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Abstract 
In the current work, experiments oriented to the preparation of lactic acid fermented 

vegetable juices were carried out. The study was performed to investigate the metabolic pathways of 
lactic acid bacteria originated from the epiphytic microbiota of vegetables through analysis of the 
dynamics of some important products of fermentation. Particularly the evolution of some chemical 
(reducing sugars, lactic acid, amino acids, nitrites) and microbiological (number of viable lactic acid 
bacteria) parameters was compared. The stability of the juices was higher after 96 hours of 
fermentation because the lactic acid content increased from 0.06 to 1.41g/100ml. The amount of 
consumed reducing sugars of the juices, respectively the population of useful bacteria were 
correlated with the lactic acid production. An important indicator for the metabolism of lactic acid 
bacteria involved in the fermentative processes was considered also the amount of carbon dioxide, 
which was reached a maximum value of 0.39g/100ml. The dynamics of the amino acids content 
during the lactic acid fermentation of juices underlined that the pre-digestion of proteins improves 
the nutritional quality of the final products, while the decrease of the nitrites content was considered 
significant to point out the denitrification activity of lactic acid bacteria. 
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Introduction 
 

Contextual problems. Consumer interest in the relationship between diet and health has 
increased the demand for information about functional foods. According to the Food and 
Nutrition Board of the American Academy of Sciences, the group of functional foods consists 
of food-industry products with potentially favorable effects, which may provide a health effect 
exceeding the one characteristic for traditional food. Functional attributes of many traditional 
foods are being discovered, while new food products are being developed with beneficial 
components [1]. In the modern food production technology, a significant contribution to this goal 
may be accomplished by applying biological processes of production and transformation [2]. 
 Food biotechnologies can provide the instruments to achieve this goal. Using 
microorganisms and enzymes there can be started biochemical pathways which are not 
usually in obtaining many food products.  
 Lactic acid fermentation in the production of foodstuffs. Fermentation of foodstuffs is 
a desirable process of biochemical modification of primary food products. The microorganisms 
and their enzymes played the major role in this respect. Fermentation improves flavor and taste, 
extends the shelf-life and increases the nutritional value of thus treated products [3]. 
The lactic acid fermentation of vegetable products, applied as a preservation method for the 
production of finished and half-finished products, is considered as an important technology and 
it is further investigated because of the growing amount of raw materials processed in this way 
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in the food industry. The main reasons for this interest are the nutritional, physiological and hy-
gienic aspects of the process and their corresponding implementation and production costs [4]. 
Due to the presence of carbohydrates, vegetable juices are suitable substrates for lactic-acid 
fermentation. Through fermentation, these juices are preserved and the protective and 
nutritive properties of the products are improved [5]. 
In many countries the consumption of lactic acid fermented vegetable juices increases [6]. 
 Lactic acid fermented vegetable juices are produced mainly from cabbage, red beet, 
carrot, celery and tomato [7].  
 Lactic acid fermented vegetable juices can be produced by two procedures: the 
vegetable is fermented in a usual way and then it is processed by pressing the juice (manu-
facture from sauerkraut), or the vegetable is processed to mash or raw juice at first and it is 
consecutively fermented. There are 3 types of fermentation of vegetable juices: spontaneous 
fermentation by natural microflora, fermentation by starter cultures that are added into the raw 
materials and fermentation of heat-treated materials by starter cultures [8]. 
 Metabolic fermentation pathways of lactic acid bacteria. By definition, lactic acid 
bacteria are bacteria that ferment a sugar (e.g. glucose) predominantly to lactic acid [9]. Lactic 
acid bacteria are considered to have several beneficial physiological effects such as 
antimicrobial activity enhancing the immune potency [10] and to prevent cancer and lower 
serum cholesterol levels [11]. In contrast with gljycolise, when the L(+)-lactic acid is 
produced in the animals muscles, through lactic acid fermentation the racemic L (±) lactic 
acid [12]  is usually formed. 
 The carbohydrates metabolism of different species of lactic acid bacteria is various. 
Thus, the biochemism of producing fermentation products vary with the enzymatic equipment 
of lactic acid bacteria and the available carbon sources [13]. 
 Homofermentative lactic acid bacteria produce the anaerobic fermentation of hexoses 
via the Embden – Meyerhof – Parnas (EMP) pathway until pyruvic acid formation and then, 
being divided by pyruvatdecarboxilase, the pyruvic acid becomes acceptor of hydrogen. The 
global equation of the homolactic fermentation is the following: 
 

