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ABSTRACT 

There is a great demand for the vegetarian probiotic products, as an alternative to fermented dairy 
products. Probiotication may improve flavour, taste and extends the shelf-life of vegetarian juices with 
great regards to its high nutritional value. Therefore, the aim of this study was to evaluate the effect of 
using probiotic Lactic Acid Bacteria (LAB) namely, (Lactobacillus plantarum ssp. plantarum EMCC 
1027, Lactobacillus delbrueckii ssp.bulgaricus EMCC 1102) and their mixture for the fermentation of 
carrot juice during cold storage (4±1P

o
PC) for 12 days. Fresh carrot juice was inculcated with selected 

LAB (approximately 5-6×10 P

9 
PCFU/ml of juice).The juice was initially fermented at 37°C for 3 days. 

Bacteria survival in intervals at 3, 6, 9, and 12 days were counted. The number of LAB bacteria after 
12 days of cold storage (4±1 P

o
PC) was more than 6.5×10P

8
P CFU/ml of juice. After 3 days of fermentation, 

the pH values was decreased from 5.7 to 4.2, while, the acidity (%) was increased from 0.15 % (as 
lactic acid) to 0.65%, the number of L. bulgaricus was higher than L. plantarum, or mixed culture 
(1:1) in consumption of reducing sugars, 2.11, 2.45, and 2.51, after 3 days, and 1.45, 1.97, and 1.77 
g/100 ml, after 12 days of cold storage, respectively. The viable cell counts of L. plantarum decreased 
slightly during cold storage, but the cell viability remained at a considerably high level (>10P

6
P CFU/ml) 

after 12 days of cold storage (4±1P

o
PC).TSS (%) decreased from 7.80 to 6.90 in the fermented sample 

with mixed culture (1:1), L. bulgaricus, was 7.80 to 6.90, and L. plantarum decreased from 7.8 to 
7.10, from initial time to 12 days of storage, respectively. (∆E) values were highest for the sample 
with mixed culture =73.8, L. plantarum =72.2, and L. bulgaricus =73.5, after 12 days of cold storage. 
This suggests that fermented carrot juice, which containing LAB, could serve as a healthy beverage 
for vegetarians and lactose-allergic consumers. 
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INTRODUCTION 

The concept of functional foods has gained 
universal acceptance as a preventive and 
therapeutic approach to combat many diseases 
that decrease the work productivity due to poor 
health (Chonan, 2011). Lactic acid bacteria 
(LAB) are commercially used as starter cultures 
for the manufacture of dairy-based probiotic 
foods (Heenan et al., 2002).  

Traditionally, probiotics have been added to 
yoghurt and other fermented dairy products, but 
lactose intolerance and the cholesterol contents 
are two drawbacks related to their consumption 

(Penna et al., 2007). In recent years, consumer 
demand for non-dairy-based probiotic products 
have increased, and probiotics have been 
incorporated into drinks as well as marketed as 
supplements in the form of tablets, capsules, and 
freeze–dried preparations (Shah, 2001). 
Furthermore, fruits and vegetables do not 
contain any dairy allergens that might prevent 
usage by certain segments of the population 
(Luckow and Delahunty, 2004). Adding 
probiotic cultures to fresh juice is a novel 
concept and provides a research opportunity for 
food professionals. 

http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master 
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Carrot (Daucus carota L.) is a widely used 
vegetable that is rich in functional food 
components, such as vitamins (A, D, B, E, C, 
and K) and minerals (calcium, potassium, 
phosphorus, sodium, and iron) (Sheela et al., 
2011). Beta carotene content of carrot is 2–10 
mg per 100 g of carrot (Sharma et al., 2012). 
Carotenoids and other antioxidants are present 
in carrot juice, and it is useful in the inhibition 
of oxidation processes, as well as in 
counterbalancing free radical activities (Li et al., 
2006; Quek et al., 2007; Kun et al., 2008). 

Lactic acid starters such as L. plantarum  
can produce pectolytic enzymes; such as 
polygalacturonase, pectinlyase and pectinesterase 
(Sakellaris et al., 1988; Karam and Belarbi 
1995; Wong, 1995), which can degradate ester 
bonds, and decrease pectin content. During the 
lactofermentation, high and low esterified 
pectins of vegetable mash are depolymerized 
which can increase the yield to a greater extent, 
and β-carotene content of the vegetable juice 
also increases (Demir, 2000). 

Desirable properties of fermented vegetable 
juices can be achieved by choosing lactobacilli 
strains suitable for the lactic acid fermentation 
of individual raw materials. The criteria used to 
gange a strain’s suitability are as follows: the 
rate and total production of acids, change of pH, 
decrease of nitrate concentration and production 
of biogenic amines (Karovicova et al., 1999).  

Lavinia et al. (2009) performed the lactic 
acid fermentative processes using different 
probiotic bacteria species unspecific to epiphytic 
microbiota of vegetables e.g. the carrots and the 
red beet, all the tested strains were found to be 
capable of rapidly utilizing vegetables for cell 
synthesis and lactic acid production. They 
produce a greater amount of lactic acid and 
reduce the pH of fermented juices from an initial 
value of 6.4 to below 4.4 after 48 hr., of 
fermentation. The lactic acid cultures in 
fermented juices gradually lost their viability 
during cold storage. 

Nosrati et al. (2014) investigated lactic acid 
bacteria, including Lactobacillus casei and 
Lactobacillus plantarum, for production 
fermentative functional drinks based on 
vegetable juice. The  results  indicated  that,  
mixed  vegetable  juice  without  any  nutrient 

supplementation ; could  be  considered  as  a  
proper  matrix  for  growth  of  lactic  acid  
bacteria  and  functional beverage production. 

