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Abstract

This investigation describes three strains of Streptococcus thermophilus on the basis of production 

of acetaldehyde as aroma compounds. The strains under study (BN1, BN2 and BN3) were iso-

lated from Algerian raw milk and were identified according to microbiological, biochemical, and 
genetic criteria. The growth of the strains and the determination of acetaldehyde were performed 

on M17 medium added to 0.5 and 3% (w/v) of lactose and sucrose. It was observed that the 

produced biomass (log cfu/ml), reached high values in the presence of 3% (w/v) of lactose and 

sucrose compared to that posted with 0.5% (w/v). The strains appeared to produce acetaldehyde. 

This production was more powerful in the case of concentration 3% (w/v) of lactose and sucrose. 

Strain BN1 produced approximately 205±75µmol and 218±90µmol of acetaldehyde respectively 

in the presence of 3% (w/v) of lactose and sucrose. This ratio was significantly higher (P<0.01) 
compared to that quantified with strains BN2 and BN3.

Keywords: Streptococcus thermophilus, growth, lactose, sucrose, acetaldehyde production.

1. Introduction

Fermented dairy products have become commonly consumed food in many countries around 

the world.  These products were industrially developed using lactic acid bacteria, which were at 

the origin of an individual transformation process that affected the texture, flavour, quality, and 
the conservation of fermented dairy products [1]. Streptococcus thermophilus is one of the species 

that plays a great, interesting role for its contribution to the rapid transformation of lactose milk 

in lactate, the secretion of exopolysaccharides, synthesis of vitamins like folic acid, and produc-

tion of some flavour compounds such as acetaldehyde [2]. Acetaldehyde is the major component 
responsible for the typical flavour of yogurt and a number of cheeses [3-4]. It is produced by 

the two yoghurt bacteria: S. thermophilus and Lactobacillus bulgaricus, but S. thermophilus species 

is deemed to be a good acetaldehyde producer [3]. The exact mechanism for the production of 

acetaldehyde from S. thermophilus is not well understood. In general, it is formed directly from 

the pyruvate decarboxylation through the action of the pyruvate decarboxylase or indirectly 

from the acetyl – CoA, through the pyruvate dehydrogenase and aldehyde dehydrogenase [5-

6]. Moreover, acetaldehyde can be produced through the serine hydroxyl-methyl transferase 
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(SHMT), which catabolizes threonine into acetaldehyde and glycine [3]. SHMT is not the only 

shunt involved in the formation of acetaldehyde in yogurt, but also in the formation of glycine, 

serine, and significant amounts of folic acid [7]. 

Concerning this compound, the focus was on improving among other things of biosynthesis 

conditions, the composition of the culture media.  In this context, this work is interested to the 

screening of three strains of S. thermophilus by studying the effect of carbon source (lactose and 
sucrose) on the growth and production of this aromatic compound.

2. Materiel and Methods

2.1. Strains and Culture Conditions

Three strains of S. thermophilus BN1, BN2, and BN3 isolated from Algerian raw milk were used in 

this study. Strains were identified by phenotypic and biochemical criteria and confirmed by mo-

lecular methods as described by Bennama et al. [8]. They were routinely grown on M17 medium 

[9] containing 0.5% (w/v) of lactose (LM17) and incubated anaerobically at 42°C. 

2.2. Fermentation and Growth Parameters

Experimental cultures for growth were established using M17 medium containing as sole carbon 

sources 0.5 and 3% (w/v) of lactose or sucrose (LM17 or SM17) (Biochemika); adjusted to pH 7.0. 
Fermentation was initiated by inoculating the media with 1% (1x108 cfu/ml) overnight cultures of 

the studied strains. After 8h of fermentation at 42°C, viable bacterial counts were performed by 
serial dilution in peptone-saline water [[(1 g.l-1) and NaCl (8.5 g.l-1)]. Selected dilutions were then 

plated onto LM17 agar. Plates were incubated at 42°C for 48h; growth is expressed as log cfu/ml 
and analyzed by comparison to the initial rate of inoculation. Acidification that developed in the 
cultures was measured with a pH meter (Hanna Instruments, pH210 microprocesor pH meter). 

All experiments were triplicated.

2.3. Acetaldehyde Estimation 

Estimation of acetaldehyde was carried out under the same conditions outlined above with LM17 

or SM17. In order to avoid evaporation, it should be noted that cultures destined for these experi-

ments were prepared in centrifuge tubes hermetically sealed. However, acetaldehyde was deter-

mined after 8h of fermentation at 42°C. It was measured by spectrophotometer (Jenway J7305) 
using an assay kit (R-Biopharm: enzymatic bioanalysis, Germany), based on the reduction of the 

NAD to NADH in the presence of aldehyde dehydrogenase. All assays were repeated three times.

2.4. Data Analysis

In all experiments mentioned above, the values of results are the mean ±standard error. Statistical 

analysis was done with student’s test. 
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3. Results and Discussion

3.1. Growth of Strains in the Presence of Lactose and Sucrose

Bacteria obtain energy by multiple ways. Most of this energy is used in the biosynthesis of many 

metabolites or anabolism. Performance of different metabolic reactions depends essentially on the 
nature of the carbon source and its concentration. Thus in this work, the importance of the carbon 

source was checked with strains BN1, BN2, and BN3 of S. thermophilus by studying their growth 

in the presence of lactose and sucrose. These have been incorporated to M17 medium at final 
concentration of 0.5 and 3% (w/v). It is well known that S. thermophilus exhibits a highly affinity to 
grow on lactose; sucrose can also be used nevertheless with lower efficiency than lactose [10-11]. 
This affinity towards both carbon sources is related to the presence of a large variety of important 
genes and enzymatic equipment of sugar metabolism and central carbon pathways [11-12].

