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Abstract Lacto-juices processed by lactic acid fermentation bring about
a change in the beverage assortment for their high nutritive value, vita-
mins and minerals which are beneficial to human health when consumed.
Sweet potato roots (non-boiled/ fully-boiled) were fermented with Lac-
tobacillus plantarum MTCC 1407 at 28 ± 2◦C for 48 h to make lacto-
juice. During fermentation both analytical [pH, titratable acidity, lactic
acid, starch, total sugar, reducing sugar (g/kg roots), total phenol and β-
carotene (mg/kg roots)] and sensory (texture, taste, aroma, flavour and after
taste) analyses of sweet potato lacto-juice were evaluated. The fermented
juice was subjected to panelist evaluation for acceptability. There were
no significant variations in biochemical constituents (pH, 2.2–3.3; lactic
acid, 1.19–1.27 g/kg root; titratable acidity, 1.23–1.46 g/kg root, etc.) of
lacto-juices prepared from non-boiled and fully-boiled sweet potato roots
except β-carotene concentration [130 ± 7.5 mg/kg (fully-boiled roots)
and 165 ± 8.1 mg/kg (non-boiled roots)]. The panelist evaluation scores
ranged from 3–4.8 (in a hedonic scale of 1–5) from moderate liking to
very much liking of sweet potato lacto-juice. Principal component anal-
yses reduced the eight original analytical variables to three independent
components (factors), which accounted for 99.9% of the total variations.
Similarly, five original sensory variables were reduced to two independent
components, which accounted for 83.1% of the total variations.
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Introduction

Fermented beverages produced by controlled fermentation
through lactic acid bacterial strains and yeasts that mani-
fest probiotics characteristics [1] are new and in demand.
The most frequently manufactured beverages and prepa-
rations containing probiotics lactic acid bacteria are based
on milk and its derivatives. Fermented horticultural prod-
ucts such as vegetable and fruit juices are alternative to the
group of consumers with an intolerance or allergenic to milk
protein [2].

Lactic acid fermented vegetable juices can occur ‘spon-
taneously’ by the natural lactic acid bacterial microflora,
i.e. Lactobacillus, Leuconostoc, Pediococcus, etc. [3]; how-
ever, the addition of ‘starter culture’ provides consistency
and reliability of performance [4]. Lactobacillus plantarum
is the ‘starter’ most frequently used in lactic acid fer-
mentation of plant materials [5, 6]. Lactic acid fermented
juices are mainly produced from cabbage, carrot, celery
and tomato. There are agricultural, nutritional, sensory and
preservation reasons for evaluating lactic acid fermentation

as a potential process for production of lacto-juice from
other vegetables such as sweet potato (SP).

SP is the world’s seventh most important food crop after
wheat, rice, maize, potato, barley and cassava [7]. India is
considered as one of the leading producers of SP in world
with production of 1.35 million tonnes of roots annually [7].
The roots are rich in starch, sugar, vitamin C, provitamin
A, iron and minerals and some varieties contain coloured
pigments such as β-carotene and anthocyanin [8]. These
pigments are considered as anti-oxidant having physiologi-
cal attributes such as anti-oxidation, anti-cancer, protection
against night blindness, ageing and liver injury [9].

Principal component analysis (PCA) is used in all scien-
tific branches [10]. This method is advantageously applied
for the evaluation in food products analyses. PCA is used
for the reduction of information on a large number of vari-
ables into a small set while losing only a small amount
of information [11]. The major feature of this method is
a reduction of the dimensionality in a set of variables by
constructing an uncorrelated linear combination of them.
The combinations are computed in such a way that the first
component accounts for the major part of variance that is
the major axis of the points in the p-dimensional space [10].
For the evaluation of the results of the biochemical analyses
of sweet potato lacto-juice, the multivariate statistical meth-
ods (correlation analysis and principal component analysis)
were studied.

In this study, β-carotene-rich SP roots were processed to
produce lactic fermented juice using Lb. plantarum as the
‘starter culture’ and the sensory attributes (texture, taste,
aroma, flavor and after taste) of the final product were eval-
uated. For the evaluation of the results of the biochemical
and sensory analyses of sweet potato lacto-juice, the mul-
tivariate statistical methods (correlation analysis and prin-
cipal component analysis) were studied.

