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SUMMARY

Bacteria from the genus Lactobacillus are responsible for spontaneous food 

fermentations. Some species, as Lactobacillus casei and Lactobacillus brevis, have the 

“Qualified Presumption of Safety” status recognized by the European Food Safety 

Authority. Several of their strains are used as probiotics in foods, sometimes included in 

synbiotic combinations together with prebiotics. New microbial strains isolated from 

different sources represent an opportunity to use them for the production of traditional 

food products. 

The capacity of three selected strains (one isolated from Camel’s milk and 

identified by partial 16S rRNA gene sequencing as L. brevis, and two isolated from 

human colostrum and identified as L. paracasei/casei and L. brevis, respectively) were 

assessed in vitro for the ability to survive in gastrointestinal conditions (low pH and high 

bile salts concentrations). We also tested the capacity of growth and the production of 

organic acids and volatile compounds by HPLC and gas chromatography, respectively, 

when these bacteria were incubated anaerobically in the presence of inulin, 

fructooligosaccharides (FOS), or galactooligosaccharides (GOS) as the main carbon 

sources. The strains were able to survive in simulated gastrointestinal conditions and to 

grow in inulin, FOS, and GOS. However, they displayed different profiles of organic acids 

and volatile compounds, mainly depending on the microbial species and the prebiotic 

used. The influence that the combined use of strains and different prebiotics could exert 

on the organic acids and volatiles formed in food and in the gut, should be assessed for 

each synbiotic combination and food product. 

Keywords: Lactobacillus, inulin, fructooligosaccharides, galactooligosaccharides, 

organic acids, volatile compounds 
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INTRODUCTION 

Bacteria from the genus Lactobacillus are ubiquitous in plants, animals, and 

humans. Some species are responsible for spontaneous food fermentations and are 

included as components of food starter cultures. Probiotics are defined as “live 

microorganisms that when administered in adequate amounts confer a health benefit to 

the host” (Hill et al., 2014). Due to their long history of safe use, several species of the 

genus Lactobacillus have the “Qualified Presumption of Safety” (QPS) status recognized 

by the European Food Safety Authority (EFSA, 2017) and some of their strains are 

currently available as commercial probiotics. In order to exert health effects, once 

ingested probiotics must reach alive the colon (so, they must be able to survive to the 

acidic conditions of the stomach, high concentrations of bile salts in the intestine, and 

digestive enzymes) and persist, at least transitorily, in this environment.  

Most lactic acid bacteria (LAB) isolated from healthy humans and animals seem 

to exhibit nutritional and health benefits. New isolated LAB from different sources, as 

milk from humans and other livestock mammals, are therefore gaining interest in recent 

years to be used as both starters and/or probiotics, for food production (Fguiri et al., 

2016; Liu et al., 2020). 

The last consensus definition of the term Prebiotics indicates that this is “a 

substrate that is selectively utilized by host microorganisms conferring a health benefit” 

(Gibson et al., 2017). Inulin, fructooligosaccharides (FOS), and galactooligosaccharides 

(GOS) are well-known prebiotic carbohydrates, commercially available. Mixtures of 

probiotics and prebiotics, known as synbiotics, are often used in functional foods to 

exploit their synergistic action as well as the ability of some prebiotics to improve the 

texture of food products and to favour the viability of probiotics in foods and in the gut 

(De Souza et al., 2011; Marion et al., 2015; Pandey et al., 2015). In spite of currently 

available studies, there is still scarce information on the influence that different types of 

prebiotics could exert on the bacterial growth and metabolites produced by LAB, and 

how the presence of these substrates could modify the growth and metabolic activity of 

these bacteria in foods and at the intestinal level. Therefore, prior to include combinations 

of new QPS bacteria and prebiotics in food preparations it is necessary to assess in vitro 

the influence that the addition of different prebiotics may exert on the growth and 

generation of metabolic compounds by the targeted bacteria. It should be also 

considered that the addition of probiotics and prebiotics to fermented products could 

