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Abstract 

A technology for preparation of non-alcoholic self-carbonated beverage from carrot and its 
blends with lemon juice using “Saccharomyces cerevisiae G” was done under optimized 
fermentation conditions. This yeast on inoculation @ 0.5% v/v in blended juice whose Total 
Soluble Solids (TSS) adjusted to 16.0°B and fermentation at 20 ± 5°C for 36 h produces a 
non-alcoholic naturally carbonated beverage. Two combinations of 1:1 and 3:1 of carrot and 
its blends with lemon juice were prepared. The physicochemical changes for carrot and 
lemon (1:1) beverage recorded after storage for three months at refrigerated condition (4⁰C) 
showed TSS around 14°B from 16°B, pH declined from 4.8 to 3.5, % titrable acidity increased 
from 1.69 to 1.85, Brix acid ratio reduced from 9.43 to 7.56, total sugars (%) decreased from 
35.8 to 24.3 and reducing sugars (%) varies from 6.7 to 2.0. For carrot and lemon (3:1) 
beverage the physicochemical characteristics were TSS 13.5°B, pH reduced from 6.0 to 4.5, % 
titrable acidity increased from 1.83 to 2.24, Brix acid ratio declined from 7.95 to 6.37, total 
sugars (%) varied from 3.44 to 2.89 and reducing sugars decreased from 0.43 to 0.10 with a 
shelf life of 90 days under refrigerated conditions (⁰C). Sensory evaluation was also done 
after addition of spices like salt, mint and cumin in the ratio of 1:2:1. The carrot: lemon (1:1) 
beverage score „liked very much‟ and carrot: lemon (3:1) beverage score „liked moderately‟ 
due to naturally produced CO2 during fermentation that adds effervescence, sparkle and 
tangy taste to the beverage.  

Key words: Non-Alcoholic Naturally Carbonated, Beverage, Saccharomyces cerevisiae, 
Fermentation, Carrot, Lemon, Blended, Physicochemical, Shelf Life. 

Introduction 
The agro climatic suitability coupled with 
abundance of natural resource endowment, 
equips India with a unique comparative 
edge in the cultivation of variety of 
horticultural crops [1]. But the slump side is 
that enormous production and its 
potentiality is marred by colossal wastage, 
very low level of processing and non-
availability of good post-harvest 
infrastructure [2]. The country produces 

about 50 million tones of fruits per year but 
only 2% of this goes for processing, while 
over 25% is spoiled due to improper 
handling and storage which results in 
quantitative and qualitatively losses (flavor, 
texture, nutritional value and safety) [3]. 

Carrot juice is of high nutritive value, rich in 
antioxidants and minerals, fiber, 
carbohydrates (sucrose, glucose, xylose and 
fructose), vitamin A derived from its high α-
carotene, β-carotene content (predominant 
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carotenoid) and bright orange color [3-4]. 
Lemon fruits are astringent with harsh 
flavor (Limonin and Naringin) and are not 
palatable for direct consumption, but due to 
its nutritional and therapeutic values it 
offers enormous potential for processing [5]. 
The nutritive value of lemon lies in its high 
contents of acidity, ascorbic acids, minerals, 
flavonoids and phenolics. Its nutrients, 
vitamins and flavonoids help to prevent 
unwanted damage to cell membranes and 
other structures of the body by neutralizing 
free radicals [6]. 

The alarming wastage associated with carrot 
and lemon coupled with its low level of 
industrial utilization in the developing 
countries calls for a great concern. The 
nutritional and therapeutic value of lemon 
and carrot can be tapped by processing them 
into value added fermented product (non 
alcoholic self-carbonated beverage) [7]. 
Compared to fruit juices, the formulation of 
naturally carbonated beverage offers more 
variety of flavors, nutrients, long shelf life 
and other physiological benefits with a 
greater margin of safety in a drink with a 
lower inherent cost. Fermentation of 
blended carrot and lemon juice can provide 
health beverage with refreshing thirst 
quenching, medicinal and therapeutic 
properties [8]. The fermented beverage 
retains nutrients and additionally CO2 so 
produced is anti-microbial and adds tangy 
taste, fizz and sparkle to the beverage. 
Carrot and lemon are available for a short 
span of time in a year and result in seasonal 
glut. To make their available throughout the 
year in the form of beverage, in this paper a 
reliable and convenient technology for the 
production of non alcoholic self carbonated 

beverage with enhanced shelf life is 
developed. 

