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Abstract The prebiotic effect of different concentrations
of inulin (0, 1 and 2%) on the growth and survival of
Lactobacillus plantarum (LP) CECT 220 in blended carrot
and orange juices was investigated after 24 h of fermentation,
during 30 days of storage at 4 °C and through the phases of
gastrointestinal digestion after different storage periods.
Microbiological and chemical determinations were also car-
ried out in all juices. The lactic fermentation increased the
shelf life of the fermented juices with inulin. The hygienic-
sanitary quality in fermented juices was better than the control
juices. During storage, the inulin improved the viability of LP
and the monosaccharide concentration remained higher with
respect to the juice without inulin (40% lower). At 30 days, the
fermented juices with 2% inulin after in vitro digestion pre-
sented the highest survival of L. plantarum.
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Introduction

Products containing probiotics and prebiotics are known as
synbiotic foods. Probiotics consist mainly of Lactobacillus
and Bifidobacterium strains together with other species such
as Lactococcus, Enterococcus and Streptococcus [1, 2]. In
addition, these bacteria should be resistant to processing and

storage conditions and survive gastrointestinal digestion and
be able to reach the colon in sufficient amount [3], hence, their
concentration in foods has to be in the range of 106–107 UFC/
mL or gram at the moment of consumption [1]. Lactobacillus
plantarum is a homo-fermentative lactic acid bacteria (LAB)
that produces only lactic acid but can also metabolize a variety
of sugars, growing at the same time on different surfaces and
substrates such as meat, dairy products and vegetables and
frequently in the intestinal tract [4]. Prebiotics are non-
digestible food ingredients that are fermented in the colon by
beneficial bacteria (Lactobacillus and Bifidobacterium), stim-
ulating their growth and metabolic activity [5, 6]. Inulin is
considered to be a prebiotic and can be added to food without
affecting taste to stimulate the LAB [7].

The development of non-dairy probiotic or synbiotic foods
from fruits and vegetables has a high potential for the food
industry, owing to the growing trend on the market for vege-
tarian foods, together with the high percentage of lactose in-
tolerant people and the presence of cholesterol in dairy prod-
ucts [8]. Hence, there are nutritional reasons for testing lactic
acid fermentation as a potential process for production of
fermented juice from fruits and vegetables [9]. During storage
of fermented drinks, the low pH, the nutrient depletion and the
accumulation of lactic acid is a challenge for the survival of
probiotic bacteria being difficult to keep the right microbial
doses at the time of consumption [10].

The aim of the present study was to investigate the pre-
biotic effect of different concentrations of inulin on
fermented blended carrot and orange juice, through the
measurement of the growth of L. plantarum after 24 h of
fermentation, during 30 days of refrigerated storage and
during simulated human digestion in relation to the storage
period. The amounts of inulin, sugars and organic acids
were also determined in fermented juices during fermenta-
tion and storage.
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Materials and Methods

Bacterial Strain and Culture Conditions

A lyophilized culture of Lactobacillus plantarum CECT 220
(LP) was obtained from the Spanish Type Culture Collection
(CECT, Valencia, Spain). The bacterial strain was prepared
according to the method described by Valero-Cases and
Frutos [11]. The lyophilized microorganism was re-suspended
in 10 mL of the Man Rogosa Sharpe (MRS) broth (Oxoid;
Madrid, Spain) for 48 h at 37 °C (pre-inoculum). To obtain
an initial microbial count of around 108 colony forming units
per mL (CFU/mL), the pre-inoculum (1%, v/v) was inoculated
inMRS broth and incubated during 24 h at 37 °C. The biomass
was harvested by centrifugation at 2000×g for 10 min at 4 °C,
and washed twice with sterile phosphate buffer saline (PBS)
(Oxoid; Madrid, Spain) and stored in 10% (v/v) of glycerol at
−80 °C until use.

Development and Fermentation of Blended Carrot
and Orange Juice Fortified with Inulin

The juice was prepared using 2 kg of carrots (Daucus carota
L. cv. Nantesa) and 1 kg of oranges (Citrus sinensis L. cv.
Valencia-Late) from a local market in Orihuela (Alicante).
The vegetable material was washed for 5 min with tap water
and sodium hypochlorite at 90 °C and immediately rinsed
with cold tap water. The carrot juice was obtained using an
automatic juice extractor (Vitale Taurus, Taurus Group,
Lleida, Spain). The orange juice was extracted with a hand
squeezer (Taurus TC8, Taurus Group). The juices were clari-
fied by centrifugation at 5000 × g for 5 min at 4 °C. The juice
samples were prepared by blending 67% (v/v) of carrot juice
with 33% (v/v) of orange juice, with a final pH of 4.9. Xanthan
gum (0.25%, w/v) (Guinama; Valencia, Spain) was added as a
stabilizer.