potentially modify their organoleptic properties and in last term the consumer’s 

acceptance. 
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In this context, the aim of the present work was to assess the capacity of three 

bacterial strains isolated in Algeria from camel’s milk and human colostrum to overcome 

in vitro gastrointestinal conditions, and to test the growth and capacity of these strains to 

produce organic acids and volatile compounds in the presence of inulin-type fructans 

and GOS.  The strains used here were previously isolated by spread-plating on MRS-

agar with coagulated skimmed milk by incubation with human colostrum as well as with 

serial dilutions of raw camel’s milk. Ten catalase negative, gram positive and aerotolerant 

lactobacilli were previously isolated from human colostrum and three other from camel’s 

milk. Among them, those displaying better performance for growth in MRSc broth and 

that were confirmed as Lactobacillus species by partial 16S rRNA gene sequencing, 

were chosen for the present study. These preliminary assays open the possibility to 

consider these bacteria in further studies for the manufacture of functional fermented 

foods.

.MATERIAL AND METHODS

Growth conditions and identification of strains 

Three microbial strains, previously isolated from human colostrum and camel’s 

milk, were included in this study (Table 1).The strains were routinely grown in MRS broth 

(Biokar, Beaubois, France) supplemented with 0.25% L-cysteine (Sigma Chemical Co, 

St. Louis, MO, USA) (MRSc) and incubated in anaerobic conditions under a 10% H2, 

10% CO2 and 80% N2 atmosphere in a MACS MG-500 anaerobic chamber (Don Whitley 

Scientific, West Yorkshire, UK) at 37°C. Overnight cultures were employed to prepare 

bacterial inocula to be used in the experiments.  

The identity of strains was obtained by partial sequence analysis of the 16S rRNA gene. 

Briefly, the DNA was extracted from 1 mL of pure cultures by using the GenElute™ 

Bacterial Genomic DNA Kit (Sigma), following the manufacturer's instructions. The 16S 

rDNA was amplified using the universal primers plb 16 and mlb 16 (Kullen et al., 2000; 

Rios-Covian et al., 2013). PCRs were performed in a total volume of 25 μl containing 2 

μl of genomic DNA as a template. The reaction mixture was composed of 10x buffer 

(EurX, Gdansk, Poland), dNTP  0.2 mM  (Amersham) and using 0.2 μM of each primer. 

The PCR conditions used were 5 min at 95°C, 30 cycles of 45 s at 94°C, 60 s at 55°C 

and 35 s at 72°C, followed by 10 min at 72°C. Amplification was carried out in a 

SimplioAmp Thermal Cycler (Applied Biosystems). Amplicons (approximately 500 bp 

length) were purified using the GenElute PCR Clean-Up kit (SIMGA, USA) and were 

sequenced at Macrogen Inc. (Madrid, Spain) in an automated sequencer ABI3730XL 

Page 6 of 25

http://mc.manuscriptcentral.com/fsti

Food Science and Technology International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

6

(Applied Biosystems, Foster City, CA, USA). The sequences obtained were compared 

to those held in GenBank using BLAST algorithm at NCBI.  

Exposure of the strains to simulated conditions of the gastrointestinal tract

The tolerance to simulated gastric and bile juices was preliminarily assessed. 

Bacterial cultures were exposed to simulated gastric and bile juices and their survival 

was determined essentially as described by Arboleya et al. (2011). Briefly, 5 mL of 

bacterial cultures grown overnight were harvested, washed twice with phosphate-

buffered saline (PBS) and resuspended in 500 µL of the same solution. 100 µL of 

bacteria suspensions were added to 900 µL of simulated gastric juice (125 mM NaCl, 7 

mM KCl, 45 mM NaHCO3, and 3 g/L pepsin [Sigma Chemical Co.], adjusted to pH 2.5 

with HCl) or bile juice (45 mM NaCl, 100 U/mL pancreatin extract [Sigma Chemical Co.], 

and 3 g/L Oxgall [Sigma Chemical Co.], adjusted to pH 8.0 with NaOH). Suspensions 

were incubated in anaerobiosis for 90 and 180 min with gastric and bile juices, 

respectively. Bacterial counts at time 0 and after incubation were obtained, and results 

were expressed as log units (log UFC/mL) of bacterial suspensions after incubation with 

respect to time 0.  

