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Abstract 

The capacity of the juices obtained from cucumber, white and red cabbage respectively to 
represent a substrate for the growth of Lactobacillus (Lb.) acidophilus, in order to obtain probiotic 
products, was investigated. Lb. acidophilus was very well adapted to the cabbage as new substrate, 
because in the first 2h the pH has declined by one unit, while the microbial population has increased 
almost 100 times. After 48h the decrease of the reducing sugars ranged from 1.16 to 1.54 g/100ml and the 
titratable acidity was increased about 13 times. Lb. acidophilus was faster accommodated in cucumber 
juice, the maximum rate of acidification vmax (dpH/dt) being achieved in 2h (9.33x10-3 units/min). If some 
differences were established referring to time to reach pH 5.0 (more than 2h in the case of the red 
cabbage), the time to complete the fermentation (tpH 4.2, hours) was for all the batches about 6h. Applying 
the multivariate statistical methods, the variables were classified into three clusters and the tree chart was 
described as well. The Principal Component Analysis (PCA) reduced the five original analytical variables 
to one independent component, which accounted for 80.43% of the total variance. 
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Introduction 

 
In the recent years, based on in vitro and in vivo studies, many probiotic products have 

been developed in order to improve the organism’s health (W.A. WALKER, cited by D. 
PELINESCU [1]). The nutritional potential of vegetables is remarkable, so the production of 
lactic acid fermented juices seems to be an alternative for the lactose-intolerant people or 
vegetarians, and in the same time for the ones concerned by the own healthy. 

An optimal balance of microbial organisms in the intestine is suggested to be an 
important aspect of maintaining good health. Certain bacteria, such as lactobacilli and 
bifidobacteria that help maintain such a favorable balance are considered to be probiotics (S. 
HEKMAT and D.J. McMAHON [2]). The probiotic arsenal includes multiple mechanisms for 
preventing infection, one of them being represented by the interaction with the host immune 
system in a strain-dependent manner (D. PELINESCU & al. [1]). 

The genus Lactobacillus (Lb.) is widely distributed in nature. Several species, 
including Lb. acidophilus, are components of the normal intestinal flora of healthy humans. 
The taxonomy is extremely complex, and complete agreement on the designation of specific 
strains cannot be found (M. SILVA & al. [3]). 

Lactobacilli are important inhabitants of the gastrointestinal (GI) tract and some species 
are considered to have probiotic properties, offering a number of benefits to health and well 
being (G. REID & al. [4]). The most well known members of this group are classified as the 
‘‘acidophilus complex,’’ composed of six species of closely related lactobacilli that have 
historically been isolated from the GI tract of humans and animals (HEILIG & al. [5]). For such 
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microbes, survival and residence in the GIT relies partially on their ability to survive gastric 
passage and use available nutrients (R. BARRANGOU & al. [6]). 

Brassica vegetables, including all cabbage-like ones, are consumed in enormous 
quantities throughout the world and are important in human nutrition (F. FERRERES & al. [7]). 
They are reported to reduce the risks of some cancers especially due to its content of 
glucosinolates and their derived products (O.K. CHUN & al. [8]), although phenolic compounds 
are also considered to contribute to this capacity (G.GALATI and P.J. O’BRIEN [9]). 

The composition of cucumbers varies with fruit size and cultivar (R.F. McFEETERS 
and L.A. LOVDAL [10]). As fruit size increased, malic acid content (wet basis) decreased 
slightly from 0.28 to 0.21%, while glucose and fructose contents (wet basis) increased from 
0.80 to 1.16% and 0.95 to 1.25%, respectively. The total sugar content (wet basis) in cucumbers 
was in the range of 1.7 to 2.4 %, depending on fruit size. Smaller fruit, however, contain less 
sugar and a higher natural buffering capacity than the larger ones (Z. LU & al. [11]). 

Naturally occurring microbial inhibitors have been recovered from a wide variety of 
foods including onions, garlic, fruits, vegetables, cereals and spices. Many of these 
antimicrobials contribute to the food stuffs natural resistance to deteriorations. The flavor 
components consist of such compounds as alcohols, aldehydes, esters, terpens, phenols, 
organic acids and others, some of which have not yet been identified (L.A. SHELEF & al. 
[12]). Onion bulbs contain tannin, pectin, quercetin and glycosides. Onion extracts shows 
antibacterial properties (S.K. ADESINA & al. [13]). The antimicrobial activity of Allium is 
due to volatile sulfur compounds derived from S-allyl-L-cysteine sulfoxide, a non-protein 
amino acid found in vegetables, by the action of an enzyme, cysteine sulfoxide lyase (J.W. 
KIM & al. [14], [15]). 