Artichoke inulin with a degree of polymerization (DP) 10
(Farma-química; Málaga, Spain), was added to the blended
juice samples in different proportions to prepare juice without
inulin (JIN0%), juice supplemented with 1% inulin (JIN1%)
and with 2% inulin (JIN2%). The juices were transferred into
sterile borosilicate glass bottles with polypropylene screw
caps (250 mL), pasteurized at 90 °C for 5 min in a water
bath and cooled to 37 °C in an ice bath. The JIN0%, JIN1%
and JIN2% were inoculated with 2.5 mL/250 mL of juice
of a suspension of previously prepared LP (106 viable
cells/mL of juice), and incubated at 37 °C for 24 h. The
non-fermented control juice (CJ) was kept in the same
conditions during the incubation. After 24 h of incubation,
the fermented juices and CJ were stored during 30 days at
4 °C. The samples were analyzed at 0, 1, 8, 10, 12, 15 and
30 days.

Determination of the Viability of Lactobacillus plantarum

The viability of LP in the fermented juices was determined by
the plate count method. Aliquots (1 mL) of each sample were
diluted with 9 mL of sterile peptone water in serial dilutions
and they were spread plated in MRS agar (Oxoid; Madrid,
Spain) for enumeration and incubated under aerobic condi-
tions at 37 °C for 48 h. The results were expressed as Log10
colony forming unit per mL of juice (CFU/mL).

Determination of Yeasts and Moulds

The moulds and yeasts were determined in Petrifilm™ yeast
and mould count plates (3 M;Madrid, Spain). The plates were
incubated aerobically at 25 °C during 48–72 h for yeasts and
72–140 h for moulds. The results were expressed as Log10
CFU/mL.

Survival of L. plantarum under Simulated Gastric Juices
(SGJ) and Simulated Intestinal Juices (SIJ)

The tolerance of LP to in vitro digestion during storage time
was determined according to the method described by Valero-
Cases and Frutos [11], through the exposition of 10 mL of
JIN0%, JIN1% and JIN2% at 37 °C during 60 min to SGJ.
These SGJ were prepared in 100 mL of MRS broth acidified
to pH 3 with 1 M HCl (Panreac; Barcelona, Spain) and 3 g/L
of pepsin (Farma-química; Málaga, Spain). For the prepara-
tion of SIJ, the reaction was stopped after 60 min, by adjusting
the pH to 7 with 1 M NaOH (Panreac; Barcelona, Spain),
4.5 g/L of bile salts (Sigma-Aldrich; Madrid, Spain) and 1 g/
L of pancreatin (Sigma-Aldrich; Madrid, Spain) were added
and samples were incubated during 60 min at 37 °C. The
survival of LP in each different fermented juice was calculated
according to Eq. 1:

Survival %ð Þ ¼ N0=Nfð Þ � 100 ð1Þ

where N0 is the total number of viable cells in each different
fermented juice (JIN0%, JIN1% or JIN2%) before in vitro
digestion and Nf is the number of viable cells after in vitro
digestion in each different fermented juice (JIN0%, JIN1% or
JIN2%).

Chromatographic Analysis of Sugars, Inulin and Organic
Acids

The sugars, inulin and organic acids were simultaneously ana-
lyzed using high performance liquid chromatography (HPLC).
The determination was made using a Hewlett-Packard HPLC
series 1100 instrument (Woldbronn, Germany) equipped with a
Supelcogel C-610H (30 cm × 7.8 mm) column and a
Supelcoguard C-610H (5 cm × 4.6 mm) guard column
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(Supelco, Sigma-Aldrich; Madrid, Spain). A refractive index
detector (RID G1362A) was used for the sugars and inulin
analysis. The acids were monitored at 210 nm with a visible-
ultraviolet (UV-Vis-) diode array detector (DADG1315A). The
mobile phase was orthophosphoric acid at 0.1% and the injec-
tion volume was 20 μL with a flow of 0.5 mL/min in isocratic
conditions. Identification and quantification were obtained
through standard calibration curves for sugars (glucose, fruc-
tose, and sucrose), inulin and organic acids (malic, lactic, citric
and oxalic acids) (Sigma-Aldrich; Madrid, Spain). The results
were expressed as grams per litre.