Materials and Methods

Lactobacillus plantarum

Lb. plantarum was procured from Institute of Microbial
Technology, Chandigarh, India. The bacterial culture was
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maintained on Mann Rogassa Sharpe (MRS) [12] agar
slants at room temperature (28 ± 2◦C).

Preparation of Starter Culture

Hundred grams of good quality of sweet grapes (Var.
Bangalore Blue) were selected and washed under run-
ning tap water. These grapes were mashed in a Mixer-cum
Grinder (TTK Prestige Ltd., Bangalore, India) and the juice
was extracted by using a juice squeezer. The volume of
juice (filtered through cheese cotton cloth) was measured
and equal volume of water was added. The mixture was
boiled for 10–15 min on a hot plate and was cooled at room
temperature of 28 ± 2◦C. After cooling the grape juice
was inoculated with Lb. plantarum culture from the stock
culture under laminar flow (Klenzoides, Bombay, India)
and was incubated in an incubator (Beautex Instruments,
New Delhi, India) at 30◦C for 24 h to prepare the starter
culture.

SP Roots

Freshly harvested and unbruished β-carotene rich SP
(Var. ST 14) roots having following biochemical com-
positions (starch, 148.0 ± 3.5 g kg−1; total sugar, 23.5 ±
0.34 g kg−1; dietary fiber, 18.9 ± 0.29 g kg−1; ascorbic acid,
200 ± 4.1 mg kg−1 and β-carotene, 180 ± 4.1 mg kg−1)
[13] were collected from the experimental farm of Re-
gional Centre of Central Tuber Crops Research Institute,
Bhubaneswar during the month of February, 2006 (day
temperature, 28 ± 2◦C and night temperature, 24 ± 2◦C).
These roots were harvested randomly from three sub-plots
(4 m × 4 m) of a larger plot (40 m × 40 m) and mixed.
The roots were used within 24 h after harvest.

Preparation of SP Lacto-juice

SP roots were properly washed in running tap water, peeled
and grated by a Mixer-cum-Grinder (TTK Prestige Ltd.,
Bangalore, India). These grated roots were subjected to
three types of treatments: non-boiled, half-boiled (60◦C for
5 min) and fully- boiled (100◦C for 15 min). Again, each
treatment was divided into two lots: one lot was not treated
with commercial pectinase and the other lot was treated with
pectinase (Pectinex, Novozymes, Denmark) for extraction
of juice.

Extraction of Juice

Hundred grams of grated SP roots (<2 mm) (non-boiled,
half-boiled or fully- boiled) were dispensed in 500 ml plas-
tic jars (Polypet R©, Bombay, India). Fifty ml of sterilized
water was added (2:1 ratio) to the grated SP roots and
four different concentrations (0.025–0.5%) of pectinase

enzyme were added into each bottle and the contents were
thoroughly mixed to facilitate juice extraction. The bottles
were incubated on the laboratory bench at room tempera-
ture (28 ± 2◦C) for 24 h. The bottles (three replicates per
treatment) containing grated SP and sterilized water but
without pectinase served as control. After incubation for
24 h, the juice was extracted by pressing the grated roots
by a cheese cotton cloth.

Fermentation

Only juice extracted from non-boiled and fully-boiled SP
was used for fermentation. The extracted SP juice was in-
oculated with a teaspoon (3 ml) of Lb. plantarum starter
culture (1 × 107 CFU/ml) and incubated for 48 h on the lab-
oratory bench at room temperature. Three replicates were
maintained for each treatment. The flowchart for SP lacto-
juice preparation is given in Figure 1.

Biochemical Analyses of Lacto-Juice

Data were collected for several physical (juice yield and
pH) and biochemicals (starch, total sugar, reducing sugar,
lactic acid, titratable acidity, total phenols and β-carotene)
constituents of SP lacto-juices prepared as described above.

The pH was measured by a pH meter [Model 351, Sys-
tronics (India) Pvt. Ltd., Ahmadabad, India] using glass
electrode. Titratable acidity and lactic acid contents were
measured by titration and spectrophotometric (UV-VIS
spectrophotometer, Model 7250, Cecil Instruments, UK)
methods, respectively [14] and the values were expressed
in g/kg SP roots. Starch, total sugar, reducing sugar, total
phenol and β-carotene contents were estimated by spec-
trophotometric method [15] and the values were expressed
in g/kg SP roots (expect β-carotene and total phenol ex-
pressed in mg/kg SP roots).