The aim of this study was to produce 
probiotic carrot juice as a healthy beverage for 
vegetarians and lactose-allergic consumers, via 
selected LAB, as an alternative to fermented 
dairy products. In addition, the changes on 
physicochemical properties of fermented carrot 
juice were examined during shelf-life. 

MATERIALS AND METHODS 

Materials  

Preparation of yellow carrot juice 

Carrot roots were purchased from hyper 
market in Zagazig, Egypt. They were washed 
thoroughly; both ends were removed, then 
peeled by sharp knife and cut longitudinally into 
halves. The halves were blanched in water at 
85oC for 5 minute for tenderization the carrot 
tissues and inactivate pectinase and peroxidase 
enzymes. Blender (Moulinex blender-LM241, 
France) was used to extract the juice. The 
extracted juice was filtrated throw 4-fold cheese 
cloth. Then; the filtrated juice was heated up to 
85o C for 10 min. then was cooled to 37oC.  

Source of experimental starter cultures  

Lactobacillus plantarum ssp. plantarum 
(EMCC 1027) and L.delbrueckii ssp. bulgaricus 
(EMCC 1102) were obtained from the Egyptian 
Microbial Culture Collection of Cairo MIRCEN 
(EMCC), Faculty of Agriculture, Ain Shams 
University, Egypt.  

Preparation of experimental fermented 
carrot juice  

 Forty-eight hours prior to the start of each 
experiment; cultures were revived by a series of 
two inoculations into 10 ml of MRS broth and 
incubation at 37°C for 24 hours. 

The used cultures were grown at 37°C 
separately  for  24 hr.,  in  de  Man,  Rogosa  and 
Sharpe  MRS broth (Difco Laboratories, Detroit, 
MI,USA) in order to attain approximately 106 
cfu/ml as inocula  before inoculation  into carrot 
juice as 0.5% (V/V). Enumeration  of  the  cells  
was performed  by plating  serial  dilutions  of  
bacterial suspensions  on  MRS  agar plates,  and  
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incubating at 37ºC, and counting the colonies 
after 48 hr. The inoculation by L. plantarum and 
L.bulgaricus was done in the range of 105–107 
cfu/ml, and lactofermented juices were processed. 

Methods  
Determination of pH-value 

pH-value was measured in all samples with a 
glass electrode of a digital pH meter (Model 
Mettler Toledo, Switzerland) (AOAC, 2005). 

Determination of titratable acidity 

Acidity of samples was determined according 
to the general, titration method based on lactic 
acid percentage (AOAC, 2005). 

Determination of total soluble solids (TSS) 

Total soluble solids (TSS) and the  refractive  
index were assayed using the refractometric  
method, with an Abbe refractometer and  
corrected to the equivalent reading at 20oC 
(AOAC, 2005). 

Determination of reducing sugars content 
Reducing sugars contents were assayed 

according to Miller et al. (1959), colorimetrically. 
The colour intensities were measured in  
a UV spectrophotometer (Jenway-UV–VIS 
Spectrophotometer) at 575 nm. 

Determination of vitamin (C) content 
Vitamin C (ascorbic acid) content was 

determined using 2,6-dichlorophenol  indophenol 
reagent (Fluka, Deisehofen, Germany) 
according to the method described by AOAC 
(2005). 

Determination of viscosity 

The viscosity of each sample was determined 
at room temperature by using a Brookfield 
digital viscometer (NDJ-85, Niryn Intelligent 
Company limited, Shanghai). A suitable spindle 
(spindle 2) and rotational speed (60 rpm) was 
selected for this study (Ying et al., 2006). 

Determination of colour 

Carrot juice colour was measured using the 
Hunter-Lab (Hunter Lab Colour Flex EZ, USA). 
Colour parameter (L) indicates degree of 
lightness to darkness, (a) indicates degree of 
redness to greenness, and (b) indicates degree of 
yellowness to blueness (Hunter, 1958). 

Microbiological analysis 

Viable cell counts were determined by serial 
dilutions and standard plate method after 
incubation. Dilutions  of  10-7and 10-8 cfu/ ml  
were  prepared  of  the  fermented  samples  and  
plated  in  double  plates. Then, sterilized MRS 
agar (Merck, Germany) medium was poured on 
them (standard plate count method).The plates 
was incubated at 30oC for 48 hr. Plates  
containing  30–300  colonies  were  counted  
and recorded  as  colony  forming  units  (CFU)  
per ml of  solution  (Vinderola  et al.,  2000).  
Also the viability of lactic acid cultures was 
determined during the cold storage period by 
using the mentioned method and expressed as 
cfu/ml (AOAC, 2005). 

Sensory evaluation 

Sensory evaluation was done according to 
Min et al. (2003).Ten panelists were selected 
(Staff of Food Science Department, Faculty of 
Agriculture, Zagazig University, Egypt) without 
care of age or sex. The panelists were asked to 
indicate their preference on a 9-point Hedonic 
scale with a degree of liking : 1 = dislike 
extremely, 2 = dislike very much, 3 = dislike 
moderately, 4 = dislike slightly, 5 = neither like 
nor dislike, 6= like slightly, 7 = like moderately, 
8= like very much, and 9=like extremely. In 
each session, five different samples were given 
to rate the Colour, Flavour, Texture, and Overall 
acceptability of the samples. 

Statistical Analysis 
All fermentation experiments were conducted 

in triplicate and the results in duplicate, and 
expressed as Mean± SD (standard deviation). 

RESULTS AND DISCUSSION 

Effect of Cold Storage on Physicochemical 
Properties of Carrot Juice  

pH-value 

The changes in pH during carrot juice 
fermentation by L. plantarum, L. bulgaricus, 
and mixed culture (1:1), are given in Table 1. 
The carrot juice had an initial pH value of 5.7. 
Carrot juice containing L. plantarum (T2) 
showed a more rapid drop in pH (3.98) than L. 
bulgaricus juice (T3) (pH=4.20), and mixed 
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culture juice (1:1) (T4) pH=4.10. After 12 days 
of cold storage, pH values were 3.90, 4.13 and 
4.24, respectively.  