 Materials and Methods 

Growth kinetics of yeast in Beverage  
The bacterial strain used in this work, 
„Saccharomyces cerevisiae G‟ procured from 
Department of Microbiology, Punjab 
Agricultural University, Ludhiana. To study 
growth characteristics, a loopful of 24 hrs 
old actively growing yeast culture was 
inoculated in 500 ml Erlenmeyer flasks 
containing 250 ml Glucose Yeast Extract 
(GYE) broth. It was incubated at 20 ± 5ºC for 
24 hrs to prepare primary inoculum. From 
the primary inoculum, 0.5% v/v was 
inoculated in pasteurized and blended 
carrot-lemon juice with 16ºB to carry out 
fermentation. Growth curve was obtained in 
terms of optical density. 

Procurement of vegetables and fruits  
Fully ripened, mature, fresh vegetable 
(carrot) and fruit (lemon) were purchased 
from the local market and brought to the 
Post graduate department of Biotechnology, 
Microbiology laboratory, Lyallpur khalsa 
college, Jalandhar.  

Juice preparation 
Healthy fruits and vegetables were washed 
with chlorinated water to remove dust 
particles and to reduce the microbial load on 
the surface of the fruits and vegetables. 
Carrot juice was extracted aseptically using 
electronic juicer (KALSI). Lemon were 
washed and cut into two halves, deseeded 
and squeezed with lemon squeezer to 
extract juice. Extracted juice was filtered 
through muslin cloth. Different juice blends 
were prepared and divided into two lots 
(Table 1). 
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Table 1 Preparation of juice blends as per following blending ratio 

S. No. Types of Juice Blending Ratio 

1. Carrot juice: Lemon juice 50:50 (1:1) 

2. Carrot juice: Lemon juice 75:25 (1:1) 

 

Preparation of sugar solution 
The sugar solution was prepared by boiling 
the granulated sucrose procured from local 
market of Adampur city (50g/100ml) and it 
was boiled for 5-10 min. Before using for 
beverage production, the sugar solution was 
cooled to room temperature and stored 
aseptically in glass bottles. 

Physicochemical analysis of carrot and 
lemon juice 
The physicochemical analysis of blended 
juice (carrot and lemon juice) was done 
including Total Soluble Solids (TSS, ºB), pH, 
acidity (%), Brix-acid ratio. The carrot and 
lemon juices were mixed as earlier 
described. Blended juice was diluted in the 
ratio of 1:2 with H2O. Diluted juice was 
pasteurized at 82ºC for 15 sec. It was cooled 
and brix adjusted to 16ºB by adding sugar 
solution followed by inoculation of yeast @ 
0.5 % (v/v). It was incubated for 36 hrs at 20 
± 5ºC. The beverage was refrigerated for 24 
hrs, siphoned, bottled and stored in 
refrigerated conditions.  

Chemical analysis 
Percent Total Soluble Solids (% TSS ºB) in 
beverage was determined by Erma hand 
refractometer of 0-32 ºB (Erma, Tokyo, 
Japan). The pH of the juice was determined 
using a digital pH meter. The pH meter was 
standardized by using buffers of pH 7.0 and 
4.0 prior to recording pH of the samples. 
Total acidity expressed as % anhydrous 
citric acid by titration against standardized 
0.1 N NaoH solution in the presence of 
phenolphthalein as an indicator [9]. Brix-
acid ratio was calculated by dividing the 

brix of the drink with the percent acidity. 
Total sugars estimated by phenol sulphuric 
acid method [10] using glucose as standard. 
Reducing sugars estimated by the method of 
Miller [11].  