Microbial Count

Coliform bacteria in SP lacto-juice were enumerated
in Mac Conkey’s broth (HiMedia Laboratories Pvt.
Ltd., Mumbai, India) by Most Probable Number (MPN)
technique [16].

Sensory Evaluation

Sensory attributes (such as texture, taste, aroma, flavour
and after taste) were evaluated using a 5 point Hedonic
scale (where 1 = dislike extremely and 5 = like extremely)
by 24 panelists (gender: 8 women: 16 men; age group:
25–40) selected from students and staff members of the
Institute. In one set, lacto-juice prepared from non-boiled
and fully-boiled SP roots was added with 10% sugar cane,
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- carotene  
rich SP 

Wash, clean in running tap water and peel 

Fully-boiled (boiled at 
100

o
C for 15 min) 

Non-boiled

Add pectinase enzyme (0.05%) and incubate at room 
temperature (28± 2oC) for 24 h 

Extract the juice

Inoculate with Lb. plantarum starter 
culture [use 48 h old culture] 

Fermentation (at 28oC) for 48 h

Fill the bottle and cork 

SP lacto- juice

Filter the supernatant, add  sugar  (10%) if desired 
and add potassium metabisulphite (100 µg /ml) 

cane

Figure 1. Flowchart for preparation of SP lacto-juice.

and the other set was evaluated without addition of sugar
cane.

Lacto-juice was served in polypropylene transparent
cups which had been labeled with 3-digit random number.
Questionnaires and water for mouth rinsing between each
tasting were provided. Panelists were asked to read through
the questionnaires and the meaning of each attribute was
explained to the panelists to avoid any misinterpretation
[17]. Prior to evaluation, a session was held to familiar-
ize panelists with the product. The sensory evaluation data
were presented as the means of the panelists’ score. A stan-
dard t-test was used to test for the statistical significance
of the differences observed between the scores of the two
tests [18].

Statistical Methods

For the evaluation of analytical results, the multivariate
statistical methods: correlation analysis and PCA were ap-
plied. The data matrix of the analytical results by SPSS
(SPSS Software for Windows release 10.0, SPSS Inc.,
USA) was analyzed.

Results and Discussion

Fermented vegetables and vegetable juices contribute sig-
nificantly to the diet of people in a number of countries [6].
Vegetable juice processed by lactic acid fermentation brings
about a change in the beverage assortment for their high
nutritive value, vitamins and minerals [5]. In several coun-
tries of Europe, the consumption of lactic acid fermented
vegetable juice has increased. Vegetables like Chinese cab-
bage, tomato, carrot and spinach juice gave relatively high
fermentability than other vegetables as they have more fer-
mentable sugars [19].

Vegetable root crop such as SP is rich in starch, sugars
and phenols and can serve as good substrate for lacto-juice
preparation by fermentating with lactic acid bacteria [8].
SP lacto-juice is a new product with beneficial probiotics
properties of lactic acid bacteria, and enriched with pheno-
lics and β-carotene (anti-oxidants) contents. Further, there
was no physiological and microbiological deterioration of
SP lacto-juice for 30 days. The biochemical and sensory
analyses of SP lacto-juice are described below.

Enzymatic Extraction of SP Lacto-juice

Juice yield is a critical factor in the vegetable fermentation
process [20]. The cell walls of SP roots are rich in cellulose,
hemicellulose and pectin, which obstruct in the process of
juice extraction. Figure 2 shows the application of commer-
cial pectinase for extraction of juice from SP roots. With ap-
plication of pectinase (0.025–0.5%), there was an increase
of juice yield over non-treated samples. Further, there was
more yield of juice from fully-boiled SP in comparison
with non-boiled or half-boiled roots. For example, in 0.05%
pectinase treatment, juice extraction was 44 and 29% more
in fully-boiled SP roots than non-boiled and half-boiled
roots, respectively. This was obvious because boiling at
100◦C for 15 min partially gelatinized the starch and broke
down the cross-linkage of cellulose-hemicellulose-pectin
complex of cell wall which further disintegrated with the
application of pectinase. However, there was a decline in
juice yield beyond 0.25% pectinase treatment; this might
be due to mashiness of the grated root which affected juice
extraction [21]. Most of the vegetables such as carrot and
beet roots are fermented without boiling [22]. SP is con-
sumed in tropics either as ‘baked’ or ‘boiled’. Although the
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Figure 2. Effect of different concentration (0.025–0.5%) of commercial
pectinase (Pectinex, Novozymes, Denmark) on juice yield from SP roots.

juice yield from non-boiled roots was low in comparison
to fully-boiled roots, further experiments were conducted
using both non-boiled and fully-boiled roots.

