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Abstract Fermented vegetable–fruit beverages are a pop-

ular fermented food, with many potential health benefits. In

this study, two commercial Lactobacillus plantarum strains

were selected to ferment a beverage containing apples,

pears, and carrots. The metabolites and antioxidant activ-

ities were examined during the fermentation process.

Results showed that lactic acid and acetic acid accumulated

gradually, whereas malic acid decreased. Glucose and

fructose increased from 0.48 and 14.8 g/L to 7.7 and

20.8 g/L, respectively, while sucrose decreased slightly.

Ascorbic acid also increased continuously during the fer-

mentation to 90.74 mg/100 mL. DPPH and ABTS radical

scavenging activity and FRAP reached their maximum

value after 4–8 days. The accumulation of TPC, TFC, and

SOD reached their maximum value on the 8th day of fer-

mentation. Our study revealed that the L. plantarum-fer-

mented vegetable–fruit beverage showed significant

antioxidant activity, which is helpful in evaluating the

fermentation end-point and developing a high-quality fer-

mented beverage.

Keywords Lactobacillus plantarum � Vegetable–fruit

beverage � Fermentation � Metabolites � Antioxidant

activities

Introduction

Fermented beverage, a traditional fermented food, such as

yoghurt, fruit vinegar, and fruit wine, is consumed widely

throughout the world. With increasing awareness of the

relationship between diet and health, non-alcoholic bever-

ages have shown increasing popularity compared to alco-

holic beverages, and the demand for fermented beverage

products has created a need for new non-dairy substrates

for their production. Many common types of available

substrates (such as rice, emmer, vegetables, fruits, etc.)

could be used for preparation of fermented beverages

(Coda et al., 2011; Ghosh et al., 2015; Pereira et al., 2011).

For vegetables and fruits, sugars, organics, and minerals

are widely distributed and constitute the major form of

soluble solids in vegetable–fruit beverages. They can be

metabolized to other compounds by bacteria during the

fermentation process for quality enrichment, and the final

fermented beverage is beneficial for health. Therefore,

vegetable–fruit beverages not only are characterized by a

pleasant aroma and taste but show many health-promoting

benefits, such as free radical scavenging activities and

improvement of gastrointestinal health (Marsh et al., 2014;

Somanah et al., 2014). These advantages may be due to

raw material and metabolites of lactic acid bacteria, such as

vitamins, organic acids, and phenolics (Ghosh et al., 2015).

Lactobacillus plantarum is frequently used for veg-

etable and fruit fermentation (Chang and Chang, 2010;

Simsek et al., 2014). Some selected L. plantarum strains

are also used to develop functional beverages (Connelly,

2008; Salmerón et al., 2015). Previous studies on fer-

mented beverages were mainly focused on optimization of

the fermentation process (strains, matrix ratios, and tem-

perature) (Pereira et al., 2011; Prado et al., 2015; Vana-

jakshi et al., 2015) and analysis of functional activities
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(Chang and Chang, 2010; Simsek et al., 2014). However,

only a few studies have been reported the metabolism of

the starter culture or performed physicochemical charac-

terization of the products during fermentation (Ðord̄ević

et al., 2010; Filannino et al., 2014; Ghosh et al., 2015). The

physicochemical characteristics of vegetable–fruit bever-

ages during the fermentation process remain unclear. Fur-

thermore, analysis of the metabolic characteristics of L.

plantarum strains in the long-term fermentation of different

fruit and vegetable mixtures has not been studied.

In this study, we decided to use apples, pears, and car-

rots as they are common fruits and vegetable, which could

be obtained easily and have abundant nutrients. Several

previous studies showed that they are suitable material for

fermented beverages. Apple juice was shown to be the best

substrate for lactic acid bacteria growth, considering bac-

terial viability and overall acceptance by the test (Espirito-

Santo et al., 2015). Di Cagno et al. (2008) investigated

carrots, French beans and marrows fermented by lactic acid

bacteria and found that the fermented material had a sig-

nificantly higher total concentration of vitamin C.

Therefore, the purpose of this study was to explore the

fermentation characteristics of beverages containing a

mixture of apples, pears, and carrots fermented by two

commercial L. plantarum strains. The metabolites and

physicochemical characteristics as well as antioxidant

activity were examined during the fermentation process.

Altogether, this study improves our knowledge of the fer-

mentation process of vegetable–fruit-fermented beverages

from the perspective of the substrates and metabolism.

Materials and methods

Raw materials

Apples, pears, carrots, and sugar were purchased from a

local supermarket in Shanghai, China.

Bacterial cultures

In this study, we selected freeze-dried commercial cultures

of L. plantarum 115 (Du Pont, USA) and L. plantarum

Vege Start 60 (Chr. Hansen, Denmark) for the fermentation

of vegetable–fruit beverages. Strains were activated in

MRS (de Man, Rogosa, and Sharpe) broth at 35 �C,

100 rpm for 12 h.

Preparation of the fermented beverage

The raw materials were washed, drained and cut into small

pieces, then crushed with 20% (m/v) sugar solution (1:2,

v/v). In order to ensure the consistency of the raw

materials, we bought the same varieties of vegetable/fruit

each time, and prepared the raw materials in strict accor-

dance with the fixed proportion. The compositions of

vegetable fruit beverages were shown in Table 1. The

mixture was pasteurized at 65 �C for 30 min and then

cooled to 35–40 �C for inoculation of the starter cultures.

The mixture was fermented at 35 �C for 14 days.