 Acidity (%) 

 As shown in Table 1, L. plantarum juice 
(T2) had significantly more acid (0.67%) after 3 
days during refrigerated storage than the other 
juice samples examined (0.64%). It was reported 
that acid production ability by lactic acid 
bacteria, especially post-incubation (post-
acidification), affected the cell viability of 
probiotic bacteria including L. plantarum and 
L.bulgaricus (Ishibashi and Shimamura, 1993; 
Shah et al., 1995). As results, the majority of the 
changes observed in microbial population, pH, 
acidity, sugar consumption, and lactic acid 
metabolism, happened in the period between 30 
to 48 hr., of the fermentation. Further extension 
of the fermentation process (from 48 to 72 hr.) 
did not result in significant changes, and similar 
results were reported by Yoon et al. (2004, 
2006) and Mousavi et al. (2011). 

Reducing sugars content (g/100 ml) 

The results of sugars consumption (Table 1) 
show that amount of reducing sugars of all 
samples were dropped after 3 days. Sugar 
dropping is because of bacterial growth and 
organic acids production. L. bulgaricus was 
higher than mixed culture (1:1) and L. 
plantarum in consumption of reducing sugars, 
which valued as much as 2.11, 2.45 and 2.51, 
after 3 days, and 1.45, 1.97 and 1.77g/100 ml, 
after 12 days of cold storage, respectively. These 
results are in agreement with the study of Tsen 
et al. (2003). They investigated lactic acid 
production in medium based on mashed banana 
by L. acidophilus. They used k-carrageenan gum 
for more efficiency of fermentation. The 
selected strain metabolized low molecular 
weight sugars i.e., fructose and glucose as a 
carbon source for acid production. They 
reported that the amount of carbon sources with 
high molecular weight, i.e., Fructo-oligo-
Saccharide didn’t change during fermentation.  

The concentration of reducing sugars was 
reduced in fermented carrot juice compared with 
fresh carrot juice due to varied carbohydrate 
utilization by Lactobacillus spp. This enhanced 
the viable count and increased acidity, with an 

increase in fermentation time from 24 to 72 hr. 
An earlier study with fruit juices indicated the 
growth of L. plantarum, which resulted in a 
viable count of 8.0×108 CFU/ml after 72 hr., of 
fermentation (Mousavi et al., 2011). Similar 
results were reported from other authors on 
carbohydrate fermentation that varied depending 
upon the type of substrate consumption and even 
on fermentation time (Hou et al., 2000).It was 
also reported that glucose is the primary energy 
source for Lactobacillus spp. Therefore, glucose 
has been introduced as the most important 
carbohydrate source for probiotic lactobacilli 
(Wang et al., 2003). 

Total soluble solids (TSS%) 

 The results show decrease in (TSS%) for 
probiotic carrot juice, especially mixed culture 
(1:1), L.plantarum and L. bulgaricus which were 
7.60, 7.60, 7.50 and 7.00, 7.20, 7.10 and 
6.90,7.10, 6.90, after 3, 9 and 12 days of cold 
storage, respectively. As result for cell synthesis 
and growth rate of starter cultures. 

Viscosity (centipoise)     

The rheological behaviour of carrot juice was 
influenced by its quantitative and qualitative 
composition and therefore, it will depend on the 
treatment at which it is subjected during 
processing. Table 1 illustrates the viscosity of 
carrot juice; it is obvious that all samples had 
increased in the viscosity. L. bulgaricus had the 
highest degree in viscosity= 16.15 (cps) and 
18.12 (cps), after 9 and 12 days of cold storage, 
respectively. While, samples with mixed culture 
(1:1) were 12.8 (cps), and 14.14 (cps), L. 
plantarum, were 12.15 (cps) and 14.16 (cps), 
after 9 and 12 days of cold storage, respectively.  

The increase in the viscosity of the fresh 
carrot juice upon storage might be due to the 
increase in the microbial load particularly molds 
and yeasts, which led to spoilage of the juice 
and increase its viscosity. Similarly, Huisint 
(1996) reported  that  spoilage of food  may  also  
bring  about physical  changes  such  as increase 
the viscosity, gelation, sedimentation or colour 
change of the food. 

Vitamin (C) content (mg/100 ml) 

Vitamin (C) contents were decreased rapidly 
in L. bulgaricus samples being, 2.9, and 2.5 mg/  
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Table 1. Physicochemical properties of probiotic carrot juice during cold storage (4±1oC) 

Parameter Storage 
(day) 

Control T1 T2 T3 T4 

pH 

0 
3 
6 
9 

12 

5.70 ± 0.0047 
5.33±0.0205 
4.95±0.0326 
4.64±0.0169 
4.45±0.0286 

5.74± 0.0329 
5.73±0.0402 
5.64±0.0368 
5.53±0.0339 
5.33±0.0309 

5.71 ±0.0081 
3.98±0.0294 
3.96±0.0163 
3.94±0.0169 
3.90±0.0326 

5.75±0.0294 
4.25±0.0244 
4.15±0.0286 
4.15±0.0326 
4.13±0.0402 

5.74±0.0339 
4.14±0.0374 
4.10±0.0294 
4.13±0.0329 
4.24±0.0262 

Acidity (%) 