SP Lacto-juice of Fully-boiled and Non-boiled Roots

Table 1 shows the biochemical changes during lacto-juice
preparation from SP fully-boiled and non-boiled roots. Af-
ter 48 h fermentation, the pH dropped from 6.1 (prior to
fermentation) to 3.3 and from 5.8 to 2.2 in fully boiled and
non-boiled roots, respectively. Simultaneously, there was a
decrease in starch, total sugar and reducing sugar content;
concomitantly, there was an increase in titratable acidity
and lactic acid concentration in both the above treatments.
However, there was not significant variation in total phe-
nolic contents. pH is a critical factor in developing flavour
and aroma of fermented products [4]. The optimal pH of
fermented vegetable juices like cabbage and carrot were re-
ported to be 3.8–4.5 [23]. The decrease in pH during lactic
acid fermentation was due to accumulation of organic acids
especially lactic acid [10, 19, 24]. Further, the decrease in
concentration of starch and sugar during fermentation was
due to their bioconversion into lactic acid to a larger extent
and utilization during growth and metabolism of Lb. plan-

tarum to a lesser extent [22]. Klewicka et al. [2] reported a
similar increase in lactic acid concentration during fermen-
tation of beet juice using strains of Lactobacillus spp. (Lb.
plantarum, Lb. acidophilus and Lb. delbrueckii). The situ-
ation was also similar to other vegetable juice fermentation
[25].

Boiling at 100◦C for 15 min substantially reduced
β-carotene content from 180 mg/kg in fresh tuber to
140 mg/kg in fully-boiled tuber [26]. This amount remained
more or less same after fermentation (Table 1). There were
least variations in biochemical constituents of lacto-juices
prepared from fully-boiled and non-boiled SP roots except
β-carotene concentration.

Sensory Analysis

The consumer panel evaluated the SP lacto-juice prepared
from non-boiled and fully-boiled roots with or without addi-
tion of 10% sugar cane. The sensory analysis showed that
panelists rated the lacto-juice prepared from fully-boiled
roots which was added with 10% cane sugar, was quite
high in acceptability in comparison to other preparations
(Table 2). However, SP lacto-juice prepared from non-
boiled roots would be preferred nutritionally over fully-
boiled roots because of the presence of comparatively
higher β-carotene concentration that gave also an attrac-
tive yellow colour to lacto-juice.

Lactic acid fermentation has distinct advantages; for ex-
ample the food becomes resistant to microbial spoilage and
to development of toxins [27]. Lactic acid bacteria grow
readily on most food substrates and lower the pH to a point
where other competing organisms can no longer grow. In
the present study, toxic intestinal coliform bacteria such
as Escherichia coli were not found. Further, the lacto-juice
was stable up to 30 days without any deterioration in quality
and taste.

Statistical Evaluation of Results of Biochemical Analyses

The correlation analysis was used for the measurement of
the linear association between variables. Pearson’s cor-
relation coefficients (r2) among the analytical variables

Table 1. Physiological changes [pH, titratable acidity (TA), lactic acid (LA), starch, total sugar, reducing sugar (g kg−1 roots), total
phenols and β-carotene (mg kg−1 roots)]∗ of lacto-juice prepared from fully-boiled and non-boiled SP fermented for 48 h

Treatment of SP pH TA LA Starch Total sugar
Reducing
sugar Total phenol β-carotene

Fully-boiled 3.3 ± 0.3 1.23 ± 1.8 1.19 ± 2.8 84 ± 3.4 11.2 ± 1.6 3.5 ± 0.7 317 ± 3.9 130 ± 7.5
(6.1 ± 0.9) (0.8 ± 0.03) (0.7 ± 0.05) (141 ± 8.9) (21.0 ± 1.3) (7.5 ± 0.3) (350 ± 3.2) (140 ± 4.9)

Non-boiled 2.2 ± 0.6 1.46 ± 1.4 1.27 ± 1.7 98 ± 3.8 11.9 ± 1.5 4.2 ± 0.4 365 ± 3.8 165 ± 8.1
(5.8 ± 0.4) (0.7 ± 0.05) (0.5 ± 0.04) (145 ± 7.7) (21.4 ± 1.3) (8.0 ± 0.5) (450 ± 4.3) (180 ± 4.1)