The essential step in the use of statistical experimental design methods is to select the 
suitable ranges of the selected control factors in the initial experiments (G. BAHRIM & al. 
[16]). The multivariate statistical methods are used in all scientific branches. In the analysis of 
the food quality, the Principal Component Analysis (PCA) is advantageously applied for the 
evaluation of the experimental data. Thus, processing a great number of variables it can be 
obtained a smaller set, the losing of information being minimized. The purpose of Cluster 
Analysis (CA) was to join data into clusters in order to increase their within group 
homogeneity as well as the differences among the clusters and the individual groups (Z. 
KOHAJDOVÁ and J. KAROVIČOVÁ [17]). 

The aim of this work was the evaluation of the growth of Lb. acidophilus into different 
vegetable juices through kinetic analysis and applying PCA and CA to the experimental data 
as well.  

 
Materials and methods 

 
Microorganisms 
LA-5 is a single strain culture containing Lb. acidophilus that was obtained from 

Christian Hansen (Romania). It was defined by the producer as thermophilic lactic culture. 
Lactic acid fermentation performing 
Fresh white cabbage (Brassica oleracea L.), red cabbage (Brassica oleracea var. capitata 

f. rubra), cucumbers (Cucumis sativus) and red onion (Allium cepa var. ascalonicum) were 
purchased from a local store and specifically processed by removing the non-edible pieces. 
Using a home-made extractor, the vegetables were turned into juice.  

Four experimental batches were performed: Cb - cabbage juice, RCb - red cabbage 
juice, Cc - cucumber juice, CcO - cucumber juice with 0.1% onion juice added after the 
heating and cooling of the batches. 
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The heating treatment of the juices, applied at 80 degrees C with a view to destroy the 
undesirable microorganisms under the limit of detection, was followed by cooling at 40 
degrees C. The lyophilized culture was aseptically added in proportion of 0.2g/L to the juices 
and vigorous homogenized for 15 min.  

50mL juice from each experimental batch was distributed in sterile tubes. The 
anaerobiosis was created by covering the cotton stopper of the tube by metal folia. Each tube 
represented a single sample and the experiments were performed in double.  

The lactic acid fermentation was performed in a thermostat at 37±0.20C. The samples 
were analyzed during the process dynamic through chemical and microbiological analysis.  

Analytical methods 
The count of Lb. acidophilus was determined by plate count method using Man-

Rogosa-Sharpe agar, enriched with L-cysteine HCl, after serial tenfold dilutions in peptone 
water. The Petri dishes were incubated for 48h at 37 °C and the results were expressed as 
CFU/ml juice.  

The optical density of biomass was measured with the UV-Visible spectrophotometer 
at 610nm. In the preparation of the calibration curve for optical density vs. dry cell weight 
several dilutions of the samples were made. According D. ALTIOK ([18]), for each dilution, 
2 ml of sample was used to obtain optical densities at 610 nm wavelength and 15 ml of 
sample was filtered with a pre-weighed cellulose acetate membrane filter having a pore size 
of 0.45 µm using a vacuum pump. The biomass collected on the filters was washed with 15 
ml of water and the filters were dried at 1000C for approximately 24 h until constant weight 
was observed. The results were expressed in g/l. 

The pH values were measured with a HACH pH-meter. From the chemical point of 
view, the titratable acidity, expressed in g lactic acid/l, was determined by titration with 
NaOH 0.1N in the presence of phenolphthalein (in the case of the white cabbage and 
cucumber juices), respectively in the presence of bromthymol blue (in the case of the red 
cabbage juice). The reducing sugars were analyzed applying the spectrophotometric method 
with 3.5-dinitrosalicilic acid (DNS) after the removing of the substances with reducing 
character using basic lead acetate. The results were expressed in g glucose/l. 

Mathematical modeling 
The mathematical models were applied for the product formation and substrate 

utilization. 
Concerning the product formation, lactic acid fermentation was described by R. 

LUEDEKING and E.L. PIRET ([19]). According to this model the instantaneous rate of lactic 
acid formation (dP/dt) can be related to the instantaneous rate of bacterial growth (dN/dt), and 
to the bacterial density (N): 

N
dt
dN

dt
dP βα +=  

where the constants α (the growth associated product formation) and β (the non growth 
associated product formation) are determined by the pH of the fermentation.  