0 
3 
6 
9 

12 

0.15±0.0057 
0.34±0.0339 
0.44±0.0329 
0.48±0.0309 
0.54±0.0374 

0.15±0.0094 
0.15±0.0188 
0.16±0.0032 
0.16±0.0036 
0.18±0.0032 

0.15±0.0029 
0.67±0.0012 
0.67±0.0009 
0.68±0.0037 
0.69±0.0028 

0.15±0.0024 
0.64±0.0053 
0.65±0.0061 
0.66±0.0014 
0.66±0.0024 

0.15±0.0020 
0.65±0.0029 
0.65±0.0026 
0.65±0.0030 
0.68±0.0035 

Reducing sugars 
content (g/100 ml) 

0 
3 
6 
9 

12 

2.95±0.0203 
2.77±0.0029 
2.35±0.0026 
2.23±0.0030 
2.01±0.0028 

2.95±0.0206 
2.95±0.0185 
2.91±0.0075 
2.88±0.0032 
2.76±0.0094 

2.97±0.0181 
2.51±0.0216 
2.33±0.0205 
1.98±0.0035 
1.77±0.0003 

2.95±0.0186 
2.11±0.0020 
1.95±0.0030 
1.73±0.0016 
1.45±0.0016 

2.97±0.0197 
2.45±0.0028 
2.33±0.0024 
2.15±0.0033 
1.97±0.0029 

Total soluble solids 
(oBrix) 

0 
3 
6 
9 

12 

7.80±0.0262 
7.70±0.0188 
7.60±0.0235 
7.60±0.0216 
7.50±0.0094 

7.80±0.0205 
7.80±0.0216 
7.80±0.0309 
7.70±0.0294 
7.70±0.0216 

7.80±0.0286 
7.60±0.0368 
7.40±0.0163 
7.20±0.0262 
7.10±0.0081 

7.80±0.0169 
7.50±0.0235 
7.30±0.0262 
7.10±0.0355 
6.90±0.0249 

7.80±0.0294 
7.60±0.0205 
7.20±0.0216 
7.00±0.0262 
6.90±0.0163 

Vitamin (C) content 
(mg/100 ml) 

0 
3 
6 
9 

12 

5.6±0.0047 
5.2±0.0188 
4.8±0.0047 
4.3±0.0169 
3.9±0.0309 

5.6±0.0377 
5.1±0.0141 
5.1±0.0094 
4.9±0.0124 
4.5±0.0262 

5.6±0.0329 
4.2±0.0081 
3.9±0.0262 
3.8±0.0355 
3.5±0.0216 

5.6±0.0282 
3.7±0.0047 
3.2±0.0124 
2.9±0.0402 
2.5±0.0355 

5.6±0.0235 
3.8±0.0402 
3.4±0.0169 
3.2±0.0081 
3.0±0.0309 

 
Brix- acid ratio  

0 
3 
6 
9 

12 

52.00±0.0040 
23.33±0.0028 
16.88±0.0026 
15.83±0.0012 
14.70±0.0088 

52.00±0.0035 
52.00±0.0016 
48.75±0.0012 
48.12±0.0008 
42.77±0.0022 

52.00±0.0030 
11.34±0.0033 
11.04±0.0016 
10.58±0.0037 
10.28±0.0023 

52.00±0.0026 
11.71±0.0029 
11.23±0.0020 
10.75±0.0032 
10.45±0.0020 

52.00±0.0021 
11.69±0.0024 
11.07±0.0004 
10.76±0.0030 
10.14±0.0018 

Viscosity (cps) 

0 
3 
6 
9 

12 

5.02±0.0124 
7.06±0.0294 
9.15±0.0286 

13.17±0.0163 
15.16±0.0188 

5.03±0.0141 
6.05±0.0235 
8.04±0.0141 
8.03±0.0124 
9.10±0.0612 

5.03±0.0188 
8.04±0.0205 

11.12±0.0205 
12.15±0.0374 
14.16±0.0124 

5.03±0.0235 
12.13±0.0262 
15.14±0.0339 
16.15±0.0339 
18.12±0.0852 

5.05±0.0262 
8.07±0.0555 
9.14±0.0141 

12.18±0.0141 
14.14±0.0205 

Control: Fresh carrot juice, T1: Carrot juice pasteurized at 85oC for 10 min., T2: Carrot juice containing L. 
plantarum, T3:  Carrot juice containing L. bulgaricus; T4:  Carrot juice containing L. plantarum + L. bulgaricus 
(1:1). 
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100 ml juice, after 9 and 12 days of cold storage, 
respectively. Then, samples with mixed culture 
(1:1) were 3.2, and 3.0 mg/100 ml juice, 
respectively. While, L. plantarum, valued 3.8 
and 3.5 mg/100 ml juice, after 9 and 12 days of 
cold storage, respectively. The decreasing in 
contents of Vitamin (C) during storage may be 
due to metabolism of lactic acid bacteria, cell 
synthesis and growth. 

Effect of Acidification on Carrot Juice 
Cloud Stability 

That may be due to acidification of the 
medium by LAB metabolites (organic acids i.e. 
lactic acid). These results agree with Alison et 
al. (2014) who examined the effects of acidity 
on cloud stability in pasteurized carrot juice over 
the pH range of 3.5 − 6.2. Cloud sedimentation, 
particle diameter were measured at each pH 
condition to quantify juice cloud stability and 
clarification during 3 days of storage. 
Acidification below pH 4.9 resulted in an 
increased particle size, and unstable cloud, 
leading to juice clarification. 

Also Reiter et al. (2003) studied carrot juice 
cloud stability on pilot-plant scale using decanter 
technology. Production steps investigated were 

mode of acidification, different enzymatic mash 
treatments. Acidification showed the strongest 
effect on cloud stability. Whereas acidifying the 
coarse mash resulted in cloud stability, 
acidification following juice extraction even 
enhanced cloud sedimentation. 