Statistical Analysis

All experiments and analysis were conducted in triplicate. The
results were expressed as mean ± standard deviation. The
mean comparison was performed using analysis of variance
(ANOVA) followed by a Duncan test (p < 0.05), using SPSS v
21.0 software package (SPSS Inc., Chicago, IL, USA).

Results and Discussion

Effect of Inulin on the Growth and Survival
of L. plantarum and Changes in the Composition of Juices
after Fermentation and during Storage

After 24 h of fermentation at 37 °C, the growth of LP was
about 9.13 Log10 CFU/mL in all juices (Fig. 1a) regardless of
the addition of inulin (Fig. 1b, c). At the same time an increase
in lactic acid concentration was observed (2 g/L) without sig-
nificant differences (p > 0.05) in samples with inulin and
without inulin (Fig. 2). This was associated with a consider-
able reduction in fructose and glucose, with initial concentra-
tions of 14 g/L decreasing to 9.5 g/L in both monosaccharides
at the end of fermentation (Fig. 3). The concentrations of
malic acid also decreased from 6.5 to 2 g/L (Fig. 2). This
indicates the fast transformation of monosaccharides and the
conversion of the malic acid into lactic acid through the ma-
lolactic fermentation pathway made by LP after 24 h [12].
Accordingly, the lactic acid production from the metabolism
of these substrates resulted in a pH decrease from initial values
of 4.9 to 3.9 in all fermented juices after 24 h of fermentation.
However, the inulin remained unchanged during this fermen-
tation period (Fig. 1b, c). These results indicate that during
fermentation, the main carbon and energy sources for LP were
glucose and fructose (Fig. 3), while inulin, with a DP ≥ 10, is
fermented more slowly [13, 14]. Thus, the degradation of
inulin during fermentation may be related to the food compo-
sition, the LAB strain and to the fermentation time. However,
between 10 and 15 days of storage, the inulin concentration
decreased 17% in JIN1% and JIN2% (p > 0.05) (Fig. 1b, c),
while the monosaccharides concentrations remained constant

during this period for JIN1% and JIN2%. The fermentation of
inulin may be favored by the decrease of nutrients after a
certain storage period [15]. In the present study, it can be
stimulated by the decrease of monosaccharides during the
fermentation time and the first eight days of storage.
However, in the same storage period, the control samples
JIN0% showed a decrease in the concentration of glucose
and fructose as the only energy source. After 15 days, the
viability of LP was higher for samples with inulin.
Nevertheless, the survival of LP in JIN0% started to decrease
progressively after 15 days of storage because of the lower
concentration of monosaccharides at this stage (Fig. 1a).

During the last 15 days of storage, JIN1% and JIN2% had a
lower reduction in the concentration of monosaccharides com-
pared to control samples JIN0% (Fig. 3). This fact could be
related to the continuous consumption of inulin by LP during
this period, where a decrease in the concentration of inulin was
observed in all the samples with inulin (Fig. 1b, c). After
30 days, the total monosaccharide concentration in JIN0%
was 4 g/L lower with respect to juices with inulin (Fig. 3).
This means that the fermentation of inulin by LP improved
the monosaccharide concentration, probably having an impact
on the sensory properties. In previous studies, non- fermented
blended carrot and orange juices showed high sensory quality
in relation to odour and flavour [16, 17]. However, Luckow and
Delahunty [18] reported that regular consumers of orange juice
detected differences in the odour and flavour of fermented or-
ange juices without prebiotics, being preferred by 11% of con-
sumers. Therefore, more sensory tests must be done during
storage in fermented juices with and without inulin in future
studies. Nevertheless, in all the fermented juices, the sucrose
content did not change after the fermentation period and during
the 30 days of refrigerated storage, indicating that sucrose is not
metabolized by this strain of LP. However, Kun et al. [19]
found that glucose and sucrose were the main carbon and en-
ergy sources in carrot juice fermented with Bifidobacterium
strains. The knowledge on the metabolic use of the different
carbon and energy sources is interesting as it depends on the
probiotic strain and on the substrate composition.