Commercial prebiotics and carbon sources

Three prebiotics were used as carbohydrate substrates for fermentation in 

cultures of the strains. Short-chain FOS Actilight 950P was purchased from Beghin Meiji 

(Marckolsheim, France); it had a 95% purity, with polymerization degree (DP) 2-5 

residues, and contained 5% residual glucose, fructose and sucrose. Inulin, extracted 

from Dahlia tubers (DP ~36 units), was purchased from Sigma-Aldrich (Spain). The GOS 

Bimuno Daily was provided by Clasado Ltd (Shinfield, Reading, UK) with 79.70% purity 

(w/v). Glucose (Fluka Analytical, Spain) was used as non-prebiotic universal carbon 

source and PBS solution as a negative control for fermentation. Sterilization of all 

substrates added to the culture medium was carried out by filtration through a 0.45 pore 

size membrane, except for inulin that was autoclaved. 

Growth of L. paracasei/casei and L. brevis strains in MRSc with prebiotics as 
carbon source 

Growth of L. paracasei/casei and L. brevis strains was evaluated in MRSc 

formulated without glucose and supplemented with 0.3% (w/v) of each of the 

carbohydrates tested (Inulin, FOS Actilight, GOS Bimuno, and glucose) as the sole 

carbon source added. Culture media were inoculated at 1% (v/v) with overnight cultures 
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of the corresponding strains. Cultures were incubated for 24 h in anaerobiosis at 37ºC. 

Samples were taken at 0, 5 and 24 h and growth was determined by measuring the 

optical density at 600 nm (OD600) in an Ultrospect 10 Cell Density Meter (Amersham 

Biosciences). The OD600 values obtained for each culture were fitted to a modified-

Gompertz equation (1), a sigmoidal function describing kinetics of bacterial growth 

(Tjørve et al., 2017; Ware et al., 2017):

y= A · exponential {-exponential [µ · e / (λ – t) + 1] }                                       (1)                  

where y is the estimated growth (OD600) at a given time (t), “A” represents the upper 

asymptote, “µ” is the rate of growth (OD600/h),  and “λ” is time lag before exponential 

phase.

Determination of pH in cultures was carried out by direct measurement with a pH 

meter Basic 20+ (Crison Instruments SA, Barcelona, Spain). Experiments were made in 

triplicate. 

Analysis of organic acids by HPLC

One mL of each culture collected at 0 and 24 h of incubation was centrifuged 

(16000 x g for 10 min) and filtered through 0.45 µm-pore-size filters to obtain 

supernatants which were immediately frozen at -20ºC until analysis.

The quantification of organic acids was carried out in duplicate using an HPLC 

chromatographic system composed of an Alliance 2690 module injector, and a PDA 996 

photodiode array detector, and the Empower software (Waters, Milford, MA, USA). 

Chromatographic conditions were those indicated previously by Salazar et al. (Salazar 

et al., 2009). Briefly, sample separation was carried out in an ICSep ICE-ION-300 ion-

exchange column (Transgenomic, San José, CA) using 8.5 mN H2SO4 as the mobile 

phase at 65ºC, with a flow rate of 0.4 mL/min. Detection was carried out at 210 nm. 

Organic acids were quantified through regression equations calculated by using different 

concentration of the corresponding standards. Results were expressed as increments in 

the concentration of each compound (mM) after 24 h of incubation with respect to time 

0.   