∗Figures in parentheses indicate the corresponding initial value (0 h). ± Standard deviations.
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Table 2. Sensory scores of SP lacto-juice fermented for 48 h

Treatment of SP Sugar concentration (10%)∗ Texture Attributes taste Aroma Flavour After taste

Fully-boiled With Sugar 4.4 4.8 4.1 4.5 4.6
Without Sugar 3.8 1.8 3.2 3.2 2.1

Non-boiled With Sugar 3.9 3.7 3.1 3.0 3.8
Without Sugar 2.8 3.5 2.9 3.2 3.4

n = 24

∗Values are means of the panelist’s scores 1 = dislike extremely; 2 = like moderately; 3 = like much; 4 = like very
much; 5 = like extremely.

have revealed that the pH was significantly correlated
with titratable acidity (−0.660), lactic acid (−0.544) and
β-carotene (−0.837). The other significant correlations
were titratable acidity-lactic acid (0.909), total sugar-
phenol (0.923), total sugar-β-carotene (0.849) and β-
carotene-phenol (0.940).

Using PCA, the eight original variables were reduced
to three principal components (PC1, PC2 and PC3), which
had eigenvalues larger than 1 and retained for rotation. PC1
accounted for 52.04%, whereas PC2 and PC3 accounted
for 25.98% and 21.89% of the total variations, respectively.
When combined, PC1–PC3 together accounted for 99.91%
of the total variations. To assist interpretation of dimen-
sions, the factor pattern was rotated using varimax method.
Based on the guidelines provided by Stevens [28], an at-
tribute was considered to load heavily on a given component
if the factor loading was greater than 0.72. All the eight
analytical variables loaded heavily on three dimensions.
Three analytical variables, i.e. total sugar (+ve), total phe-
nol (+ve) and β-carotene (+ve) were loaded heavily on
PC1, indicating strong correlations among these attributes.
Substantial factor loading of titratable acidity (+ve) and
lactic acid (+ve) on PC2 and pH (−ve), starch (+ve) and
reducing sugar (+ve) on PC3 was observed. Plotting PC1
against PC2 and PC3 shows the same trend (figures not
shown).

Statistical Evaluation of Results of Sensory Analyses

Pearson correlation coefficients (r2) among the sensory
data show that all the sensory parameters were signifi-
cantly correlated with each other. For example, taste was
significantly correlated to texture (0.276), aroma (0.465)
and flavour (0.537). The other important correlations were
aroma-texture (0.584), flavour–aroma (0.758), etc.

Using PCA, the 5 original variables were reduced to two
principal components (PC1 and PC2), which had eigenval-
ues larger than 1 and retained for rotation. PC1 accounted
for 61.1% whereas PC2 accounted for 21.96% of the to-
tal variations. When combined, PC1 and PC2 together ac-
counted for 83.1% of the total variations. These five sen-
sory attributes loaded heavily on two dimensions. Texture,

aroma and flavour were loaded positively on PC1, whereas
taste and aftertaste were loaded positively on PC2. Plot-
ting PC1 against PC2 shows the similar trend (figures not
shown).

There was a few numbers of studies when PCA was ap-
plied for evaluation of lactic fermented food product anal-
ysis [10]. Karovićovă et al. [29] have evaluated vegetable
juices processed by lactic fermentation using PCA and re-
duced seven original analytical variables to just one inde-
pendent component (factor), which accounted for 96.9%
of the total variances. Similarly, Panda et al. [13] applied
PCA for evaluating biochemical analysis data for lactic acid
fermentation of sweet potato into pickle. The original six
analytical variables were reduced to two independent com-
ponents, which accounted for 92% of the total variations.

Conclusion

SP lacto-juice was prepared by fermenting grated SP roots
with Lb. plantarum. It provided additional minerals, di-
etary fiber, Vitamin C, total phenols and starch (carbo-
hydrate source), which functioned as a thickner. It also
provided significant β-carotene which is considered as an
anti-oxidant and anti-cancer compound and the precursor
of Vitamin A. Night blindness is a major physiological dis-
order among these people due to Vitamin A deficiency [30]
which can be alleviated by regular consumption of orange
flesh (β-carotene rich) SP either fresh, boiled or as a sup-
plement in fermented vegetables [13] and vegetable juices
as in the present study.
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