A simplified presentation of the above model relates to the linear part of the equation 
was presented by A. AMRANE and Y. PRIGENT ([20]): 

(P – P0 ) = α (X – X0) 
where P0 and P are the concentrations of lactic acid (g/l) initially and at time t, respectively, 
and X0 and X are the increases of the biomass (g/l) initially and at time t, respectively. 

The kinetic of the substrate utilization for the lactic acid fermentation of the juices 
with Lactobacillus acidophilus was underlined by the biomass and product yield coefficients 
on substrate (YXS, respectively YPS), defined as stoichiometric coefficients: 
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where S0 and Sf are the concentrations of reducing sugars (g/l) initially and at time t, 
respectively. 

Statistical analysis 
For the evaluation of the analytical results, the multivariate statistical methods 

(Principal Component Analysis and K-Means Cluster) were applied. The prediction of the 
linear models using the regression and the matrix correlation between all the experimental 
data was realized with SPSS software package for MS Windows version 19 (trial).  
 
Results and discussions 

The pH evolution and the titratable acidity dynamics during the lactic acid 
fermentation of different vegetable juices with Lb.  acidophilus are shown in Fig.1 and Fig.2 
respectively.  

The pH values ranged from 6.21 to 3.7, no significant differences between the batches 
being observed. After 24 hours, the highest decrease of pH was observed in the case of the 
cucumber juice (2.51 units), correlated with the increasing of the titratable acidity by 12.69 
times. In the same time, the pH of the white cabbage juice was declined with 2.27 units, 
corresponding to the lactic acid accumulation until a value by 8g/l. Although the pH values of 
the above mentioned samples (Cb and Cc) were close during the process development and 
also the initial and the final values of the titratable acidity were almost the same, few different 
aspects were determined in time. In this sense, the maximum rate of acidification vmax which 
registered better values in the case of the cucumber juice can explain the fermentation 
slowness in the batch Cb the interval 6 - 8 hours. Correlated with the results of the 
microbiological analysis, it seems that the process was directed towards the growth of the 
useful bacteria. Until 24 hours, the tendency of pH and titratable acidity in the cabbage and 
cucumber juices has become similar. 
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Fig. 1. The pH dynamics during the lactic acid fermentation of juices with Lb. acidophilus LA-5 
 

A relative different behavior was observed in the case of both red cabbage juice and 
cucumber juice with onion juice added, in the sense of the slowdown of the metabolism 
materialized in the dynamics of the parameters that describe the process unfolding. This way, 
the time to reach pH5.0, kinetic parameter important from the stability of the fermented 
products point of view, was increased from almost 2 hours in the case of the samples Cb and 
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Cc to 2.87 hours in the case of RCb, respectively 3.5 hours in the case of CcO. The above 
mentioned differences could be explained through the presence of some chemical constituents 
which has inhibitory action on useful bacteria, as the anthocyanins in the red cabbage, 
respectively the constituent sulfides in the onion juice. According J.W. KIM & al. ([15]) 
sulfides, especially those with three or more sulfur atoms, apparently possess potent 
antimicrobial activity. However, concerning the batch with onion juice added the initial trend 
was attenuated after 6 hours of fermentation, the oils and their sulfides constituent showing 
weak antimicrobial activity (J.W. KIM & al. [14]). Referring to the red cabbage juice, 
although after 24 hours of fermentation the pH values were similar, the titratable acidity was 
lesser with about 2g/l compared with the lactic acid fermented juice from white cabbage. This 
could be due to the amphoteric nature of the anthocyanins. 

The initial titratable acidity of the unfermented juices, expressed as lactic acid, ranged 
from 0.51g/l (sample RCb) to 0.78g/l (sample Cb). As it can be seen in Fig.2, the dynamics of 
this parameter in the case of the red cabbage juice was invariable behind those registered for 
the other batches, although the kinetic parameters (Table 1) pointed out that the fermented 
product was characterized through microbiological stability on the background of some 
moderate characteristics from the sensorial point of view. In absolute values, the 
accumulation of the lactic acid after 24 hours of the vegetable juices fermentation were 
determined as follows: 7.23g/l (Cb), 5.83g/l (RCb), 9.36g/l (Cc) and 8.95g/l (CcO). 