Analysis of volatile compounds

Volatile compounds produced by Lactobacillus strains during incubation were 

determined by means of headspace (HS) Gas Chromatography (GC). The culture 
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medium with each of the different carbon sources and strains, prepared and inoculated 

as indicated just above, was placed into separate glass tubes sealed with rubber and 

metallic caps and incubated in the same conditions as indicated before. After 24 h of 

incubation, samples in glass tubes were stored at -20ºC until analyses, which were 

carried out in a 6890N Agilent gas chromatograph coupled with a G1888 series HS 

automatic injector and with a 5975B inert mass spectrometry (MS) detector (Agilent 

Technologies Inc., Palo Alto, CA). Data were collected and analysed with ChemStation 

software (Agilent). Sample preparation and chromatographic separation were performed 

as described previously (2011). Volatile compounds were identified by comparing their 

mass spectra with those held in the Wiley 138 library (Agilent) and by comparing their 

retention times. 

The relative chromatographic peak area of each compound at 24 h of incubation 

was calculated by subtracting to the peak area at this time, the corresponding area for 

the same compound in the negative control tube. Acetic acid, already quantified by 

HPLC, was not considered for further calculations. From the remaining volatiles, those 

displaying relative peak areas above 5% of the sum of relative peak areas of all volatile 

compounds in at least two samples were considered as the major volatiles produced. 

The relative abundance of each of these volatiles was then calculated by referring the 

relative peak area of each of them, to the sum of relative peak areas of all major volatile 

compounds considered, taking this sum as the 100%. 

Statistical analyses

Statistical analysis of results was performed using the SPSS v.24 software (SPSS 

Inc., Chicago, USA). Fitting to normal distribution of organic acids data was analysed by 

means of a Shapiro-Wilk test. The increases of acetic, lactic and formic acid after 24 h 

of incubation with respect to time 0 in the different cultures were compared by ANOVA 

and post-hoc Bonferroni’s test considering either the strain or the carbohydrate substrate 

as factors. 

RESULTS AND DISCUSSION

Milk and colostrum from mammals, animals and especially humans, constitute a 

source of LAB that could encounter application in the manufacture of dairy products and 

functional foods. Microorganisms isolated in the neonatal period (both in animals and 

humans) could display differential properties related with health-promotion and 
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maturation of the immune system in the offspring, that are not sufficiently explored yet 

(Arboleya et al., 2011; Jost et al., 2014; Nogacka et al., 2019).

One of the strains was identified as L. paracasei/casei (named as L. 

paracasei/casei 6 and assigned the internal culture collection code IPLA 40001) and the 

other two as L. brevis (L. brevis 15 [L. brevis IPLA 40002]; L. brevis 23 [L. brevis IPLA 

400003]) (Table 1). A 100% identity was obtained by BLAST comparison of their 

sequences with those held in GenBank database. Members of species L. 

paracasei/casei and L. brevis have been previously reported as to be present in human 

milk and colostrum, and camel’s milk (Jimenez et al., 2009; Ozgun et al., 2011; Fguiri et 

al., 2016; Togo et al., 2019), among other sources. Members of both species have the 

QPS status recognized by EFSA (2017) and some strains are being used as starters 

and/or probiotics in fermented dairy products (Fernandez et al., 2015) and other foods. 

This supports the interest of carrying out a preliminary characterization of our strains in 

order to assess their suitability to be used in fermented dairy products and in synbiotic 

combinations. 

Table 1

Effect of the simulated conditions of the gastrointestinal tract on L. 
paracasei/casei and L. brevis strains 

Survival to digestion is an important property so that microorganisms ingested 

with food could exert health-promoting effects. Therefore, in vitro survival in simulated 

gastric and bile juices were independently assessed as indicators of the survival potential 

to the gastrointestinal transit of these strains.

The studied strains displayed optimal survival when incubated in simulated 

gastric and bile juices. Count decreases of the three strains in gastric juice were 

comprised between 0.28 and 0.83 log units (Figure 1). However, after exposure to 

simulated bile juice, L. paracasei/casei 6 showed a more pronounced decrease (4.71 log 

units) than L. brevis 15 and L. brevis 23 (count decreases of 1.8 and 0.02 log units, 

respectively). These results indicate that after ingestion, the three strains could have the 

capacity to reach the colon alive.  Relating to this, it has been previously reported that 

some L. paracasei/casei and L. brevis strains can survive in in vitro and in vivo 

gastrointestinal conditions and the oral administration of some particular strains 

produced beneficial effects in humans (Nishida et al., 2008; Suzuki et al., 2013). 
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Figure 1

Growth of L. paracasei/casei and L. brevis strains in inulin-type fructans and GOS

Synbiotics combining probiotics and prebiotics could exert synergic benefits for 

human health. However, prior to design specific synbiotic combinations it is advisable to 

assess how the presence of different prebiotics could affect microbial viability and growth 

of probiotics. 