The results related to the increase in biomass (log cfu/ml) and pH variations after 8h of growth 
on LM17 and SM17 media are illustrated in figures 1 and 2. From these results, it appears that 
strains displayed a high level of growth with lactose and sucrose used at 3% (w/v). Compara-

tively to the initial rate of inoculation, the strains showed an average increase in the biomass of 

3.20±0.09 and 3.10±0.14 log cfu/ml respectively in the presence of 3% (w/v) of lactose and sucrose. 
A significant difference (P<0.05) in the biomass was only observed between the sucrose used at 
0.5 and 3% (w/v). 

During the growth, a significant decrease in the pH of the cultures was observed. The pH values 
decreased, in average, from 7.0 to 4.5 in the presence of 3% (w/v) of both carbon sources (figure 2).  
The pH decreasing over time raises the existence of a specific metabolic activity in the different 
fermentative pathways used by S. thermophilus, which acidifies the medium by the production 
of lactate or other acids [11]. Furthermore, it is important to point that the level of growth of the 

strains was not influenced by the decrease in pH, even after 24h of incubation (data not shown).

Fig 1. Mean values of increase in biomass (log 
cfu/ml) of the strains BN1, BN2 and BN3 after 
8h of fermentation at 42°C in LM17 and SM17 
media.

Fig 2. Mean values of pH   measured after 8h of 
fermentation at 42°C in LM17 and SM17 me-
dia inoculated with strains BN1, BN2 and BN3.
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3.2. Acetaldehyde Production    

The ability to produce acetaldehyde from a carbon source was determined in strains BN1, BN2, 

and BN3 in the presence of 0.5 and 3% (w/v) lactose and sucrose. The acetaldehyde amounts were 

quantified after 8h of incubation at 42°C (figures 3, 4). The results indicated clearly that the three 
strains produced acetaldehyde, but the production appeared closely related to the concentration 

of carbon source and strain-dependent. The amounts of acetaldehyde formed by the strains were 

proportional to the concentration of carbon source. In the presence of 3% (w/v) of either lactose 

or sucrose, the strains formed a high amount of acetaldehyde compared to the 0.5% (figures 3, 
4), with the exception of the strain BN2, which formed  about 83.50±4.90 and 85.20±4.00 μ mol 
respectively with 0.5% and 3% (w/v) of sucrose (P> 0.05).  However, the most potent acetalde-

hyde producer was BN1 strain.  It was capable of producing up to 205±75µmol and 218±90µmol 

of acetaldehyde with 3% (w/v) of lactose and sucrose respectively. This ratio was significantly 
higher (P <0.01) than the one produced by the BN2 and BN3 strains, which produced 70.50±3.70, 
85.20±4.00, 54±12 and 80±7μmol, respectively. These results indicate that there is variability in the 
amounts of acetaldehyde formed by the strains of S. thermophilus under study. This variability 

has been widely reported by many authors [3-13]. Moreover, Ayhan et al. [13] noticed a large 

variability in the amounts of acetaldehyde produced by 30 strains of S. thermophilus. Chaves et al. 

[3] signaled that the production of acetaldehyde appeared to be strain specific and variable. The 
same authors reported that the high levels of acetaldehyde were obtained when L-threonine was 

added to the culture medium. This observation was also reported by Bennama et al. [4].  

Fig 3. Acetaldehyde amounts (μmol) formed by the 
strains BN1, BN2 and BN3 after 8h of fermentation 
at 42°C in LM17 medium.

**: Highly significant difference (P<0.01) compared 
to mean values of acetaldehyde obtained with BN2 
and BN3 strains.

*: No significant difference.

Fig 4. Acetaldehyde amounts (μmol) formed by 
the strains BN1, BN2 and BN3 after 8h of fermen-
tation at 42°C in SM17 medium.

**: Highly significant difference (P<0.01) compared 
to mean values of acetaldehyde obtained with 
BN2 and BN3 strains.

*: No significant difference.

According to Ott et al. [5], the production of acetaldehyde in milk by lactic acid bacteria seems to 

be strain-dependent too. These authors also showed that glucose appeared as the main precursor 
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of acetaldehyde in milk fermented with S. thermophilus. They confirmed that the major produc-

tion of acetaldehyde was related to the glycolitic pathway. These observations explain the origin 

of acetaldehyde amounts formed by strains under study especially by BN1 strain.  Furthermore, 

Oïzer and Atasoy [14] reported that lactose hydrolysis induced by the β-galactosidase caused 
a significant increase in the level of acetaldehyde in yoghurt samples prepared using viscous 
starter cultures. The results of this study show that production of acetaldehyde by BN1 strain 

seemed efficient with lactose and sucrose, whereas for BN3 strain, the production was more 
important with 3% (w/v) of sucrose. 

4. Conclusion

In this study, it was found that strains synthesized significant amounts of acetaldehyde in the 
presence of 3% (w/v) lactose and sucrose. However, with 0.5% (w/v) small quantities were 

formed. The results reveal that acetaldehyde production was strain-specific and influenced by 
the concentration of carbon source added to the medium. Following these promising findings, 
it appears that depending on the strains of S. thermophilus, a determined concentration of carbon 

source constitutes one of the optimal conditions for the synthesis of acetaldehyde in this thermo-

philic species. This property, mainly for sucrose, could be useful in dairy technology to enhance 

natural production of this aroma compound by S. thermophilus.
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