C6H12O6 + 2ADP + 2Pi                          2CH3 – CHOH – COOH + 2ATP (75kJ) 
 

 The reduction of the pyruvic acid happens by the action of lactatdehydrogenase which 
need NAD+/NADP+ as coenzymes. In the homolactic fermentation the predominant form of 
lactic acid is dependant on the lactatdehydrogenase specificity (Lactococcus form L(+)-lactat 
and Lactobacillus D(-)-lactat), but also on the presence of lactate racemase which, when is 
active in the microorganisms’ cells, results the racemic (D,L-lactat) by fermentation. 
 In order to be fermented, glucose, galactose and lactose had to be transported as such in 
the cell through an active system of permeases present in thermophilic lactobacilli, or through 
an active transport catalyzed by the phosphotransferase – phosphoenolpyruvat (PT-PEP) 
system, present in Lactococcus and Lactobacillus sp., with production of phosphoric esters. 
 Heterofermentative lactic acid bacteria produce the anaerobic fermentation of glucides 
via the pentoso-phosphate (6P-gluconat) pathway. The kind of fermentation products depends 
on the involved species. Thus, Lactobacillus brevis produce through heterolactic fermentation 
lactic acid, acetic acid and carbon dioxide, while Leuconostoc mesenteroides – lactic acid, 
ethanol and carbon dioxide [13]. 
 Functional properties of the lactic acid fermentation products. The characteristic 
products of lactic acid fermentation are lactic and acetic acid [14]. The antimicrobial action of 
these acids is related to the ability of the undissociated acid molecules to penetrate through the 
bacterial plasma membrane as a function of their diffusion constant. Lactic acid also contributes 
to the natural protection of the body against various infections, increases immunity and acts as a 
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physiological disinfection agent, improves digestion and acts against liver diseases [6]. Acetic 
acid is more inhibitory than lactic acid and can inhibit yeasts, moulds and bacteria [15].  
 Produced carbon dioxide replaces the air and provides anaerobic conditions favorable 
for the stability of ascorbic acid and the natural color of vegetables [16]. 
 Bacteriocins produced by lactic acid bacteria are peptides or small proteins that are 
frequently inhibitory towards many undesirable bacteria, including food-borne pathogens (e.g. 
Listeria monocytogenes) [17]. Bacteriocin-producing strains can be used as part or adjuncts to 
starter cultures for fermented foods in order to improve safety and quality [15].  
 The aim of the paper and the problems tackled. According to the health, nutritional 
and sensorial value of juices obtained from vegetables and their safety achieved as result of 
fermentative processes, in this study there were analyzed some metabolic features occurring 
during lactic acid fermentation of vegetable juices using correlations between the most 
important variables. So, the lactic acid fermentation of carrot, red pepper and cabbage 
individual juices and also of cocktails were analyzed in order to improve the biotechnology of 
obtaining such food products with a high alimentary quality. The most important considered 
correlations are: (a) substrate amount – reducing sugar content / final product content - lactic 
acid production, (b) lactic acid production – lactic acid bacteria growth, (c) initial substrate 
amount (reducing sugars) and final products production (lactic acid and carbon dioxide). 
Because of the implication in the nutrition of the lactic acid bacteria there was also analyzed the 
bio-availability of nitrogen nutrients as amino acids for the metabolism of the lactic acid 
bacteria (d) and also the nitrites dynamics during lactic acid fermentation of vegetable juices (e). 
 