Effects of spices on organoleptic properties 
of beverage  
Salt, cumin and mint were procured from 
local market. Cumin was washed, dried, 
baked and crushed. Salt and crushed cumin 
was sterilized in oven. Mint was washed 
manually and crushed to extract juice. The 
extracted juice was pasteurized at 82ºC for 
15 min. These spices were added in the ratio 
of 1:2:1 (cumin: mint: salt) per litre after 
carrying out fermentation. 

Sensory evaluation 
The beverages were evaluated for 
organoleptic qualities on the basis of color, 
appearance, texture, taste, aroma and overall 
acceptability by a panel of judges using 
nine-point hedonic scale [12]. 

Results and Discussion 
Studies on growth kinetics of yeast in 
blended Carrot: Lemon juice (1:1) 
The growth kinetics of yeast Saccharomyces 
cerevisiae G was performed in carrot: lemon 
(1:1) blended juice to understand the growth 
and metabolic activities of yeast throughout 
fermentative phase. The growth curve of 
yeast in juice with TSS 16ºB at temperature 
20 ± 5ºC for nine days (216 hrs) under 
aerobic conditions with respect to optical 
density was prepared (Fig. 1). It was found 
to show normal pattern with first a short lag 
period of ten hrs followed by exponential 
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growth up to 24 hrs as indicated by sharp 
increase in optical density. The exponential 
growth is followed by stationary phase 
where the optical density remained almost 
constant. Sener et al [13] stated the short lag 
phase in yeast growth may be the result of 
the pre-adapted state of the cells used as 
inoculum. In addition to this, he also 
reported that when all the sugar was used 
up and the ethanol concentration increased 

to the maximum level, the yeast growth 
ceased and the cells entered the stationary 
phase. Optical density started decreasing 
from five-nine days (120-216 hrs) showing 
death phase of growth curve. In another 
report, it was found that the acceleration of 
yeast death may be due to inadequate 
supply of nitrogenous substances, vitamins, 
concentration of dissolved oxygen and 
insoluble solids [14]. 

 

 

Fig. 1 Growth Kinetics of Saccharomyces cerevisiae G in blended carrot: lemon (1:1) juice 

Studies on growth kinetics of yeast in 
blended Carrot: Lemon juice (3:1) 
The growth pattern of yeast in carrot: lemon 
(3:1) blended juice with TSS 16ºB at 
temperature 20 ± 5ºC for six days under 
aerobic conditions with respect to optical 
density was observed (Fig. 2). A normal 

growth curve pattern was found with first a 
lag period of eight to ten hrs followed by 
exponential increase in growth up to 48 hrs 
of incubation at 20 ± 5ºC. After that, yeast 
cells entered into death phase as indicated 
by decrease in optical density from four to 
six days (96-144 hrs) of incubation. 
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Fig. 2 Growth Kinetics of Saccharomyces cerevisiae G in blended carrot: lemon (3:1) juice 

Preparation of non-alcoholic self 
carbonated beverage from carrot and lemon 
blend  
The suitability and higher sensory score of 
beverages is very much dependent on its 
physicochemical and organoleptic 
properties. There may be changes in the 
physicochemical characteristics and loss of 
some compounds that impart flavor and 
aroma to the beverage during pasteurization 
and storage [15]. The constancy of fruit-
based beverages is also influenced by the 

type of fruit juice used in their formulation 
[16].  

Physicochemical composition of carrot: 
lemon (1:1) juice prior to fermentation 
The physicochemical composition of carrot: 
lemon (1:1) juice was evaluated on the basis 
of chemical analysis. The physicochemical 
characteristics of blended juice was TSS (ºB) 
16.0, % titrable acidity 1.88, pH 5.8, Brix acid 
ratio 8.51, total sugar (%) 37.8 and reducing 
sugars (%) 6.72 (Table 2). 