In the present work L. paracasei/casei and L. brevis strains were grown in 

anaerobiosis in order to mimic environmental conditions in the gut, as well as the oxygen 

deficient environment occurring in the manufacture of some fermented foods. As shown 

in Table 1, cultures of the three strains increased their OD600, although at a variable 

extent, when incubated in MRSc plus glucose, FOS, GOS or inulin, corroborating their 

ability to grow in the prebiotics tested and suggesting the potential of these substrates to 

be fermented by our strains. Cultures of L. paracasei/casei experienced a higher 

increase of their OD600 at 24 h of incubation than those of L. brevis in all substrates 

assayed. This could be partly attributed to the fact that the absence of oxygen affects 

microorganisms differently. In this regard, it has been reported that while the growth rate 

and biomass production by L. casei is not significantly influenced by the 

presence/absence of oxygen (Ricciardi et al., 2019), anaerobic conditions could impair 

the growth of L. brevis (Vazquez et al., 2005). For this last species, the OD600 of the strain 

L. brevis 23 in glucose was considerably lower than that of L. brevis 15, indicating 

metabolic differences between these two strains. In accordance with growth results, the 

decrease of pH values after 24 h of incubation was more pronounced in cultures of L. 

paracasei/casei than in cultures of L. brevis strains with any of the carbohydrates tested 

(glucose, inulin-type fructans, or GOS), evidencing a higher acidifying capacity of L. 

paracasei/casei. Comparing substrates for each bacteria, L. paracasei/casei cultures 

showed a tendency towards lower pH in MRSc medium with glucose, inulin or FOS than 

with GOS. In contrast, the pH of L. brevis 23 cultures was lower when incubated in 

glucose than in GOS, FOS or inulin and was lower as well than the values obtained for 

L. brevis 15 grown in the presence of any carbohydrate. These results are in good 

agreement with the substrate preference for growth of each bacteria. 

Modelling growth kinetics of bacteria through the Gompertz’s function (Fig. 2; 

Table 2) evidenced important differences among them as depending on the phase of 

growth and carbohydrate substrate used. In the first hours of incubation, the model 

indicates a faster growth of L. brevis in inulin, FOS and GOS than in glucose whereas 
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the growth of L. paracasei/casei seems to be more efficient in glucose than in prebiotics 

(inulin, FOS and GOS). In contrast, at the stationary phase the model predicts the highest 

OD600 for cultures of L. paracasei/casei in inulin-type fructans (inulin and FOS) whereas 

in cultures of L. brevis, glucose would give rise to higher OD600 than any prebiotic. 

Predicting behaviour of these strains in different prebiotics could have application when 

choosing the most suitable strains and prebiotic substrates to be included in foods, as 

depending on the manufacture conditions, the specific intestinal site of action and 

potential health application. 

Fig 2

Table 2

Organic acids profile of L. paracasei/casei and L. brevis strains growing in inulin-
type fructans and GOS

Lactic acid was the major compound synthesized by the three strains. In spite of 

this, the ability to produce each organic acid and the relative proportions among them in 

cultures greatly varied as depending on the bacterial species and the carbohydrate (Fig. 

3). At this point, it is important to take into account that L. brevis, a strict 

heterofermentative LAB, is able to produce lactic, acetic and formic acids, as well as 

ethanol and carbon dioxide in all conditions. However, in the species L. paracasei/casei, 

a facultative heterofermentative LAB, the switch from homolactic (lactic acid as the major 

end product of hexose fermentation) to heterolactic fermentation (production of ethanol 

and acetic and formic acids in addition to lactic acid) is favoured by the scarcity of easily 

fermentable carbon sources in conditions of restricted access to oxygen, as is the case 

of the experimental design in the present work. 