Y. KOHAJDOVÁ & al. ([21]) studied the fermentation of cucumber juices with a 
0.5%, 1% and 2% additions of the onion juices by Lb. plantarum CCM 7039. It was found 
that in the initial stages of fermentation, the presence of onion in the juices positively 
influenced lactic and acetic acid production. However, in further course of fermentation, 
slight inhibition effects of onion in the fermented juices were observed, especially at elevated 
onion/cucumber ratio. 
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Fig. 2 The titratable acidity evolution during the lactic acid fermentation of different vegetable juices with Lb. 
acidophilus LA-5 
 

The initial content of sugars in cucumber juice was situated at the maximum limit 
determined by Z. LU & al. ([11]), while in the case of the white cabbage juice was close to 
that one determined by K.Y. YOON & al. ([22]). The metabolization of the reducing sugars 
after 24 hours of lactic acid fermentation of vegetable juices with Lb. acidophilus LA-5 (Fig. 
3) ranged between 29.29% (RCb) to 54.09% (Cc).  
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Fig. 3 Correlation between the substrate consumption, lactate production and biomass formation for the samples 
Cb (a), RCb (b), Cc (c) and CcO (d) 
■ - glucose, ● – lactate, ▲ - biomass (points - experimental data, smooth lines - predicted values) 

 
A direct proportionality was determined between the sugar utilization and the lactic 

acid production in the fermentation of all the vegetable juices, the rapport between the lactic 
acid production and the glucose consumption varying from 0.47 to 0.56.  

As it is known, the strains of the group Lb.  acidophilus were characterized as lactic 
acid bacteria with strictly homofermentative metabolism (>85% lactic acid) (G. BAHRIM & 
al. [23]). The comparative evaluation of the experimental data with the theoretic ratio of 
lactate production from glucose must take into account that Lb. acidophilus is not present in 
the epiphytic microbiota of vegetables, the chemical composition of the environment needing 
to be analyzed from the available carbohydrates, respectively from the feasible metabolic 
pathway point of view. In this sense, diammonium citrate was found to be degraded to 
succinic acid by the Lactobacillus strains (C. KANEUCHI & al. [24]). Nevertheless, 
according to F. DELLAGLIO & al. ([25]), the fermentation of citrate itself is a fairly general 
property within the strains in the genus Lactobacillus. The presence of fermentable 
carbohydrates such as glucose and lactose may influence the extent of citric acid utilization.  

Close values were obtained by other authors in lactic acid fermentation of vegetable 
juices. Thus, the utilization of sugar during fermentation in a mixture of beetroot juice and 
carrot juice and different content of brewer’s yeast autolysate with Lb. plantarum A112 and 
with Lb. acidophilus NCDO 1748 varied from 19.4 to 24.1% (M.B. RAKIN & al. [26]). 

Except the dynamics of the reducing sugars in the lactic acid fermentation of the 
cabbage juice, which registered a logarithmic tendency, the prediction functions of the values 
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of the analyzed parameters in all the samples (Fig. 3) were defined as polynomial, the R 
squared being very close to unit.  

Expressing the viable cells count in log CFU/ml, the evolution of this parameter 
during the fermentation of the samples is shown in Fig. 4. Correlated with the increasing of 
the titratable acidity, the values were lower until 6 hours in the red cabbage juice and 
cucumber with onion juice added respectively. The difference was diminished in the next run 
of the process.  

The tested culture, routinely used for dairy products, was found to be capable of 
growing on pure vegetable juices without nutrients added. In the experimental conditions 
mentioned above, for an initial concentration of Lb. acidophilus LA-5 by 8x105CFU/ml, the 
maximum volumetric productivity was determined after 8 hours in all the samples as follows: 
19.25x1014 CFU/(L·h) for Cb, 11.9x1014 CFU/(L·h)  for RCb, 18.6x1014 CFU/(L·h) for Cc  
and 10.25x1014 CFU/(L·h) for CcO respectively. 
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Fig. 4. The evolution of viable cells during the lactic acid fermentation of different vegetable juices with Lb. 
acidophilus LA-5 

 
Until 24 hours the lower pH values become inhibitory in all the fermented juices, the 

number of viable cells decreasing by about one log. However, the storage of the final products 
at refrigeration temperatures beneficial influenced the survival rate of bacteria, a count by 
106/ml being viable after one month. The above mentioned aspect is important for the 
evaluation of the probiotic character of the vegetable juices.  