Materials and methods 
 

 Materials and material pre-processing. Fresh vegetables (carrots, red peppers, cabbage) 
were bought from the local free vegetable market of the Dambovita County (Romania) in 
September. The vegetables were specifically processed by washing, scrubbing and removing non-
edible pieces. The outer leaves of the cabbage were removed and it was chopped into small slices. 
The seeds of the peppers were also removed. All the juices were obtained by pressing the 
vegetables with a domestic juice-maker. The obtained samples were noted according to the raw 
material name: C - carrot juice, RP - red peppers juice and Cb - cabbage juice.  
 Sample preparation. The fresh juices were combined in different proportions. After 
the sensorial analysis of the obtained cocktails, the following were considered desirable and 
chosen to be further investigated: carrots : red peppers 1:1 (CRP), carrots : red peppers : 
cabbage 2:1:1 (CRPCb). 
 In order to destroy the undesirable microorganisms, all juice samples were 
temperature treated (10 minutes at 80oC). Pasteurization of freshly prepared juices decreased 
the microbiota below the detection limit. 
 The individual juices and the cocktails were then supplied with a brine inoculum 
containing 105 cells/ml lactic acid bacteria mixture, isolated from the epiphytic microbiota of 
the vegetables, respectively fortified by addition of 1.5% NaCl.  
 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.  
 Process performing. The lactic acid fermentation was performed in a thermostat at 
24oC during 96 hours. The samples were daily (at 24, 48, 72 and 96 hours) investigated 
through sensorial, chemical and microbiological analysis. 
 Analyses. There were performed the following physic-chemical analyses: reducing 
sugars according Schoorl (verified using the spectrophotometric method with 3,5-dinitrosalicilic 
acid after defecation with basic lead acetate), expressed as [g glucose/100 ml juice], total acidity 
expressed as [g lactic acid/100ml juice] (titrimetric), amino acids content according Sörensen 
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expressed as [g glycocoll/100ml], carbon dioxide expressed as [g/100ml] by daily weighting of 
the vessels with fermentation valves, nitrites content according Griess expressed as [mg NO2

-

/100ml]. During the microbiological analysis, the lactic acid bacteria amount was directly counted 
on the microscope using a Burker-Turk counting chamber and expressed as [cells/ml juice]. 
 Data processing. The data were processed using the computer application Microsoft 
Excel. There were performed time depending line plots to realize a comparative investigation 
of the correlative variation of the sugar break down and the lactic acid production of the 
different lactic bacteria inoculated.  
 The correlation coefficient was calculated for each experimental batch using the 
function CORREL of the same application. 
 The correlation between the biomass amount and the production of lactic acid was 
described using the Luedeking & Piret model [2].  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), throughout fermentation at a given pH, by the expression: 
 

dP/dt = α dN/dt + β N 
where the constants α and β are determined by the pH of the fermentation.  
  
 A simplified presentation of the above model relates to the linear part of the equation 
which is presented as: 

(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 (log CFU/ml) initially and at time t, respectively. 
 
Results and discussions 
 

 (a) The correlation between the substrate amount (reducing sugar content) and the 
lactic acid production 
 The outcome of the lactic acid bacteria activity during lactic acid fermentation represents 
the substrate break down. During the 96 hours fermentation, the decrease of the reducing sugars 
correlated with the lactic acid accumulation of all juice samples is presented in figure 1 and 2. 
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Figure 1. The correlation between the reducing sugars catabolism and the production of lactic acid during the 

fermentation of individual juices. 
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Figure 2. The correlation between the reducing sugars catabolism and the production of lactic acid during the 