Effect of Cold Storage (4±1oC) on Cell 
viability of Lactic Acid Bacteria 

The effect of cold storage on the cell viability 
of two lactic acid cultures in fermented carrot 
juice was presented in Fig. 1. 

The viable cell counts of L. plantarum, and 
L. bulgaricus were higher than 1.0×106CFU/ml 
even after 12 days of cold storage at 4±1ºC. 
Especially, the viable cell counts of L. 
bulgaricus decreased gradually during cold 
storage and remained at 1.5×106 CFU/ml, after 
12 days of cold storage. The viable cell counts 
of L. plantarum decreased slightly during cold 
storage, but the cell viability remained at a 
considerably high level (>106 CFU/ml) after 12 
days of cold storage (4±1oC). It is important to 
have a significant number of viable lactic acid 
bacteria present in the probiotic products for 
maximum health benefits (Shah et al., 2001; 
Mousavi et al., 2011). 
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carrot juice 

Storage period (day) 



 
Zagazig Journal of Food and Dairy Research 

 

1665 

Several factors could affect the cell viability 
of lactic acid cultures in probiotic food products. 
Probiotic cultures are commonly used in the 
dairy industry, and some products produced 
during lactic acid fermentation such as lactic 
acid, diacetyl, and acetaldehyde could be 
associated with the loss of viability of added 
probiotic bacteria (Post, 1996). Probiotic lactic 
acid starters have been suggested to produce 
bacteriocin against probiotic bacteria and vice 
versa (Prado et al., 2008; Kumar et al., 2015).  

In general, the cell viability depends on the 
strains used, interactions between species 
present, culture condition, oxygen content, final 
acidity of the product, and the concentration of 
lactic acid and acetic acid. The main factors for 
loss of viability of probiotic organisms have 
been attributed to the decrease in the pH of the 
medium and accumulation of organic acid as a 
result of growth and fermentation (Hood and 
Zottola 1988; Saarela et al., 2002). 
Effect of Cold Storage (4±1oC) on Colour 
Attributes 

Fig. 2 shows that colour values (l*, a*, b*) 
decreased during storage period. (L*) values 
were the highest in samples with mixed culture 
(1:1) then followed by L. plantarum, and L. 
bulgaricus, at 9 days of storage, their colour 
values were 41.49, 38.63 and 33.36, 
respectively. While at 12 days, they were 30.12, 
28.74 and 29.21, respectively.  

(a*) values were the highest in samples with 
mixed culture (1:1) then followed by L. 
plantarum, and L. bulgaricus, at 9 days of 
storage, and valued 24.07, 16.83 and 8.93, 
respectively. While at 12 days, they amounted 
11.71, 7.67 and 10.56, respectively. 

(b*) values were the highest in samples with 
mixed culture (1:1) followed by L. plantarum, 
and L. bulgaricus, at 9 days of storage, and 
amounted 22.95, 21.78, and 15.2,respectively. 
While at 12 days, the values were 14.74, 11.73 
and 13.87, respectively. 

Degradation in carotenoids could be due in 
part to the metabolism of bacteria; while on the 
other hand, it could be affected by fermentation 
conditions such as temperature and pH. 

These results agree with Kun et al. (2008) 
they determined that storage caused a decrease 
in b-carotene. It is thought that oxygen in head 
space caused the degradation of b-carotene. 
After the sixth day of cold storage, an increasing 
in colour attributes was noticed, till the ninth 
day. That increasing, could be due to decrease in 
total count of LAB; or the medium conditions of 
pH and Acidity. 

Figs. 3, 4 and 5 show Colour intensity (C), 
Hue angel (h) and Total Colour Difference (∆E), 
(C) values were highest for the sample with 
mixed culture = 33.2 ,L. plantarum =27.4, and 
L. bulgaricus = 17.6 , in the ninth day of 
storage. (∆E) values were highest for the sample 
with mixed culture =78.1, L. plantarum =72.7, 
and L. bulgaricus =69.8 

These Results refer to higher increasing in 
these values than the beginning in the ninth day 
of cold storage. 

Effect of Cold Storage (4±1oC) on Sensory 
Evaluation 

Table 2 shows that fermented carrot juice 
with the culture L. plantarum was the favorable 
product, when compared with the L. bulgaricus 
culture. The mixed culture (1:1) comes to be the 
second favorable product depending on colour, 
flavour, texture, and overall acceptability. 
Generally, panelists did not prefer the flavour of 
the products. The reason may be that, higher 
acidity and contents of lactic acid bacteria by-
products such as Diacetyl, acetaldehyde and 
lactic acid, which could be drawbacks in flavour 
of products. 

Conclusion 

Carrot juice could serve as a raw material for 
the production of probiotic carrot juice by lactic 
acid fermentation with L. plantarum, L. 
bulgaricus, and mixed culture (1:1). The 
fermented juice has a pH-value of less than 4.5 
(high acid) and contains a significant number of 
beneficial lactic acid bacteria (107 CFU/ml) 
during cold storage (4±1oC).  

The fermented sample with the culture of L. 
plantarum was the favorable product, when 
compared with the L. bulgaricus culture, and 
mixed culture (1:1). The mixed culture (1:1) 
comes to be the second favorable product depending  
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Fig. 2. a, b, and c (a=L* value, b=a* value, and c=b* value) shows the effect of cold storage 
(4±1oC) on colour attributes in fermented carrot juice 
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Fig. 3. Effect of cold storage (4±1oC) on colour intensity(C) in fermented carrot juice 

 

 
 

Fig. 4. Effect of cold storage (4±1oC) on colour Hue angel (h) in fermented carrot juice 
 

 
Fig. 5. Effect of cold storage (4±1oC) on total colour difference (∆E) in fermented carrot juice 
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Table 2. Effect of cold storage (4±1oC) on sensory evaluation values  