The maximum rate of acidification vmax was calculated as the time variation of pH 
(dpH/dt) and expressed as pH units/min (Table 1). The highest maximum rate of acidification 
was determined in the case of the cucumber juice, no significant differences between the red 
cabbage juice and the cucumber juice with onion juice added being noticed. The time to reach 
vmax was close to 2 hours for all the samples, while the time to reach pH 5.0 (tpH 5.0, hours), 
important indicator referring to the stability of the final products, varied between 1.9 hours 
(Cb) and 3.5 hours (CcO).  

According D. ALTIOK ([18]), the parameters could be divided into two groups: 
kinetic parameters and stoichiometric parameters. The kinetic parameters were the Monod 
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parameters (µmax and Ks) and Luedeking-Piret equation parameters (α and β). The 
stoichiometric coefficients are the yield coefficients for biomass and product on substrate 
(YXS and YPS). 
 
Table 1. Kinetic parameters of the lactic acid fermentation of vegetable juices with  Lb. acidophilus LA-5 

Sample vmax, 
units/min 

tpH 5.0, 
hours 

YXS, g/g YPS, g/g α β 

Cb 8.83 1.9 0.077 0.469 4.102 0.626 
RCb 6.83 2.87 0.072 0.502 3.158 0.709 
Cc 9.33 2.3 0.084 0.558 5.24 1.373 
CcO 6.66 3.5 0.083 0.437 4.175 0.778 

 
Using SPSS 19, the values of the growth associated product formation (α) and non 

growth associated product formation (β) for all the samples are summarized in Table 1. From 
previous studies the data for the same experimental are not available. For other design, a lot of 
data are quoted in literature for different strains of Lactobacillus and Lactococcus. In this 
sense, the above mentioned values were close to those determined by others in the lactic acid 
fermentation of different media. For example, with Lb. helveticus J. BIAZAR & al. ([27]) 
calculated values by 4.6 for the growth associated product formation and 0.23 for the non-
growth associated product formation, while using Lb. rhamnosus S. KWON & al. ([28]) 
established values by 6.6 for α and 0.33 for β respectively. 

Both values for product yield coefficient (YP/S) and substrate yield coefficient (YX/S) 
were higher in the case of the cucumber juice. In fermentation of different media with 
Bifidobacterium animalis subsp. lactis Bb12, H. JALILI & al. ([29]) obtained for YXS values 
from 0.05 to 0.13, while for YPS values from 0.47 to 0.57. J. BIAZAR & al. ([27]) determined 
0.064 and 0.61 as values for the substrate and product yield coefficient respectively. 
Table 2. The Pearson coefficients for the experimental batches 

Parameter pH lactic acid glucose viable cells biomass 
pH 1 -0.801** 0.513* -0.942** -0.946** 
lactic acid 1 -0.643** 0.781** 0.810** 
glucose 1 -0.508* -0.507* 
viable cells 1 0.979** 
biomass 1 

**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 

 
The correlation between the most important parameters of the lactic acid fermentation 

of  vegetable juices with Lb. acidophilus LA-5 were evaluated using Pearson correlation 
analysis (p < 0.01), summarized in Table 2. The correlations were moderate between glucose 
- pH (0.513), respectively glucose - biomass (-0.507) and glucose - viable cells (-0.508), while 
a strong relationship for pH - viable cells (-0.942) and pH - biomass (-0.946) can be 
considered (Table 2). Thus, the pH decrease during fermentation correlates with the viable 
cells and biomass increasing. The coefficient by -0.801 showed also a strong correlation 
between pH and lactic acid, the higher indirect linear dependence among these variables being 
a consequence of the activity of lactic acid bacteria, which produced mainly lactic acid.  
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The PCA was used for reduction of information of a large number of variables into a 
smaller set while losing only a small amount of information (Z. KOHAJDOVÁ and J. 
KAROVIČOVÁ [17]). Applying PCA to the experimental data, the analytical variables were 
reduced to one principal component, which accounted for 80.43% from the total variance. 
According to the component matrix (Table 3), the most notable variables were: pH (loading 
0.954), lactic acid (loading 0.902), viable cells (loading 0.956) and biomass (loading 0.963). 
 

Table 3 Component loadings expressed by the first principal component for the analytical variables 

Analytical 
variable 

Component 
1 

pH -0.954
lactic_acid 0.902
viable_cells 0.956
glucose -0.676
biomass 0.963

 
According PCA method, each eigenvalue represent the part of the explained variance, 

attracted by the respective component. The dependence between the number of principal 
components and the eigenvalues for the analytical parameters of lactic acid fermented juices 
is shown in Fig.5.  