fermentation of cocktails 
 
 The highest decrease of the reducing sugars amount was realised in the first 24 hours 
in the case of the individual juices (0.8g/100ml for sample C; 2.05g/100ml for sample RP, 
respectively 1.64g/100ml for sample Cb). The situation was different in the case of the 
cocktails submitted to lactic acid fermentation. Thus, the quantities of broken down substrate 
were maximal after 48 hours from the starting of the process (1.3g/100ml for sample CRPCb, 
respectively 1.15g/100ml for sample CRP). A possible explanation can be the necessity of 
lactic acid bacteria for accommodation to a different new environment, which is more 
complex than that in individual juices.  
 According Kopec (2000), quoted by [6], the content of sugars in raw materials must be 
sufficiently high (at least 40g/kg) for an optimal course of lactic acid fermentation. Between 
the raw materials used to obtain fresh juices, the red peppers and the cabbage were different 
through a higher content of reducing sugars. For this reason the decrease of this parameter in 
the RP and Cb juices was also significant during the interval between 24 - 48 hours, being 
about 1.5g/100ml.  
 If the differences between the reducing sugars content of the RP and Cb juices were 
constantly during 96 hours of fermentation, not the same can be remarked concerning their 
acidity expressed as lactic acid. This suggests that the lactic acid bacteria metabolism was 
orientated in a higher proportion to secondary compounds production in the cabbage juice 
toward the pepper juice. At the end of the analyzed period of fermentation, the ratio between 
the substrate break down and the resulted acidity of both samples were quite the same. 
 A different situation was observed in the case of the carrot juice fermentation. The 
initial content of reducing sugars in the raw material was although rather small in comparison 
with the RP and Cb juices. The lactic acid accumulation after 96 hours was comparable with 
that registered in the cabbage juice. Thus the environment represented by the carrot juice 
seems to be favourable to the homofermentative species development. The initial inoculum 
proceeded from the spontaneous fermentation of vegetables in brine contained species which 
can some of them have homofermentative and some of them heterofermentative metabolism. 
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 In the last 3 days of fermentation the amount of reducing sugars decreased slowly in 
all the samples. The diminishing rate of this parameter after 96 hours of fermentation varied 
between 33.97% (in the cocktail obtained from carrots and red peppers) and 71.92% (in the 
cabbage juice). 
 According to the dynamics of sugars break down, the increase of the total acidity was 
maximum after 24 hours in the case of the individual juices, respectively after 48 hours in the 
case of the cocktails. 
 The lactic acid accumulation in the red pepper juice is higher, due to the highest 
content in reducing sugars of the raw material. Also, from the analyzed vegetable juices at the 
initial moment of fermentation, this batch was remarked having a higher acidity, due to the 
content in organic acids like citric acid.  
 After 96 hours, all the values of the titration acidity of the vegetable juices varied 
between 1.02 and 1.06g/100ml, excepting the red pepper juice batch, which had a value of 
1.41g/100ml in the same period of time. It is important to specify that the last acidity can be 
considered excessive from the point of view of the consumer. In the case of the fermented 
pepper juice, this acidity was masked by the residual content of sugars that smooth the 
excessive sour taste. On the other hand, values about 10g/l lactic acid are sufficient high to 
induce pH decrease at non-dangerous levels (regarding to the development of the adulteration 
microorganisms) and to assure the preservation of the final products for a long time at lower 
temperatures (refrigeration).  
 From the figure 2 it can be observed that the acidities of the two mixtures of individual 
juices (CRPCb and CRP) were much closer and the content in reducing sugars was although 
different. During the 96 hours of fermentation, the differences between the sugars content of 
these samples remained steady. When the initial carbohydrates content of juices is about 
4g/100ml, a surplus of glucose of 0.74g/100ml seems to be not important for the lactic acid 
production in the experimental conditions. 
 All the data presented in figure 1 and 2 suggest that the initial amount of sugars is 
important in the sense to be enough for lactic acid bacteria growth and multiplication. But, on 
the other hand, the final acidity of lactic acid fermented vegetable juices depends on the type 
of lactic acid bacteria used, on the available sugars and on other substances present in the 
substrate (for example, according [18], it is known that some juices of fresh cabbage and 
some heated cabbage inhibited the growth of lactic acid bacteria at different degrees).  
 Analyzing the correlation between the sugar metabolization and the lactic acid 
production by the lactic acid bacteria using the R squared coefficient, the high correlation 
between these processes was confirmed in all experimental batches (0.96443 for the juice C, 
0.99466 for the juice RP, 0.98449 for the juice Cb, 0.98397 for the cocktail CRPCB and 
0.98898 for the cocktail CRP). The highest correlation was determined in the case of the red 
pepper juice followed by the cocktail with the highest percent of red pepper because in these 
cases the homolactic fermentation was dominant. In the case of the carrot juice there interfere 
the homolactic and heterolactic bacteria in the sugar metabolism. The selection and the 
cohabitation of these two kinds of lactic acid bacteria were made by the lower initial sugar 
content that didn’t allow the explosive proliferation of the homolactic bacteria. This idea is 
sustained also by the smoother slope of the sugar metabolism and the inflexed slope at 48 
hours for the lactic acid accumulation presented in figure 1 for the carrot juice. 