The citric acid in all the blended carrot and orange juices
remained without significant changes (p > 0.05) (ca. 3.5 g/L)
during fermentation and storage (Fig. 2) meaning that it was
not metabolized by LP. Similar results were found in orange
juice fermented with LP NCIMB 8826 with the lactic acid
being produced after fermentation from the metabolism of
sugars, reaching values of 2.7 g/L after six weeks of storage
but where the citric acid concentrations remained unchanged
[20]. However, other authors reported that the lactic acid in
pomegranate juice after 72 h of fermentation ranged between
2 and 6 g/L for different Lactobacillus strains (L. plantarum,
L. delbrueckii, L. acidophilus and L. paracasei), the citric acid
being the main energy source for them, due to low sugar
content in pomegranate juice [21].
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Hence, inulin improved the viability of LP during the last
20 days of refrigerated storage, without showing any significant
differences (p > 0.05) between JIN1% and JIN2% (Fig. 1b, c).
After 30 days of storage, the LP population was 9.2 Log10

CFU/mL in JIN1% and JIN2% (p > 0.05) and 8.95 Log10
CFU/mL in JIN0% (Fig. 1a). Therefore, inulin represents a
carbon source available during storage for the LP strain tested
and can also protect the microorganism during refrigerated

Fig. 2 Changes in individual
acid content in blended carrot and
orange juices fermented with L.
plantarum in the presence of
different concentrations of inulin,
during refrigerated storage,
expressed as g/L of juice. Data
represent average values ±
standard deviation of three
independent samples. CJ: control
juice; JIN0%: juice without
inulin; JIN1%: juice with 1%
inulin; JIN2%: juice with 2%
inulin. * denotes significant
differences between different
juices during storage period
(p < 0.05)

Fig. 1 a Effect of different concentrations of inulin on the survival of
L. plantarum (Log10 CFU/mL) in blended carrot and orange juices during
refrigerated storage. Evolution of inulin concentrations (g/L) during
storage period: b Juices with 1% inulin (JIN1%) and c Juices with 2%

inulin (JIN2%). Data represent average values ± standard deviation of
three independent samples, JIN0%, juice without inulin; JIN1%, juice
with 1% inulin; JIN2%, juice with 2% inulin
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storage avoiding cell damage, mainly through physical immo-
bilization of the cells in the inulin structure as this polymer can
form aggregates in aqueous media [22, 23]. This protection
could be improved by the low precipitation of the semi-dilute
particles of inulin during storage, together with the sedimenta-
tion of the LP that may increase their interaction leading to a
higher protection of the microorganism [24]. Zimeri and Kokini
[25], in previous studies reported a 5% of sedimentation of
inulin in deionized water after three weeks of storage at room
temperature [25]. Valero-Cases and Frutos [11], found similar
results after 15 days of storage for the same strain of LP after
being microencapsulated with inulin as the only source of en-
ergy and reported that 2% of inulin improved the microorgan-
ism survival during 30 days of storage compared with 1% of
inulin. Paseephol and Sherkat [26] observed that yogurts with
inulin improved the viability of L. casei but did not have any
influence on the survival of L. delbruecki subsp. bulgaricus and
S. thermophilus. In milk fermented by different co-cultures of
Lactobacillus and Bifidobacterium, either in pure cultures or in
binary co-cultures with S. thermophilus or in a cocktail contain-
ing all of them an improvement after cold storage in cell viabil-
ity was observed due to the presence of inulin, depending on the
type of microorganism [27], as the ability to ferment inulin is
different for every LAB strain [28].

The microbiological analysis of moulds and yeasts showed
that they were not detected during the assay in any of the
JIN0%, JIN1% and JIN2% juices. Nevertheless, the unfer-
mented juice showed mould and yeast concentrations higher
than >3 Log10 CFU/mL after 15 days of refrigerated storage.

The higher contents of lactic acid in fermented, blended carrot
and orange juices contributed to a lower pH and to the increase
in shelf life showing a good hygienic-sanitary quality of the
samples during the 30 days of refrigerated storage.

Effect of Different Concentrations of Inulin
on the Survival of L. plantarum in Vegetable Juices
under In Vitro Digestion during Storage

The LP concentration in fermented juices after 30 days of
storage was in the range of the recommended values (106–
107 CFU/mL or gram) [1] for reaching the colon in sufficient
concentration after consumption. Therefore, it is interesting to
evaluate the effect of inulin on the survival of LP under sim-
ulated gastrointestinal digestion at different storage periods (1,
15 and 30 days) and to check the survival through LP concen-
trations observed during storage (Fig. 4).