Glucose was the substrate that gave rise to more lactic acid production by all the 

three strains. Comparing bacteria, L. paracasei/casei 6 synthesized significantly more 

lactic acid than strains from the species L. brevis in all substrates assayed, excepting 

GOS. In cultures with this prebiotic L. paracasei/casei 6 and L. brevis 23 produced similar 

levels of lactic acid after 24 h of incubation (Fig. 3a). Regarding comparison among 

prebiotics for each strain, L. paracasei/casei produced much more lactic acid in inulin 

and FOS than in GOS (p < 0.05) whereas the contrary was true for both L. brevis strains 

that produced more lactic acid in GOS than in inulin-type fructans (inulin and FOS) (p < 

0.05). 
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Fig 3

Conversely to that occurring with lactic acid, the production of acetic acid was 

significantly higher in prebiotics than in glucose, for all the three strains (p < 0.05).

Moreover, both L. brevis strains produced more acetic acid than L. paracasei/casei in 

the presence of inulin-type fructans, although differences did not reach statistical 

significance for the comparison among strains in FOS (Fig. 3c). A similar pattern to acetic 

acid, although with lower final concentrations, was obtained for formic acid, that was 

produced at higher levels in cultures with prebiotics than with glucose (p<0.05), growth 

in FOS and GOS leading to significantly higher production by L. brevis strains than by L. 

paracasei/casei (Fig. 3b). 

As a consequence of the aforementioned variations, acetic to lactic acid molar 

ratios were significantly higher in cultures of both L. brevis strains than in cultures of L. 

paracasei/casei (Fig. 3d). In fermentations carried out by L. paracasei/casei, the higher 

acetic to lactic acids ratio was obtained with GOS, followed by inulin/FOS whereas, in 

contrast, for L. brevis strains the highest ratios were obtained with inulin/FOS, followed 

by GOS. For all the three strains, the lowest acetic to lactic acids ratios corresponded to 

cultures with glucose as the carbon source.  

Together, these results evidenced clearly different production patterns of organic 

acids as depending on the species and the substrate used for fermentations. As a whole, 

differences in the production of acetic and formic acids were mainly influenced by the 

substrate, being higher in prebiotics than in glucose, whereas variations in the 

concentrations of lactic acid were related with both the substrate and the bacterial 

species. It is worth considering that organic acids could notably influence the quality of 

fermented foods, in a different way as depending on the product and the perception of 

quality by the consumer (Choi et al., 2019). Thus, for example, the better quality of 

sourdough bread, determined by acidity and rising, was provided by a L. paracasei strain 

(Mantzourani et al., 2019) and correlated with lower spoilage. Relating dairy products, 

high acetic acid concentration could be considered a negative property in yogurt 

(Adhikari et al., 2000) but it could be found as a desirable aroma compound in kefir and 

some types of cheeses (Ranadheera et al., 2019). Therefore, in the selection of the 

different combinations of lactic acid bacteria strains and prebiotics the optimal 

organoleptic properties intended for each specific product should be taken into account. 

Volatile compounds produced by L. paracasei/casei and L. brevis grown in inulin-
type fructans and GOS
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Volatile compounds whose chromatographic peak relative areas after 24 h of 

incubation, excluding acetic acid (which was only considered for quantification by HPLC 

in the present work), were above 5% of the sum of relative peak areas of all volatile 

compounds in at least two samples, were considered as the major volatiles formed by L. 

paracasei/casei and L. brevis strains. This included ethanol, the aroma compounds 

acetaldehyde, 2-propanol, 1-butanol, and 1-nonanone, and the sulphurous compound 

carbon disulphide. The relative area of each of these six compounds was then 

recalculated and referred to the sum of the relative area of the six of them, considering 

this as the 100% (Fig. 4).

Fig 4

Proceeding in this way, we found that ethanol constituted more than 60% of 

volatile compounds formed during incubation of the three strains in all conditions tested, 

the other compounds representing each of them less than 17%. 1-butanol (relative 

abundance 3-17.5% in samples) was produced by the three strains in all conditions. 

