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Abstract  
The effect of nutrients on probiotic stability during fermented juice storage in refrigeration 

conditions was studied. During storage, samples were taken at 7, 14 and 21 days and probiotics 
viability was determined. A Central Composite Design (CCD) was developed and two factors at five 
levels were studied: amount of honey (5-10g/100mL) and amount of freeze-dried vegetables pulp (1-
3g/100mL). A good cell survival was obtained by all samples at the end of the storage period, higher 

than 1×107 CFU/mL. The range of nutrient addition was established.  
Sensory analysis was performed on the 7th day after inoculation and the samples were accepted by 

all panelists. The addition of nutrients in vegetables juice before fermentation was concluded to be a 
possible way for the development of a probiotic fermented beverage. The fermented vegetables juice 
combine the benefits of vegetable-based products besides function roles occurring from existence of 
viable probiotics in a proper amount during the shelf life. 
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1. Introduction 
There is global interest, supported by World Health Organization, in promoting the 

consumption of fruits and vegetables for better health and well-being [1]. Generous amounts 
of fruits and vegetables must be included in the daily diet as they contain essential compounds 
like antioxidants [2]. Vegetables and fruits are high in potassium, low in sodium and are 
cholesterol-free. Juices are good sources of phytochemicals and vitamins and can also 
contribute to the overall fruit and vegetable intake [3].  

Lactic acid fermentation of juice represents the easiest and the most suitable way for 
increasing the daily consumption of fresh-like vegetables and fruits, and enhances their 
hygiene, sensory, nutritional and shelf life properties [4]. Fermentation plays different roles in 
the food processing, such as: preservation of food through formation of inhibitory metabolites 
as organic acids (lactic acid, acetic acid, formic acid, propionic acid), ethanol, bacteriocins; 
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improving food safety through inhibition of pathogens  or removal of toxic compounds; 
improving the nutritional value and sensorial quality of the food [5].  

New food matrices, such as fruit and vegetable juices, have been tested for use as 
probiotic carriers and they showed promising results [6]. Technological advances have made 
it possible to make fruit and vegetables matrices ideal substrates for the culture of probiotics, 
since they already contain beneficial nutrients such as minerals, vitamins, dietary fibers, and 
antioxidants, while lacking the dairy allergens that might prevent consumption by certain 
segments of the population [7]. Nondairy probiotic products have a continuous growth due to 
the popularity of vegetarianism and the expansion of lactose intolerance among people around 
the world [8]. The most typical food matrices for probiotic bacteria are the fermented dairy 
products, but it is possible to obtain probiotic foods from several other matrices, including 
both fermented and non-fermented products [9].  

An important challenge is to maintain the appropriate number of probiotics in food 
matrix during processing and storage, in order to provide the intended health benefit. Factors 
affecting the survival of probiotics during storage are: food ingredients and additives, 
moisture content/water activity, storage temperature, packaging aspects, oxygen content, 
redox potential, pH and titratable acidity [10]. The fermentation conditions often have to be 
adapted to maximize the survival of probiotic strains without compromising the stability of 
the whole food matrix. It is important to find out the most suitable candidate organism for 
fermentation, select different protective and carrier media, evolve a satisfactory technology to 
design foods which contain and maintain large populations of viable probiotic microorganism 
during processing and shelf life [11]. Some health benefits might be obtained from 
biocatalytic properties exhibited by probiotic strains leading to improvement of 
bioavailability and digestibility of food ingredients. A possible approach to this strategy is the 
improvement of sensory attributes of the food product [12]. 

Our previous studies show a decrease of probiotic viability during the storage period. The 
acidity of the fermented juice demonstrated a negative influence on attributes of samples [13]. 

To exercise functional roles, foods must contain viable probiotic cultures 108–109 CFU/mL 
at the time of consumption [14]. The present study considers a probiotic beverage with a good 
stability of functional and sensorial proprieties during storage period. Honey and freeze-dried 
vegetables pulp were used to improve sensorial attributes and viability of microorganisms in 
order to obtain a functional beverage.  