Comparing the LP survival in JIN0%, JIN1% and JIN2%
under SGJ and SIJ on the first day (Fig. 4), the presence of
inulin did not affect the percentage of survival of LP after
120 min of incubation, presenting values of 73% of survival
in all fermented juices without significant differences
(p > 0.05). This represents a decrease of ca. 2.5 logarithmic
cycles at the end of the SGJ for this storage period in all
samples. However, after in vitro digestion at 15 and 30 days
of storage, LP showed the same resistance during SGJ, regard-
less of the presence of inulin. This effect can be due to the
preference shown by LAB for simple carbohydrates to resist
gastric digestive conditions [29, 30]. Nazzaro et al. [31] found

Fig. 3 Changes in sugar content
in blended carrot and orange
juices fermented with L.
plantarum in the presence of
different concentrations of inulin,
during refrigerated storage,
expressed as g/L of juice. Data
represent average values ±
standard deviation of three
independent samples. CJ: control
juice; JIN0%: juice without
inulin; JIN1%: juice with 1%
inulin; JIN2%: juice with 2%
inulin. * denotes significant
differences between different
juices during storage period
(p < 0.05)
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the same results for L. acidophilus after SGJ with inulin, pec-
tin and glucose. Nevertheless, during this period, at the end of
SIJ, the survival of LP was higher in the juices with inulin.
After 15 days, it was observed that the inulin after in vitro
digestion improved the survival of cells without significant
differences (p > 0.05) in the concentrations of inulin.
However, at 30 days, after in vitro digestion it was observed
that although the concentration of LP in the JIN0% was high
(6.62 Log10 CFU/mL), the addition of 1 and 2% of inulin
improved the survival of LP, reaching higher values in
JIN2% (6.95 and 7.40 Log10 CFU/mL for concentrations of
1 and 2% of inulin, respectively). The results demonstrate that
the presence of inulin could improve the survival of LP under
intestinal conditions for long periods of storage. This could be
due to the fact that the period of refrigerated storage time and
the intestinal conditions could limit the available sugars [30],
favouring the consumption of inulin by LP. The percentage of
gastrointestinal survival of LP at the end of the storage was
80% for JIN2%, 75% for JIN1% and 73% for JIN0%. The
effect of inulin on the survival of LP during in vitro digestion
was the same as the one during refrigerated storage as
discussed previously. Different food matrices supplemented
with inulin have been used in previous studies. In refrigerated
synbiotic guava mousses (4 °C) with different amounts of
inulin DP 25 (0, 1.33, 2 and 4%) combined with FOS, it has

been observed that the samples with inulin improved the sur-
vival of L. acidophilus after simulated gastrointestinal condi-
tions after 1 and 7 days of storage but not after 14 days [28].
However, in fermented soy products the supplementation with
3% of inulin with a DP 10 did not improve the survival of
L. acidophilus and B. animalis after the gastrointestinal simu-
lation in different storage periods [23]. In the present study, the
beneficial effect of inulin on LP survival during the storage
and gastrointestinal digestion is mainly observed after long
periods of storage. In all cases, there is a high amount of viable
cells after the gastrointestinal digestion (> 106 CFU/mL).

Conclusion

The present study showed that the hygienic-sanitary quality in
fermented juices was better than the control juices for long
storage periods. The fermented, blended carrot and orange juice
could be a good matrix for the delivery of L. plantarum at high
concentrations (>106 CFU/mL) in the colon. However, during
long storage periods, the fermented juices with 2% of inulin
showed the best survival of L. plantarum after in vitro diges-
tion. During storage, the inulin leads to the highest
L. plantarum survival (regardless of the concentration) and to
the highest monosaccharide content (40% higher).

Fig. 4 Effect of different concentrations of inulin on the survival of
L. plantarum (Log10 CFU/mL) in fermented carrot and orange juices
during in vitro digestion at 1, 15 and 30 days. The error bars represent
the standard deviation (n=3). Different letters above the bars denote
significant difference on L. plantarum survival between three juices for

the same step of in vitro digestion (p < 0.05). JIN0%: juice without inulin;
JIN1%: juice with 1% inulin; JIN2%: juice with 2% inulin; BD: Before
digestion (0 min); SGJ: after simulated gastric juices (60 min); SJI: after
simulated intestinal juice conditions (60 min).
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