 (b) Correlation between the lactic acid production / lactic acid bacteria growth 
 For a better understanding of the comparative relationships of the increase in the 
number of cells and production of lactic acid, the Luedeking & Piret model was applied [2]. 
This model allows relating the instantaneous analytically measured lactic acid amount with 
the instantaneous rate of bacterial growth.  
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 From the preservation point of view, the rapid decreases of the pH value of juices, due 
of the lactic acid that result from different metabolic pathways of useful bacteria, represents 
the most important criterion. So, with a view to distinguish the real number of lactic acid 
bacteria involved in the lactic acid production, the Luedeking & Piret model was modified by 
replacing the CFU with the direct counted number of cells. Graphical presentation of the 
obtained data (figure 3) shows the correlation between the lactic acid production and the lactic 
acid bacteria growth using this model. 
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 Figure 3a. The lactic acid production                   Figure 3b. The lactic acid production  
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Figure 3c. The lactic acid production in the cabbage juice 
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Figure 3d. The lactic acid production                      Figure 3e. The lactic acid production  
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 Better linear correlations, which show a strong connection between the number of 
lactic acid bacteria and the lactic acid production, were observed in the case of the cabbage 
juice and the cocktails. The R squared coefficient (R2) had values more than 0.9 in this cases. 
Furthermore, a relatively strong linear correlation was established between the two parameters 
in the case of lactic acid fermentation of the red pepper juice (R2=0.77). In the case of the 
carrot juice the R squared coefficient had a value less than 0.75, considered acceptable to 
describe a satisfactory correlation between two parameters. According [19], the deviations 
from the linear dependence are mostly caused by nutritive limitations of the substrates, and 
are related to the specific bacterial species.  
From all the data presented in figures 1-3 it is obvious that the catabolism of lactic acid 
bacteria in the fermented vegetable juices was orientated on the one hand to the lactic acid 
production (homolactic fermentation) and on the other hand to the secondary compounds 
production (heterolactic fermentation). One of these secondary compounds was carbon 
dioxide, which is produced in almost all heterofermentative pathways.  

 (c) Correlation between the initial substrate amount (reducing sugars) and the 
production of lactic acid and carbon dioxide 
 The quantities of the reducing sugars consumed, the lactic acid formed, respectively 
the carbon dioxide resulted after 96 hours of the vegetable juices fermentation can be 
observed in the table 1. 
Table 1. The quantities of substrate break down and of some final products resulted during lactic acid 
fermentation of vegetable juices after 96 hours 

Sample Reducing sugars 
consumed, g/100ml 

Lactic acid resulted, 
g/100ml 

Carbon dioxide 
resulted, g/100ml 

C 1.27 0.965 0.07 
RP 4.22 1.19 0.17 
Cb 3.33 0.899 0.21 

CRPCb 1.97 0.909 0.36 
CRP 1.6 0.885 0.39 

 

 Analyzing after 96 hours of lactic fermentation the amount of converting the substrate 
represented by the reducing sugar content in final products like lactic acid and carbon dioxide, 
it is evident that there must be also an amount of other compounds which are produced during 
lactic fermentation (figure 4).  
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Figure 4. Comparative amount of substrate break down and final products production after 96 hours of lactic 

fermentation of vegetable juices 
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 According to the stoechiometric relation of the lactic fermentation from 1g glucose 
consumed during 96 hours of the juice fermentation, the following final products were obtained: 

• 0.75g lactic acid and 0.055g carbon dioxide in the case of the carrot juice;  
• 0.28g lactic acid and 0.04g carbon dioxide in the case of the red pepper juice; 
• 0.26g lactic acid and 0.06g carbon dioxide in the case of the cabbage juice; 
• 0.46g lactic acid and 0.18g carbon dioxide in the case of the cocktail obtained from 

carrots, red peppers and cabbage; 
• 0.55g lactic acid and 0.24g carbon dioxide in the case of the cocktail obtained from 

carrots and red peppers. 
 In heterofermentation result, besides lactic acid, carbon dioxide, acetic acid, ethanol, 
manitol, depending on the sugars existing in the substrate [20]: 