 
2. Materials and Methods 
2.1. Preparation of vegetable probiotic beverage  
The vegetable juice used for this study was obtained from beetroot, carrot and celery. The 

vegetables were purchased from the local market. After the preliminary cleaning operations, 
the vegetables were juiced with Philips Avance Collection Juicer (700W, United Kingdom). 
Honey and freeze-dried vegetable pulp were added in different proportion (according to Table 
2). Samples were inoculated with 6 log CFU/mL bacteria and yeast in a proportion 1:1:1, and 
then incubated at 37°C. Freeze dried Lactobacillus acidophilus LA-5 and Lactobacillus casei 
431 were obtained from Chr Hansen SRL (Brașov, Romania) and were directly used as a 
starter culture. Saccharomyces boulardii was obtained from Biocodex Laboratories 
(Montrouge, France). The fermentations were carried until the pH value of 4.6 was reached 
(after ca. 8-9 h) and stopped by rapid cooling to 4°C. All samples were stored under 
refrigerated conditions and monitored for 21 days.  
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2.2. Sensorial analysis 
The sensory profiles of the 11 samples were evaluated in the sensorial laboratory, by a 

trained panel of 10 assessors using the preferential method which is an effective method [15]. 
The fermented juice was served in 100 mL portions in white polystyrene cups, labeled 
randomly with selected codes. These portions were served at room temperature (ca. 20 °C) to 
better differentiate odors and flavors and facilitate the characterization and comparison for 
each sample. The samples were evaluated on the perceived intensity of 7 attributes (odor, 
acidity, flavor, mouthfeel, aftertaste, color, general aspect). The subjects assessed the intensity 
of samples attributes on a 0-10 line scale anchored at 0 ‘not at all’ at the left end and 10 ‘very’ 
at the right end. 

 
2.3. Statistical analysis 
SENPAQ 4.7 (QiStatistics, UK, 2008) was used to analyze the sensory profile data and 

the performance of assessors. 
The Central Composite Design (CCD) and the response surface modeling were used to 

optimize the amount of freeze-dried vegetables pulp and honey in order to obtain the good 
viability of probiotic microorganisms during storage. CCD builds a third order (cubic) model 
for the response variables. The design consists of three distinct sets of experimental runs: a 
factorial design of the factors studied, a set of center points (experimental runs whose values 
of each factor are the median values used in the factorial portion) and a set of axial points, or 
star samples. The design thus investigates 5 levels of each independent variable. The 
circumscribed CCD, with a star point distance at ±1.41, was used in the present optimization 
study. The experiments were performed in a randomized order to establish the external 
influences on the measured values. Table 1 shows the range of the studied factors and the 
corresponding coded levels. 

 
Table 1. Range of variation of the independent variables used in the Central Composite Design 

 

Independent variables Code 
Levels of variation 

-1.4142 -1 0 +1 +1.4142 
Amount of freeze-dried vegetables pulp 
(g/100mL) 

A 0.5858 1 2 3 3.414 

Amount of honey (g/100mL) B 3.9645 5 7.5 10 11.0355 
 
 
Two parameters were investigated and the cell viability during refrigerated storage was 

selected as response.  
The Unscrambler X software v. 10.1 (CAMO Software, Norway) was used for the 

experimental design and data analysis. 
The third order model used by the software for the tested experimental conditions can be 

generally described using the equation (1).  
 

Cell viability = b0+b1A+b2B+ b3A
2+b4B

2+b5AB+ b6 A
3+ b7 B

3 eq. (1) 
 

where A, B are the independent variables studied and b0 – b7 represent the constants for the 
overall process effect, the linear, the quadratic and cubic effects of each independent variable, 
and the interaction effects between variables on cell viability, respectively. 
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3.  Results and Discussion 
3.1. Viability of probiotic microorganisms 
A central composite design with 5 levels for 2 factors, the amount of freeze-dried 

vegetables pulp (A) and the amount of honey (B) were used in 11 runs to obtain a probiotic 
drink from vegetables juice. 

Table 2 presents the matrix of the complete CCD used for optimization, with coded and 
actual levels of the main variables studied, as well as the corresponding responses in terms of 
cell viability. Statistical analysis of the results in table 2 yielded an empirical model of cell 
viability as function of the amount of freeze-dried vegetables pulp and honey.  