Acetaldehyde (relative abundance 12-16% in samples) was only produced by L. 

paracasei/casei in inulin-type fructans (inulin and FOS) but not in glucose or GOS. 

However, 2-propanol (relative abundance 6-11%) was produced by L. brevis in all 

conditions tested, but not by L. paracasei/casei. 2-nonanone was found at low relative 

abundance (1.5-5.3%) in cultures of L. brevis in the four substrates assayed, with the 

exception of L. brevis 23 grown in glucose where this compound was not detected. 

Ethanol, acetaldehyde, 2-propanol, 1-butanol and 2-nonanone are considered in the 

literature as important key-flavour compounds contributing to aroma in different 

fermented dairy foods (Gaspardo et al., 2009; Ranadheera et al., 2019).

Some volatile sulphur compounds, as carbon disulphide (a compound providing 

a “cooked” flavour) are basic components of food flavour at low concentrations but they 

can also cause undesirable organoleptic properties, as depending on the concentration 

and the type of product (Vazquez-Landaverde et al., 2006). Thus, sulphur compounds 

are undesirable in UHT milk and yogurt but are considered as desirable attributes in 

some particular types of cheeses (Al-Attabi et al., 2009). Carbon disulphide was 

produced by L. brevis in all substrates whereas L. paracasei/casei produced it only in 

glucose, which should be taken into account in the manufacture of sweetened fermented 

dairy products or other fermented foods. 

Results obtained in this study reveal important differences between the species 

L. paracasei/casei and L. brevis on the profile of volatiles formed, with the presence of 
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prebiotics being also an important factor influencing the volatile compounds synthesized 

by each bacteria during fermentation. 

CONCLUSIONS

The strains L. paracasei/casei 6, L. brevis 23 and L. brevis 15, the two first 

isolated from human colostrum and the third one from camel’s milk, showed capacity to 

survive to the simulated in vitro conditions of the human gastrointestinal tract. All of them 

were able to grow in the prebiotics inulin, FOS, and GOS. During fermentation, different 

profiles of organic acids and volatile compounds were formed, mainly depending on the 

prebiotic used as carbon source and the microbial species considered. Therefore, the 

three strains are good candidates to evaluate their use combined with different prebiotics 

in the manufacture of fermented dairy products or other fermented foods. The influence 

that the combined use of these strains and prebiotics could exert on the organoleptic 

properties should be assessed for each specific product. 
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Table 1. Origin, identification, growth, and decrease of pH values after incubation of the 

strains in the presence of glucose and prebiotic substrates (inulin, FOS and GOS). 

Strain

(code)
Origin

Species 

identification

by partial 16S rRNA 

gene sequencing 

Carbohydrate 

source 

Growth 

(Increase 

OD600)

pH change

    

6 Human colostrum L. paracasei/casei 1.74 ± 0.14 -1.07 ± 0.00

15 Camel’s milk L. brevis 1.40 ± 0.10 -1.08 ± 0.01

23 Human colostrum L. brevis

Glucose

0.63 ± 0.13 -0.21 ± 0.01

6 Human colostrum L. paracasei/casei 2.62 ± 0.06 -1.15 ± 0.01

15 Camel’s milk L. brevis 0.33 ± 0.03 -0.30 ± 0.00

23 Human colostrum L. brevis

Inulin 

(Dahlia 

extract) 0.23 ± 0.01 0.01 ± 0.00

6 Human colostrum L. paracasei/casei 2.44 ± 0.33 -1.13 ± 0.01

15 Camel’s milk L. brevis 0.16 ± 0.03 -0.29 ± 0.02

23 Human colostrum L. brevis

FOS 

(Actilight)
0.21 ± 0.13 0.02 ± 0.00

6 Human colostrum L. paracasei/casei 1.77 ± 0.02 -0.68 ± 0.00

15 Camel’s milk L. brevis 0.25 ± 0.13 -0.31 ± 0.01

23 Human colostrum L. brevis

GOS 

(Bimuno)
0.49 ± 0.01 -0.14 ± 0.00
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Table 2. Kinetic parameters of L. paracasei/casei and L. brevis strains grown with 

glucose, inulin, FOS or GOS, determined by the Gompertz-modified model of growth. 