 

2 glucose                  2 lactic acid + acetic acid + ethanol + CO2 
  2 fructose                  2 manitol 
 

 The carbon dioxide results from the heterolactic fermentation but also from the 
decarboxilation of organic acids and amino acids by homofermentative lactic acid bacteria, 
respectively from the action of the coliform bacteria and the yeasts. 
If the metabolism of lactic acid bacteria is orientated to the production of lactic acid, acetic 
acid, ethanol and carbon dioxide from glucose, respectively to the production of mannitol 
from fructose, result that from 1g metabolized reducing sugars can be obtained, theoretically, 
0.25g lactic acid and 0.06g carbon dioxide. Comparing these values with the obtained data, it 
can be concluded that they are very close to those established in the case of lactic acid 
fermentation of the red pepper juice, respectively of the cabbage juice. 
 The higher amount of lactic acid resulted from the fermentation of the carrot juice 
indicates that in this sample were also active some homofermentative species. So, if from 1g 
glucose results 0.5g lactic acid (according the before mentioned equation) and 1g fructose is 
converted in glucose which is metabolized only in lactic acid, quantities about 0.75g lactic 
acid and 0.06g carbon dioxide can be obtained from the activity of homofermentative and 
heterofermentative lactic acid bacteria. 
 The conversion of glucose in lactic acid, ethanol and carbon dioxide has as result, 
theoretically, 0.5g lactic acid and 0.24g carbon dioxide from 1g substrate. These values are 
closer to those obtained in the case of the cocktails fermentation. 
All these aspects indicate that from the lactic acid fermentation of the individual red peppers 
and cabbage juices resulted important quantities of secondary compounds which was not the 
case of the fermentation of the others juices. Moreover the raw materials used for both 
samples contained higher quantities of reducing sugars. 
 

 (d) The bio-availability of nitrogen nutrients for the metabolism of lactic acid bacteria  
 The growth and the biosynthesis of the lactic acid bacteria cell components require 
also a nitrogen source. One of them is represented by the free amino acids of the juices. On 
the other hand, the proteolytic activity of the lactobacilli contributes to the liberation of some 
amino acids, which stimulated the growth and the activity of other lactic acid bacteria. It is 
considered that the endoproteolytic activity of lactobacilli is associated with the cells 
membrane and that the exoproteolytic activity is located intracellular [20]. 
 These two opposite phenomena determined alternative increases and decreases in the 
free amino acids content of the juices submitted to fermentation (figure 5). Based on the results 
presented, no very significant differences between the analyzed samples were observed, if it is 
considered the initial moment, respectively the data established after 96 hours.  
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Figure 5. The dynamics of the free amino acids during lactic acid fermentation of juices 
  
 Thus, in absolute values the increase in the amino acids content at the end of the 
fermentation process was only by 0.009g/100ml (Cb), 0.0002g/100ml (CRPCb), respectively 
0.0017g/100ml (CRP). In the others juices submitted to lactic acid fermentation, the decrease of the 
amino acids content was about 0.005g/100ml (C), respectively 0.009g/100ml (RP) after 96 hours.  
 In percentages the income of the nitrogen content of cocktails after 96 hours of 
fermentation was only 0.57% (CRPCb), respectively 5% (CRP), while in the case of the 
cabbage juice the difference is meaningful (21.95%).  
 The data presented in the figure 5 shows a very slow decrease of the nitrogen content 
in the first 24 hours of fermentation in the case of all analyzed juices. This parameter 
increased continuously 24 hours later in the samples C and Cb. At the end of the analyzed 
period, a unitary tendency regarding the evolution of the amino acids content was not 
registered. Nevertheless, in the interval 72 – 96 hours one can observe a constant bearing for 
the individual juices, respectively for the cocktails, which indicates the equilibrium 
established between the break down and the liberation of these compounds. 
 Though the cabbage juice was remarked, during all the analyzed periods of time, 
through a higher quantity of nitrogen comparatively with the others samples. 