Sample 

day 

Sensory evaluation 

Parameter Control T1 T2 T3 T4 

0 Colour (9) 8.4±0.4898 8.2±0.4000 8.3±0.4582 8.1±0.3000 8.5±0.5000 

Flavour 

(9) 
8.2±0.4000 8.00±0.0000 8.3±0.4582 7.7± 0.4582 7.6±0.4898 

Texture (9) 8.00±0.6324 8.4±0.4898 8.5±0.5000 8.4±0.4898 8.3±0.4582 

Overall acceptability (9) 8.3±0.4582 8.1±0.3000 8.2±0.4000 8.1±0.3000 8.00±0.0000 

3 Colour (9) 7.7±0.4582 8.1±0.3000 8.2±0.4000 8.3±0.4582 8.4±0.4898 

Flavour (9) 7.00±0.0000 8.5±0.5000 8.4±0.4898 7.4±0.4898 7.3±0.4582 

Texture (9) 7.4±0.4898 7.2±0.4000 7.00±0.0000 7.1±0.3000 7.3±0.6403 

Overall acceptability(9) 7.3±0.6403 8.3±0.4582 7.3±0.4582 7.7± 0.4582 7.4±0.6633 

6 Colour (9) 6.7±0.4582 7.00±0.0000 8.3±0.4582 6.5±0.5000 8.5±0.5000 

Flavour (9) 6.3±0.4582 8.4±0.4898 6.5±0.5000 7.2±0.4000 7.1±0.3000 

Texture (9) 7.6±0.4898 7.4±0.6633 7.4±0.4898 7.3±0.6403 7.00±0.0000 

Overall acceptability(9) 6.6±0.4898 7.3±0.4582 7.2±0.4000 6.5±0.5000 7.6±0.4898 

9 Colour (9) 5.4±0.6633 7.7± 0.4582 8.5±0.5000 7.2±0.4000 7.3±0.6403 

Flavour (9) 5.1±0.3000 8.2±0.4000 6.5±0.5000 7.00±0.0000 7.3±0.4582 

Texture (9) 6.5±0.5000 7.1±0.3000 7.3±0.4582 6.7±0.4582 6.7±0.4582 

Overall acceptability(9) 5.3±0.4582 8.4±0.4898 7.4±0.4898 7.2±0.4000 6.6±0.4898 

12 Colour (9) 5.2±0.4000 7.3±0.6403 8.5±0.5000 6.7±0.4582 7.1±0.3000 

Flavour (9) 5.3±0.6403 7.6±0.4898 7.00±0.0000 6.6±0.4898 7.3±0.4582 

Texture (9) 5.8±0.8717 7.1±0.3000 7.2±0.4000 7.4±0.4898 7.6±0.4898 

 Overall acceptability(9) 5.6±0.8000 7.7± 0.4582 7.3±0.4582 6.7±0.4582 7.2±0.4000 

Control: Fresh carrot juice, T1: Carrot juice pasteurized at 85oC for 10 min., T2:  Carrot juice containing L. 
plantarum, T3:  Carrot juice containing L. bulgaricus; T4:  Carrot juice containing L. plantarum + L. bulgaricus 
(1:1). 
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on physiochemical properties. The last one was 
sample with L. bulgaricus, because of high 
acidity and LAB by-products such as Diacetyl, 
Acetaldehyde and lactic acid, which could be 
drawbacks in flavour of carrot juice samples. 
Probiotics could be another inexpensive 
substitute to the antibiotics that many bacteria 
are now becoming resistant to, because it is 
biosafe and easy in application. 

REFERENCES 

Alison, K.S., D.M. Barrett and S.R. Dungan 
(2014). Effect of acidification on carrot 
(Daucus carota L.) juice cloud stability. J. 
Agric. Food Chem., 62 : 11528−11535. 

AOAC (2005). Association of Official 
Analytical Chemists. Official Methods of 
Analysis, 18th Ed., Gaithersburg, MD, USA.  

Chonan, O. (2011). FOSHU Japanese regulations 
for probiotic foods. In: Y. Takeda (Ed.), 
Probiotic foods in health and disease. Sci. 
Publish. Enfield, USA:CRC Press, 33–40. 

Demir, N. (2000). Researches on the application 
of total liquefaction and other related 
techniques for the production of carrot juices. 
Ph.D. Dissertation, Hacettepe Univ., Ankara, 
Turkey.  

Heenan, C.N., M.C. Adams, R.W. Hosken and 
G.H. Fleet (2002). Growth medium for 
culturing probiotic bacteria for applications 
in vegetarian food products. Lebensm.-Wiss. 
U.-Technol., 35:171–176. 

Hood, S.K. and E.A. Zottola (1988). Effect of 
low pH on the ability of Lactobacillus 
acidophilus to survive and adhere to human 
intestinal cells. J. Food Sci., 53: 1514-1516. 

Hou, J.W., R.C. Yu and C.C. Chou (2000). 
Changes in some components of soymilk 
during fermentation with bifidobacteria. 
Food Res. Int., 33: 393-397. 

Huisint, V.J.H.J. (1996). Microbial and 
biochemical spoilage of foods an overview, I. 
J. Food Microbiol., 33:1-18. 

Hunter, R.S. (1958). Photoelectric colour 
difference meter, J. Opt. Soc. Am., 48 : 985–
995. 

Ishibashi, N. and S. Shimamura (1993). 
Bifidobacteria: research and development in 
Japan. Food Technol., 47: 129-134. 

Karam, N.E. and A. Belarbi (1995). Detection of 
polygalacturonases and pectin esterases in 
lactic acid bacteria. World J. Microbiol. 
Biotechnol., 11 : 559–563. 

Karovicova, J., M. Drdak, G. Greif and E. 
Hybenova (1999). The choice of strains of 
Lactobacillus species for the lactic acid 
fermentation of vegetable juices. EUR. Food 
Res. Technol., 210: 53–56. 