Table 2 Physicochemical characteristics of blended carrot: lemon (1:1) juice prior to 
fermentation 

S. No. Parameters Observation 

1 TSS (°B) 16.0 

2 Total Acidity 1.88 

3 pH 5.8 

4 Brix acid ratio 8.51 

5 Total sugar (%) 37.8 

6 Reducing sugar (%) 6.72 

Physico-chemical composition of carrot: 
lemon (3:1) juice prior to fermentation 
The physicochemical composition of carrot: 

lemon (3:1) prior to fermentation was TSS 
(ºB) 16.0, % titrable acidity 1.18, pH 6.0, Brix 
acid ratio 13.5, total sugar (%) 3.85 and 
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reducing sugars (%) 4.31 (Table 3). 

Table 3 Physicochemical characteristics of blended carrot: lemon (3:1) juice prior to 
fermentation 

S. No. Parameters Observation 

1 TSS (°B) 16.0 

2 Total Acidity 1.18 

3 pH 6.0 

4 Brix acid ratio 13.5 

5 Total sugar (%) 3.85 

6 Reducing sugar (%) 4.31 

 

Shelf life studies 
Shelf-life of non alcoholic self carbonated 
carrot: lemon (1:1 and 3:1) blended beverage 
stored at refrigerated temperature was 
studied. 

Effect of fermentation on physicochemical 
properties of carrot: lemon (1:1) beverage 
The physicochemical changes for carrot and 
lemon (1:1) beverage recorded (Table 4) after 

storage for three months at refrigerated 
condition (4⁰C) showed TSS around 14°B 
from 16°B. A declined in pH towards acidic 
region was noticed from 4.8 to 3.5 as the 
storage of beverage increased. Titrable 
acidity increased from 1.69 to 1.85, Brix acid 
ratio reduced from 9.43 to 7.56, total sugars 
(%) decreased from 35.8 to 24.3 and 
reducing sugars (%) varies from 6.7 to 2.0. 

 

Table 4 Effect of storage on physicochemical characteristics of non-alcoholic self-
carbonated 

Carrot: Lemon (1:1) beverage 

Days Fresh 
15  

days 
30 

Days 
45 

Days 
60 

days 
75 

days 
90 

days 

TSS (°B) 16.00 16.00 15.50 14.50 14.00 14.00 14.00 

pH 4.80 4.50 4.50 4.00 4.00 4.00 3.50 

Total Acidity 1.69 1.76 1.78 1.80 1.82 1.82 1.85 

Brix acid ratio 9.43 9.09 8.70 8.05 7.69 7.60 7.56 

Total sugar (%) 35.8 30.5 31.8 27.5 25.0 24.4 24.3 

Reducing sugar (%) 6.7 5.2 4.0 3.5 2.5 2.4 2.0 

 

Effect of fermentation on physicochemical 
properties of carrot: lemon (3:1) beverage 
For carrot and lemon (3:1) beverage the 
physicochemical characteristics were TSS 
13.5°B, pH reduced from 6.0 to 4.5, % titrable 
acidity increased from 1.83 to 2.24, Brix acid 

ratio declined from 7.95 to 6.37, total sugars 
(%) varied from 3.44 to 2.89 and reducing 
sugars decreased from 0.43 to 0.10 with a 
shelf life of 90 days under refrigerated 
conditions (4⁰C) (Table 5). 
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Table 5 Effect of storage on physicochemical characteristics of non-alcoholic self-
carbonated 

Carrot: Lemon (3:1) beverage 
 

Days Fresh 
15  

days 
30  

Days 
45 

days 
60 

days 
75 

days 
90 

Days 

TSS (°B) 16.00 15.50 15.00 14.00 14.00 13.50 13.50 

pH 6.00 6.00 5.00 5.00 4.50 4.50 4.50 

Total Acidity 1.83 1.86 1.92 1.96 1.98 2.10 2.24 

Brix acid ratio 7.95 7.38 7.14 7.14 6.29 6.25 6.37 

Total sugar (%) 3.44 3.35 3.26 3.22 2.96 2.92 2.89 

Reducing sugar (%) 0.43 0.33 0.13 0.12 0.11 0.11 0.10 

 