 (e)The nitrites dynamics during lactic acid fermentation of vegetable juices 
 Nitrates and nitrites are among the chemical indicatives monitored by different 
organizations that are concerned about environment pollution and safety of food products [21]. 
It is known that the nitrogen is the principal nutritional element involved in the growth and 
development of vegetables. Usually, due of the reduced amount of ammonium ions from soil, 
the plants from agricultural crops absorb more nitrogen as nitric form [22]. The nitrates 
become toxics if they are reduced to nitrites. In certain conditions the nitrites are noxious and 
even lethal for the animal organisms. The nitrates reduction to nitrites is realized either on the 
gastrointestinal tract of the animals or even in the vegetable material after its harvesting and 
preserving a longer period of time at the temperatures over 0oC [23]. 
 The oxidoreduction potential of fresh vegetables is positive. If these products are 
pressed in order to obtain juices, or if they are thermal treated, a disaeration is produced and 
they acquire a reducing feature [24]. 
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 The lactic acid fermentation of vegetables represents a modality to reduce their nitrate 
and nitrite content [25]. Also, the nitrite reduction can occur in some strains of Lb. plantarum, 
Lb. acidophilus, Lb. lactis, Lb. viridescens [26]. 
 Regarding the role of some lactic acid bacteria cultures with a view to ensure food 
innocuity, according [20] in the sauerkraut the nitrites content initially increases and after 5 
days of fermentation decreases. Because of the lower pH value, the residual nitrite reaches 
non-dangerous levels for the nitrosamines production.  
 The dynamics of the nitrites during 96 hours of lactic acid fermentation of the 
individual juices and the cocktails is represented in figure 6. 
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Figure 6. The evolution of the nitrites content during lactic acid fermentation of vegetable juices  
 
 Though the red pepper juice was remarked, at the initial moment of fermentation, 
through a higher quantity of nitrogen comparatively with the others samples. 
 During the first 48 hours of lactic acid fermentation an increase of the nitrite content was 
registered only in the carrot and cabbage juice, probably because the nitrate underwent a reduction 
in nitrite. These two samples had also lower values of NO2

- at the initial moment of fermentation. 
 From the graphically presented data result also that the red pepper juice had a higher 
amount of nitrite, comparatively with the others (0.81mg/100ml juice, which represents a 
value about 3.75 times higher than the same parameter in carrots juice). It’s important to 
specify that the food law restricts only the nitrate content in vegetables, so that the determined 
quantities can’t be compared with the maximal allowed levels. 
 Except for the Cb sample, during the 96 hours of lactic acid fermentation the nitrites 
content was reduced in percentages that varied from 16.66% in the case of the carrot juice to 
91.35% in the case of the red pepper juice. As a consequence of the lactic acid fermentation of 
cocktails, the NO2

- content was decreased with 54.38% in the cocktail obtained from two 
vegetables (CRP), respectively with 77.41% in the other one (CRPCb). Thus it’s obvious that 
through lactic acid fermentation of vegetable juices, the nitrite content of the raw materials is 
subtracted to harmless levels, due to the action of nitritreductase which has reduced these 
compounds to nitrogen oxides. It seems that this process is rapid, the increase of the number 
of lactic acid bacteria during fermentation being an argument in this sense.  
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 This dynamics of the nitrites content in the analyzed vegetable juices is of greatest 
importance for the safety of these food products. The favourable balance of nitrites confers to 
lactic acid fermented juices safety in consumption, a quality that is added to the other 
alimentary qualities of these products, like functional quality by their lactic acid content and 
probiotic quality by their alive lactic acid bacteria content.  
 
Conclusions 
 
 The knowledge of the metabolic pathways of useful bacteria during lactic acid 
fermentation of vegetable juices represents a basis for the fabrication process control and for 
obtaining the desirable qualities of the final products, respectively for preventing their 
spoilage. Successful monitoring will be dependent on the parameters correlations that are 
imposed by the necessity to improve the shelf-life of vegetable juices without adding 
preservatives. The survival rate of lactic acid bacteria after the acquiring of the final products 
stability in the aim of obtaining probiotic juices will be investigated further. 
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