated at these pH conditions the maximum 
concentration of LAB cells during fermentation decreases at 45°C as the cells start to lose their 

activity. However, Marzugi et al.[41]
 reported that lower lag time and strong exponential growth 

depends on inoculum quality at large. Hence, suggesting that the exceling quality and performance of 
the mutants relative to their wild type parents could be attributable the mutagenesis procedure and the 
effective screening and selection scheme adopted as discussed in related works on mutant and wild 
type LAB 

[23, 25]
. 

 
The proliferation of the mutants characterized by strong exponential growth and devoid of a significant 
lag phase was in contrast to reports of Marzugi et al. and Chramostova et al. 

[41,42]
 which suggested 

such achievement is attributed to the cultivation of cells at 37°C and longer incubation time (17h) 
compared to the one used in this study. However, in diary fermentation processing in which yogurt is 
fermented at higher temperatures or close to 43°C. Similarly the processing temperature of most 
fermented products demand temperature range between 37 to 45°C for maximal microbial action and 
quality product production as mentioned by Kianoosh et al. 

[43]
, consequently, this scenario is usually 

associated with poorer LAB action. However, the mutants screened and selected were found to 
experience lower lag phase as low as 2 hours and strong exponential growth even at 45°C. Generally, 
the improvements and the tendency of not being affected by growth conditions observed has let us to 
a conclusion that the single or multiple mutations the mutants hosted positively affected one or more 
genes involved in growth regulation, adaptation, stress tolerance and metabolic pathways. Such 
positive impact and its detection using effective mutant library screening has long been the core 
advantage conventional mutagenesis.  
 
Conventional mutagenesis and mutant library screening is therefore proved to be a relatively cheaper, 
manageable and safer compared to genetic engineering techniques. Mutants generated in this study 
will guarantee reduced production costs attributable to their strong exponential growth rate (increased 
cell mass), reduced lag time and stress tolerance. Studies conducted by using this method 
(conventional mutagenesis and mutant library screening) 

[8,12,18,22-25,27-31,35,39,44-50]
 also resulted in 

similar achievements and the conclusions drawn by the respective reports were in accordance with 
the ones’ made by the current study. 
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Conclusion 
 
Random mutations incurred during conventional mutagenesis could have multiple impacts both 
desirable and undesirable. However, careful screening and selection methods could guarantee the 
maximal harvest of mutants with improved beneficial traits. In this study the two mutant types 
recovered from a library of 80 mutants proved to have increased growth rate with reduced lag time 
compared to their wild type parents. Specially their performance at pH 5, 6 and 7 and temperature 
values of 45 and 55°C will make them preferable and effective in fermentation processes that operate 
at these conditions. In addition fermentation conditions that demand higher cell density with reduced 
lag time could be benefiting if these mutant isolates are deployed into action. 
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