Kumar, B.V., M. Sreed haramurthy and O.V.S. 
Reddy (2015). Probiotication of mango and 
sapota juices using Lactobacillus plantarum 
NCDC LP 20. Nutrafoodsdoi. 10.1007/s 
13749-015-0002-4. 

Kun, S., J.M. Rezessy-Szabo, Q.D. Nguyen and 
A. Hoschke (2008) .Changes of microbial 
population and some components in carrot 
juice during fermentation with selected 
Bifidobacterium strains. Process Biochem., 
43: 816–821. 

Lavinia, B., C.L. Nicolescu, D. Avram and M.G. 
Bratu (2009). Survival of probiotic bacteria 
during lactic acid fermentation of vegetable 
juices. J. Agroalimentary Proc. and Technol., 
15 (1):132-139. 

Li, X., S.X.Q. Lin, X.D. Chen, L. Chen and D. 
Pearce (2006). Inactivation kinetics of 
probiotic bacteria during the drying of single 
milk droplets. Drying Technol., 24: 695–705. 

Luckow, T. and C. Delahunty (2004). Which 
juice is healthier? A consumer study of 
probiotic non-dairy juice drinks. Food 
Quality and Pref.. Avail. from: www. 
sciencedirect.com.  

Miller, G.L. (1959). Use of dinitrosalicylic acid 
reagent for determination of reducing 
sugar. Anal. Chem., 31 (3): 426–428. 

Min S., Z.T. Jin, S.K. Min, H. Yeom and Q.H. 
Zhang (2003). Commercial-scale pulsed 
electric field processing of orange juice. J. 
Food Sci., 68 (4) : 1265-1271. 

Mousavi, Z., S. Mousavi, S. Razavi, Z. Emam-
Djomeh and H. Kiani (2011). Fermentation 

http://www.sciencedirect.com/
http://www.sciencedirect.com/
http://pubs.acs.org/doi/abs/10.1021/ac60147a030
http://pubs.acs.org/doi/abs/10.1021/ac60147a030
http://pubs.acs.org/doi/abs/10.1021/ac60147a030


 
El-Sayed, et al. 

 

1670 

of pomegranate juice by probiotic lactic acid 
bacteria. World J. Microbiol. Biotechnol., 27: 
123-128. 

Nosrati, R., M. Hashemiravan, M. Talebi 
(2014). Fermentation of vegetables juice by 
probiotic bacteria. Int. J. Biosci., 4 (3): 171-
180. 

Penna, A.L.B., S. Rao-Gurram and G.V. 
Barbosa-Ca´novas (2007). Effect of milk 
treatment on acidification, physicochemical 
characteristics, and probiotic cell counts in 
low fat yogurt. Milchwissenschaft, 62 : 48–
52. 

Post RC (1996). Regulatory perspective of the 
USDA on the use of antimicrobials and 
inhibition in foods. J. Food Prot. Suppl., S: 
78- 81. 

Prado, F.C., J.L. Parada, A. Pandey and C.R. 
Soccol (2008). Trends in non-dairy probiotic 
beverages. Food Res. Int., 41: 111-123. 

Quek, S.Y., N.K. Chok and P. Swedlund (2007). 
The physicochemical properties of spray 
dried watermelon powders. Chem. Eng. and 
Proc., 46:386–392. 

Reiter, M., M. Stupari, S. Neidhart and R. Carle 
(2003). The role of process technology in 
carrot juice cloud stability. Lebensm.-Wiss. 
U.-Technol., 36 : 165–172. 

Saarela, M., L. Lähteenmäki, R. Crittenden, S.J. 
Salminen and T.M. Sandholm (2002). Gut 
bacteria and health foods-the European 
perspective. Int. J. Food Microbiol., 78: 99-
117. 

Sakellaris, G., S. Niklaropoulos and A.E. 
Evangelopoulos (1988). Polygalacturonase 
biosynthesis by Lactobacillus plantarum: 
Effect of cultural conditions on enzyme 
production. J. Appl. Bacteriol., 65: 397–404. 

Shah, N.P., W.E.V. Lankaputhra, M. Britz and 
W.S.A. Kyle (1995). Survival of L. 
acidophilus and Bifidobacterium bifidum in 
commercial yoghurt during refrigerated 
storage. I. J. Dairy, 5: 515-521. 

Shah, N.P. (2001). Functional foods from 
probiotics and prebiotics. Food Technol., 55: 
46-53. 

Sharma, K.D., S. Karki, N.S. Thakur and S. 
Attri (2012). Chemical composition, 
functional properties and processing of 
carrot. A review. J. Food Sci. Technol., 49 
(1): 22–32. 

Sheela, T., S. Kulothugan and R. Saravanamuthu 
(2011). Antagonistic action of synbiotic 
carrot juice against diarrhea causing 
organisms.Indian J. Appl. and Pure Bio.V., 
26 (1): 15-22. 

Tsen, J.H., Y.P. Lin and V.A.E. King (2003). 
Banana purees fermentation by Lactobacillus 
acidophilus immobilized in CA-alginate. J. 
Gen. Application and Microbiol., 49 (6): 
357–361. 

Vinderola, C.G., N.  Bailo and J.A. Reinheimer 
(2000). Survival of probiotic microflora in 
Argentinian yoghurts during refrigerated 
storage.  Food Res. Int., 33: 97-102. 

Wang Y.C., R.C. Yu, H.Y. Yang and C.C. Chou 
(2003). Sugar and acid concents in soymilk 
fermented with lactic acid bacteria alone or 
stimultaneously with bifidobacteria. Food 
Microbiol., 20: 333-338. 