The decrease in TSS content and reducing 
sugar content was observed due to 
disappearance of carbohydrates in the 
fermentation medium and rapid 
multiplication of yeast cells [14]. The pH has 
great importance to maintain shelf stability. 
pH can also influence the flavor and 
processing requirements of the beverage. 
The decrease in pH was attributed to 
formation of acidic compounds by 
degradation of reducing sugars [17]. A 
similar trend of decreasing pH was also 
reported by different researchers [8, 18]. The 
decrease in pH and increase in acidity is due 
to buffering action of juice. These results are 
in accordance with Aruna et al [19] who 
observed that during storage, TSS and pH 
decreased while acidity increased. Babajide 
et al [20] also reported decrease in pH and 
increase in acidity during storage of non-
alcoholic beverage made from millet grain. 
Brix acid ratio is a best indicator for 
measuring relative sweeteners or tartness of 
the product. The higher the brix in relation 
to acid contents of the drink then it means 
higher will be the ratio of sugars and 
sweeter the taste. Similarly lower the brix in 
relation to acidity of the drink, the lower the 

ratio of sugars and product will be sour in 
taste. Higher brix acid ratio was observed in 
fresh samples due to presence of sucrose 
that gives higher brix to drink.                               

Sensory evaluation 
Sensory evaluation was also done after 
addition of spices like salt, mint and cumin 
in the ratio of 1:2:1. Carrot: Lemon (1:1 and 
3:1) beverages were analyzed by panelists 
for sensory scores till period of three months 
(Table 6). It was observed that Blended 
carrot: lemon beverage is pale yellow in 
color and not red because of settling of red 
pigment. Muhammad et al [21] also reported 
loss in color during storage of beverage 
samples. In another report, Ahmed et al [22] 
observed gradual loss in color of mandarin 
(Citrus reticulata) diet drink over the entire 
storage period was due to action of acid 
present in the drink. Blended (1:1) scored 
highest for taste (7.6), aroma (7.6), 
appearance (7.4), texture (7.4) and overall 
acceptability (7.7). While in carrot: lemon 
(3:1) beverage scored highest in color (7.4). 
Appearance score was 7.2, texture (7.2), taste 
(6.4), aroma (7.6) and overall acceptability 
was 7.0. 
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Table 6 Effect of blending on sensory scores of Non-alcoholic beverage 

SENSORY ATTRIBUTES A (1:1) B (3:1) 

COLOUR 7.3 7.4 

APPEARANCE 7.4 7.2 

TEXTURE 7.4 7.2 

TASTE 7.6 6.4 

AROMA 7.6 7.6 

OVERALL ACCEPTABILITY 7.7 7.0 

                           A - Carrot:Lemon (1:1) 

                           B - Carrot:Lemon (3:1) 

These scores were got by getting the average 
value from five replicates out of ten score. 
The carrot: lemon (1:1) beverage score „liked 
very much‟ and carrot: lemon (3:1) beverage 
score „liked moderately‟ due to naturally 
produced CO2 during fermentation that 
adds effervescence, sparkle and tangy taste 
to the beverage. Hence, the blending ratio 
(1:1) is the best treatment with improved 
texture, taste and overall acceptability. 

Conclusion 
The alarming wastage associated with carrot 
and lemon coupled with its low level of 
industrial utilization in the developing 
countries calls for a great concern. This 
technology can redress the problems of 
horticulturalist by minimizing the post 
harvest losses, avoid fruit glut in the market 
and efficiently utilization of astringent, 
highly nutritive fruits in the form of value 
added fermented product (non alcoholic 
naturally carbonated beverage) with 
retention of nutritional properties, highest 
sensory qualities and shelf life of three 
months.  
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