 
Table  2. Matrix of experimental design (coded levels and real values) 

with responses in terms of cell viability 
 

Run 

Coded values Actual values  
Response 

cell viability 
(log CFU/mL) 

Amount of 
freeze-dried 
vegetables 

pulp 
(g/100mL) 

Amount of 
honey 

(g/100mL) 

Amount of freeze-
dried vegetables pulp 

(g/100mL) 

Amount of 
honey 

(g/100mL) 

1 -1 +1 1 10 10.65039 
2 0 -1.4142 2 3.9645 9.948814 
3 +1.4142 0 3.414 7.5 10.27861 
4 +1 -1 3 5 10.36535 
5 -1 -1 1 5 9.517592 
6 0 +1.4142 2 11.0355 10.49936 
7 +1 +1 3 10 10.87052 
8 0 0 2 7.5 10.40828 
9 0 0 2 7.5 10.4117 
10 -1.4142 0 0.5858 7.5 10.15773 
11 0 0 2 7.5 10.40756 

 
The optimized coded model for cell viability was represented using ANOVA; table 3 

includes the ANOVA parameters. The results of the ANOVA test showed a high value of the 
correlation coefficient (R2= 0. 96) and of the adjusted determination coefficient (Radj

2 = 0. 
86). These indicate, along with the fact that p<0.05, that the developed model is a good model 
for variable optimization for the production of probiotic beverage by vegetables juice 
fermentation. 

Replacing the numerical value of the constants in the model, eq. (1) becomes eq. (2). This 
equation is a linear function which can be used to predict the cell viability in the investigated 
range of amount of freeze-dried vegetables pulp and honey. Figure 1 shows the graphic 
representation of this model. 

 
Viability (log CFU/mL) = 10.3257+0.5798*A+0.6243*B+0.0257*A2-0.0340*B2-0.1569*AB-

0.3128*A3-0.2149*B3 Eq. (2) 
 

where: A is the amount of freeze-dried vegetables pulp,  
            B is the amount of honey. 

 
Figure 1 shows the response surface indicating that maximum cell viability (log 

CFU/mL) is obtained when 2.16-3g/100mL freeze-dried vegetables pulp and 8.33-10g/100mL 



Impact of Nutrients on the Probiotic Survival and Sensory Properties of Vegetables Juice  

Romanian Biotechnological Letters, Vol. 20, No. 6, 2015  11045

honey are added in the vegetables juice. CHEN & al. conclude that addition of 4% isomalto-
oligosaccharides can improve the viability of B. longum and L. acidophilus up to 7 log 
CFU/mL during storage of the fermented milk mixed with vegetable juice [16]. The study of 
yogurt drink enriched with different probiotic revealed that polydextrose treatment can deliver 
probiotic health effects after storage period [17]. The viability of probiotic bacteria 
(Lactobacillus acidophilus La-5, Bifidobacterium animalis spp. lactis Bb-12 and Streptococus 
thermophilus St-36) was between 5.06 and 8.75 log CFU/mL at the end of the storage period, 
in beverages consisting of reconstituted whey, milk and prebiotics [18]. 

 
Table 3. ANOVA results for the response surface 

quadratic model for cell viability 
 

Source SS DF MS F-ratio p-value 
Summary      

Model 1.2287 7.0000 0.1755 10.2559 0.0411 
Error 0.0513 3.0000 0.0171   
Corr. Total 1.2800 10.0000    
Variables      
Amount of freeze-dried vegetables pulp 
(g/100 mL) 

0.2689 1.0000 0.2689 15.7130 0.0287 

Amount of honey (g/100 mL) 0.3118 1.0000 0.3118 18.2203 0.0236 
Amount of freeze-dried vegetables pulp 
(g/100 mL)*Amount of honey (g/100 mL) 

0.0985 1.0000 0.0985 5.7543 0.0960 

Amount of freeze-dried vegetables pulp 
(g/100 mL)* Amount of freeze-dried 
vegetables pulp (g/100 mL) 

0.0037 1.0000 0.0037 0.2178 0.6725 

Amount of honey (g/100 mL)* Amount of 
honey (g/100 mL) 

0.0065 1.0000 0.0065 0.3812 0.5807 

Amount of freeze-dried vegetables pulp 
(g/100 mL)* Amount of freeze-dried 
vegetables pulp (g/100 mL)* Amount of 
freeze-dried vegetables pulp (g/100 mL) 