R2, determination coefficient

Strain carbohydrate 
substrate

A 
(OD600nm) µ (OD/h) λ (h) R2

L. paracasei/casei 6 1.782 0.225 0.881 0.993
L. brevis 15 1.428 0.130 2.426 0.999
L. brevis 23

Glucose
0.681 0.079 -0.128 0.984

L. paracasei/casei 6 3.534 0.148 4.148 1.000
L. brevis 15 0.340 0.102 0.320 0.980
L. brevis 23

Inulin
0.340 0.576 -0.076 0.993

L. paracasei/casei 6 2.624 0.172 2.259 0.620
L. brevis 15 0.278 0.518 0.040 0.797
L. brevis 23

FOS
0.332 0.457 -0.097 0.809

L. paracasei/casei 6 1.922 0.123 1.851 0.856
L. brevis 15 0.280 0.552 0.038 0.702
L. brevis 23

GOS
0.540 0.102 -0.259 0.975
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FIGURE CAPTIONS

Fig 1. Survival of the strains after incubation during 90 min in simulated gastric juice at 

pH 2.5, and during 180 min in simulated bile juice added with  3 g/L Ox Gall pH 8.0 (log 

units: log UFC/mL). 

Fig 2.  Growth curves of L. paracasei/casei 6, L. brevis 15 and L. brevis 23 obtained by 

fitting OD600nm values at different times of incubation in MRSc supplemented with glucose, 

inulin, FOS or GOS as carbon sources, using the Gompertz’s  equation. 

Fig 3. Increments after 24 h of incubation with respect to time 0 of concentrations (mM) of 

lactic acid (a), formic acid (b) and acetic acid (c) and the ratio of acetic to lactic acids (d) 

in cultures of L. paracasei/ casei 6, L. brevis 15 and L. brevis 23 strains growing in MRSc 

with glucose, inulin, FOS or GOS as the sole carbon sources added. Vertical lines in the 

bars represent standard deviation. For the same substrate, strains do not sharing the 

same letter produced significantly different amounts of the corresponding organic acid, p 

< 0.05. 

Fig 4. Relative abundance of major volatile compounds (excluding acetic acid) detected by 

HS/GC//MS after 24 h of incubation of L. paracasei/casei 6, L. brevis 15 and L. brevis 23 

growing in MRSC with glucose, inulin, FOS or GOS as the sole carbon sources added. 
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Fig 1. Survival of the strains after incubation during 90 min in simulated gastric juice at pH 2.5, and 
during 180 min in simulated bile juice added with  3 g/L Ox Gall pH 8.0 (log units: log UFC/mL). 
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Fig 2.  Growth curves of L. paracasei/casei 6, L. brevis 15 and L. brevis 23 obtained by fitting OD600nm values at different times of 

incubation in MRSc supplemented with glucose, inulin, FOS or GOS as carbon sources, using the Gompertz’s model. 
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Fig 3. Increments after 24 h of incubation with respect to time 0 of the molar concentrations of lactic acid 
(a), formic acid (b) and acetic acid (c) and the ratio of acetic to lactic acids (d) in cultures of L.paracasei/ 
casei 6, L. brevis 15 and L. brevis 23 strains growing in MRSc with glucose, inulin, FOS or GOS as the 
sole carbon sources added. Vertical lines in the bars represent standard deviation. For the same 
substrate, strains do not sharing the same letter produced significantly different amounts of the 
corresponding organic acid, p < 0.05. 
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Fig 4. Relative abundance of major volatile compounds (excluding acetic acid) detected by HS/GC//MS after 24 h of incubation of L. paracasei/casei 6, L. 

brevis 15 and L. brevis 23 growing in MRSC with glucose, inulin, FOS or GOS as the sole carbon sources added. 
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