For the results evaluation, the cluster method of centroid was used. The distances 
between objects were measured as squared Euclidean distance. CA divided the experimental 
data into three groups, characterized by similar analytical properties, as follows:  
• cluster 1: cabbage juices inoculated with Lb. acidophilus LA-5 from 2th to 8th h of 

fermentation (Cb2 - Cb8); red cabbage juices inoculated with Lb. acidophilus LA-5 from 8th 
to 24th h of fermentation (RCb8 - RCb 24); cucumber juices inoculated with Lb. acidophilus 
LA-5 from 0th to 2th h of fermentation (Cc0 - Cc2); cucumber juices with onion juice added 
inoculated with Lb. acidophilus LA-5 from 0th to 4th h of fermentation (CcO0 - CcO4); 

 
Fig. 5 Screen plot of the eigenvalues for the analytical parameters of lactic acid fermented vegetable juices 
 
• cluster 2: cabbage juices inoculated with Lb. acidophilus LA-5 in 24th h of fermentation 

(Cb24); cucumber juices inoculated with Lb. acidophilus LA-5 from 4th to 24th h of 
fermentation (Cc4 - Cc24); cucumber juices with onion juice added inoculated with Lb. 
acidophilus LA-5 from 6th to 24th h of fermentation (CcO6 - CcO24); 
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• cluster 3: cabbage juices inoculated with Lb. acidophilus LA-5 in 0th of fermentation (Cb0); 
red cabbage juices inoculated with Lb. acidophilus LA-5 from 0th to 6th h of fermentation 
(RCb0 - RCb 6). 

None of the cucumber juice samples were included in the cluster 3, due to the general 
trend of both the chemical and microbiological parameters, which underlined a vigorous 
development of the lactic acid fermentation. The white cabbage juice at the initial moment of 
time, respectively the red cabbage juices until the first 6 hours of fermentation are present in 
the cluster 3, due to the low or moderate values of the experimental data into the general 
dynamics of the analytical parameters.  

Cluster 2, characterized through a higher titratable acidity, a lower pH values, a lower 
content in reducing sugars and also a higher content of viable cells consists of the cabbage 
juice in 24 hours of fermentation, cucumber juices (in both experimental) from 6 to 24 hours 
and also the cucumber juice without onion juice added in 4 hours of fermentation. 

Finally, cluster 1 was made by samples with average values of the experimental data. 
Illustrating the above mentioned aspects, in Fig. 6 are shown the clusters in axes of two 
selected variables.  

  

  

Fig. 6 Clusters plotting in coordinate of two selected variables: glucose - pH; glucose - lactic acid; glucose - 
viable cells. 

J. KAROVIČOVÁ and Z. KOHAJDOVÁ ([30]) used PCA, FA and CA for the 
relationships evaluation between analytical and sensory parameters measured during the 
fermentation of cabbage-carrot juices inoculated with Lb. plantarum. PCA reduced the 7 
analytical variables to one independent component that accounted for 96.92% of the total 
variance, while CA divided the samples into two groups, in function of the lactic and acetic 
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acids content. If Lb. plantarum was used for the fermentation of the cabbage juices with 
various additions of onion juices, the PCA reduced seven original analytical parameters to one 
principal component that accounted for 81.45% from the total variance. CA divided samples 
into five groups that were characterized by similar analytical properties (Z. KOHAJDOVÁ 
and J. KAROVIČOVÁ [17]). 

Applying PCA to the lactic acid fermentation of cabbage juices with various 
microorganisms, Z. KOHAJDOVÁ and J. KAROVIČOVÁ ([31]) established that the original 
7 analytical variables were reduced to 2 independent components that explained 88.2% from 
total variance of input data (PC1 66.9% and PC2 21.3%). Two PC which explain 70.3% of the 
total variance were determined by R. Di CAGNO & al. [32] using PCA to viscosity, 
tonalities, ascorbic acid, glutathione, total antioxidant activity, glutamic acid and total free 
amino acids of tomato juices fermented with ten autochthonous strains and stored for 40 days. 
 
Conclusions 
  

Although some differences between the growths trends of Lb. acidophilus LA-5 were 
determined, all the analyzed vegetables are suitable for obtaining lactic acid fermented juices 
with a higher self-life. With a view to underline the probiotic characteristics of these ones, the 
number of viable cells during the storage must be monitored. 

Application of Principal Component Analysis selected the most important parameters 
from analytical point of view: pH, lactic acid, biomass and viable cells, while the Cluster 
Analysis divided the experimental variables into three groups. 
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