0.1957 1.0000 0.1957 11.4352 0.0430 

Amount of honey (g/100 mL)* Amount of 
honey (g/100 mL)* Amount of honey 
(g/100 mL) 

0.0923 1.0000 0.0923 5.3940 0.1028 

Model Check 
Mean 1171.441

8 
1.000 1171.441

8 
68447.58

59 
0.0000 

Linear 0.5807 2.0000 0.2904 16.9666 0.0232 
Interaction 2 0.0985 1.0000 0.0985 5.7543 0.0960 
Quadranic 0.0103 2.0000 0.0051 0.2995 0.7611 
Cubic 0.2880 2.0000 0.1440 8.4146 0.0588 
Lack of Fit 
Lack of fit 0.0090 1.0000 0.0090 0.4269 0.5806 
Pure Error 0.0423 2.0000 0.0212   
Error 0.0513 3.0000 0.0171   
R-squared 0.9599     
Adjusted R-squared 0.8663     

 
SS – sum of squares due to each source. 
DF – degrees of freedom associated with each source. 
MS – mean squares of each source, which is the ratio SS/DF. 
F - statistic – ratio of mean squares 
P - value – derived from cumulative distribution function of F 
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The 2D response surfaces plots were employed to determine the interaction nutrients on 
the fermentation conditions and the optimum levels that have the most significant effect on 
the viability of microorganisms.  

The analysis determined that the maximum response was obtained by samples enriched 
with 3g/100mL freeze-dried vegetables pulp and 10g/100mL honey. The minimum cell 
viability occurred when the amount nutrients was at its lowest level. These results are similar 
with those obtained by CHARALAMPOPOULOS AND PANDIELLA [19] in fermented 
cereal extracts and by GUPTA & al. [20] in a functional beverage based on lactic acid 
fermentation of oats. The viability of microorganisms is higher than that achieved by L. 
plantarum in fruit juices [21] and L. acidophilus in the fermented beet juice [22], where cell 

concentration was approximately 1×108 CFU/mL.  
 

 
 

Figure 1. Response surface plots for viability as a function of amount of honey 
and freeze-dried vegetables pulp 

 
3.2.  Sensory evaluation 
Sensory evaluation has an important role in research and product development. Reliable 

data of the descriptive analysis can be produced by the sensory panel when a consensus has 
been obtained prior to the analysis regarding the identification and the perceived intensity of 
the sensory characteristics of products [23].   
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Figure 2. Star diagrams for all attributes and samples 
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The best average values were obtained by samples enriched with 2-3g/100mL freeze-
dried vegetables pulp and 5-7.5g/100mL honey (figure 2). The best scores for attributes color, 
odor, flavor and mouthfeel were obtained by sample coded 5 (1g/100mL freeze-dried 
vegetables pulp and 5g/100mL honey). The best aftertaste was given by sample 4 (3g/100mL 
freeze-dried vegetables pulp and 5g/100mL honey). Sample 9 (2g/100mL freeze-dried 
vegetables pulp and 7.5g/100mL honey) had the best score for general aspect and acidity.  

DANESHI & al. [24] obtained a higher score for flavor but a lower score for color for a 
milk/carrot juice mix drink. All the scores attributes are superior to those obtained by kefir 
with high performance and native inulin [25] and whey-based beverages [26]. 

 
4. Conclusions 
This study shows how a fermented vegetable beverage has been optimized in order to 

improve the nutritional and the sensorial properties of the final product. According to the 
developed mathematical model, high levels of honey and freeze-dried vegetables pulp 
supported the survival of probiotic microorganisms in model solutions during storage in 
refrigeration conditions. Our research concludes that the best score for sensorial attributes and 
viability was obtained by samples enriched with 2.16-3g/100mL freeze-dried vegetables pulp 
and 7.5g/100mL honey. At the end of the storage period, the number for probiotic 
microorganisms were 7.04÷7.46 log CFU/mL for yeast and 7.65÷8.50 log CFU/mL for 
bacteria. We conclude that fermented vegetable juices can exercised a functional role due to 
proper viability of probiotics.  The model was able to satisfactorily predict the cell survival in 
the obtained vegetable juice. 
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