Wong, W.S.D. (1995). Food Enzymes, 
Chapman and Hall, New York. 212–236, 

Ying, S., W. Zhengfu, W. Jihong, C. Fang and 
L. Xiaojun (2006). Optimizing enzymatic 
maceration in pretreatment of carrot juice 
concentrate by response surface methodology. 
I. J. Food Sci. and Technol., 41:1082-1089. 

Yoon, K.Y., E.E. Woodams and Y.D. Hang 
(2004). Production of probiotic tomato juice 
by lactic acid bacteria. J. Microbiol., 42 (4): 
315-318. 

Yoon, K.Y., E.E. Woodams and Y.D. Hang 
(2006). Production of probiotic cabbage juice 
by lactic acid bacteria. Bioresource Technol., 
97 (12): 1427−1430. 

 



 
Zagazig Journal of Food and Dairy Research 

 

1671 

 ثناء التخزينأوية ـالحي كـــض اللاكتيـريا حمــكتيطة بــبواس رـــصفالأ زرــــجالر ـــعصير ـــيتخم

 شريف عيد النمر - المعاطي بوأسامي محمد  - محمد عبدالحميد ربيع -حمد السيد أحمد أعمرو 
 مصر -جامعة الزقازيق -كلية الزراعة  - غذيةقسم علوم الأ

ت هناك طلب للمنتجا نألا ، إلبان متخمرة والزباديأ تكون في العادة سواق اليوم،المنتجات الحيوية المتاحة في الأ
 ذلك، ىعل وبناءاً ، لبانالكوليسترول في منتجات الأ عداد المستهلكين النباتيين وارتفاع محتويأنتيجة زيادة  الحيوية النباتية،

لبان والتي يمكن للبكتيريا الحيوية ان تنمو فيها وتؤدي دورها ربما تكون ماده خام بديله للأ ،ةفان الخضروات والفاكه
جريت هذه الدراسة بهدف تقييم حيوية بكتيريا حمض اللاكتيك في عصير الجزر المتخمر، خلال فترة التخزين ، أالحيوي

سلالات باستخدام بواسطة بكتيريا حمض اللاكتيك  متخمرنتاج عصير جزر إتم ، م)°۱±٤( يوما تحت تبريد ۱۲لمدة 
 Lactobacillus plantarum ssp. plantarum EMCC 1027, and Lactobacillus delbrueckii)قياسية هي

ssp.bulgaricus EMCC 1102). حمام مائي علي درجة حرارة  ومعاملته حراريا في طازج ،حيث انتج عصير جزر
۱۰P× ٦-٥ثم التلقيح بالبادئ (تقريبا  دقائق ، ۱۰م لمدة °۸٥

۹  
P۳م لمدة ° ۳۷والتحضين علي درجة حرارة  ل ) ،خلية/م 

يوم من ۱۲و ۹ ، ٦ ،۳يام أوسحبت العينات في  ،اً يوم ۱۲لمدة  )م°۱±٤(ة حرارة ثم التخزين علي درج، يامأ
وضحت ، أواللون والتحكيم الحسي والسكريات المختزلة pHوالحموضة ورقم ال  ،تقدير العدد الكلي للبكتيريالالتخزين،

P×  ٦.٥كثر من أن العدد الكلي لبكتيريا حمض اللاكتيك الحية كان أالنتائج 

۷
P۱۰  ارتفعت قيمة و ،حية/مل من العصيرخلية

 ،رييام من التخمأ ۳بعد  ٤.۲ إلى ٥.۷) من pHرقم الاس الهيدروجيني(انخفض % و۰.٦٥إلى % ۰.۱٥الحموضة من 
 تلتها السلالات المختلطة ،مل عصير ۱۰۰جم لكل  ۲.۱۱في استهلاك السكريات المختزلة  ىعلالأ bulgaricusكانت 
 للسلالةعداد البكتيريا الحية بصورة طفيفة أانخفضت ، الترتيب ىعلL. plantarum  ۱.۲۲ثم السلالة ،٤٥.۲

L. plantarum  ۱۰عدادها مرتفعة نسبيا (> أ وظلتP

٦
P  (۰.٥± ٤ثناء التخزين تحت تبريد أخليه حية لكل مل عصيرP

o 
Pم ،

 .L ) وكذلك السلالة۱:۱( ةطمختلال لعينات السلالات ٦.۷الي  ۷.۸من  (%) TSS انخفضت قيمة الجوامد الصلبة الذائبة
bulgaricus يليهم السلالة٦.۷الي  ۷.۸ من، L. plantarum  دار التغير في اللون كان مق، ٦.۹ إلى ۷.۸،انخفضت من
علي  ٦۹.۸كانت   L. bulgaricusوالسلالة  L. plantarum ۷۲.۷والسلالة  ۷۸.۱)= ۱:۱( ةالخليط اعلي للسلالات

ن يكون مشروب أيمكن  ،بكتيريا حمض اللاكتيك ىالمحتوي علير الجزر المتخمر ن عصإلى أتشير النتائج ، الترتيب
في الحصول علي فوائد بكتيريا  شخاص النباتيين ،والأللاكتوز اللبن للاشخاص اللذين لديهم حساسية  رخيص الثمن صحي

 المتخمرة.كبديل لمنتجات الالبان  المتخمرة ةمن خلال عصائر الخضر والفاكه حمض اللاكتيك الصحية
 

 

 

 

  

 ــــــــــــــــــــــــ
 ون :ـــالمحكم

 .جامعة الزقازيق -كلية التكنولوجيا والتنمية  -عات الغذائية ستاذ الصناأ   عبدالجواد محمد الشوافأ.د.  -۱
 .جامعة الزقازيق -كلية الزراعة -ستاذ الصناعات الغذائية أ   يـجيهان محمد الشوربجأ.د.  -۲