Microbial growth during the fermentation

Colony-counting method was used to determine the growth

of the microbial (lactic acid bacteria) during the fermen-

tation process. Briefly, samples of fermented vegetable–

fruit beverage were withdrawn at various time intervals,

and then immediately for the microbial cultivation. In a

series of dilution, samples were inoculated onto MRS ager-

plate medium by spread plate method. After inoculation,

the plates were inverted and incubated at 37 �C for 72 h in

an anaerobic incubator. The colony counts were then cal-

culated and results were presented as log10-transformed

data. The colonies with a surrounding clear zone were

counted as total lactic acid bacteria, and the average from

the three plates recorded for each serial dilution.

pH, total titratable acidity (TTA) and acidification

kinetics

pH values were determined using a pH meter (FE20,

Mettler Toledo, Switzerland). TTA was determined by

homogenizing the sample (5 mL) with 40 mL of distilled

water and then titrated with 0.1 M NaOH using phe-

nolphthalein (0.1%, w/v in 95% ethanol) as an indicator.

TTA was defined as the amount of lactic acid (g) per

100 mL of fermented sample. The acidification kinetics

Table 1 The compositions of vegetable fruit beverages

Item Concentration

PH 3.56

TTA 1.03 g/100 ml

Lactic acid 3.28 g/L

Acetic acid 0.11 g/L

Malic acid 0.02 g/L

Fructose 14.8 g/L

Glucose 20.8 g/L

Sucrose 142.0 g/L

Riboflavin 1.18 mg/100 mL.

Ascorbic acid 90.74 mg/100 mL

SOD activity 311.4 U/mL

TPC 102.1 mg/L

TFC 63.5 mg/L
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was modeled according to the Gompertz equation as

modified by Zwietering et al. (1990):

y ¼ k þ A expf� exp½ðVmaxe=AÞðk� tÞ þ 1�g

where y is the acidification value expressed as dpH/dt

(units of pH/h) at time t; k is the initial level of the

dependent variable to be modeled (pH units); A is the

difference in pH (units) between inoculation and the sta-

tionary phase (DpH); Vmax is the maximum acidification

rate expressed as dpH/h; k is the length of the lag phase

expressed in hours; and t is the time.

Quantification of sugars and organic acids by HPLC

The concentration of sugars (sucrose, glucose, and fruc-

tose) and organic acids (lactic, acetic, acetic acid, and

malic acid) was determined using high performance liquid

chromatography (HPLC, LC-10A, Shimadzu). An ultravi-

olet (UV) detector and a refractive index detector (RID)

were used for determining the levels of organic acids and

sugars, respectively. Lactic acid, acetic acid, and malic

acid were determined as previously described (Molina

et al., 2009). Briefly, organic acids were measured at a UV

wavelength of 210 nm, with a C18 column

(250 9 4.6 mm, Wondasic, Japan). The column was

operated at 25 �C using 0.1% (v/v) phosphoric acid as the

mobile phase at a flow of 1.0 mL/min. For sugars, a C-NH2

column (NH2P-50, Shodex, Japan) was equipped with the

HPLC system and the mobile phase was acetonitrile and

water (70:30). The temperature was kept at 30 �C and a

constant flow rate of 1.0 mL/min was maintained (Ghosh

et al., 2015). Sample (20 lL) was injected into the chro-

matograph. Sugars and organic acids were identified and

quantified by comparison of their retention times and peak

areas to that of the standards.

Determination of vitamin levels

Hydro-soluble vitamins were analyzed by HPLC (Agilent,

1200LC, USA) as described (Ghosh et al., 2015). A C18

column (250 9 4.6 mm, Wondasic, Japan) was used, and

the mobile phase was 0.02 M KH2PO4 (pH 2.5) and ace-

tonitrile (A). The acetonitrile concentration was 0.6%, and

stop time was 20 min. The temperature was kept at 15 �C
and a constant flow rate of 1.0 mL/min was maintained.

Sample (20 lL) was injected into the chromatograph and

measured at a UV wavelength of 204 nm.

Superoxide dismutase activity assay

The determination of superoxide dismutase (SOD) activity

was carried out in triplicate during fermentation. The

superoxide anion scavenging activity of the fermented

beverage was determined by the xanthine oxidase method,

using the T-SOD assay kit (Jiancheng, Nanjing, China).

This method is based on the xanthine and xanthine oxidase

reaction system to produce super oxygen-anion free radi-

cals. The super oxygen-anion free radicals can oxidize

hydroxylamine to produce nitrile, resulting in the produc-

tion of a purple product in the presence of the chromogenic

agent, which can be measured at 550 nm using a spec-

trometer (UV-2000, Unico, China). Antioxidant enzymes

such as SOD specifically inhibit the superoxide radical and

reduce nitrite production. SOD activity in the fermented

vegetable–fruit beverage was calculated using a formula as

equivalents of SOD U/mL.

Determination of total phenolics and flavonoids

The Folin–Ciocalteu method was used to determine the

total phenolic content (TPC) with slight modifications

(Abirami et al., 2014). Sample (0.1 mL) and 0.1 mL dis-

tilled water were added to 1.0 mL Folin–Ciocalteu reagent.

After 5 min, a 3.0 mL solution of Na2CO3 (7.5%, w/v) was

added and the mixture was allowed to incubate for 30 min

at 25 �C. Absorbance was measured at 760 nm using a

spectrometer. A standard solution of gallic acid (ranging

from 0 to 300 mg/L) was used to prepare a calibration

curve. TPC was defined as the amount of gallic acid (mg)

per L fermented sample.

Aluminum chloride colorimetric method was used for

determining the total flavonoid content (TFC) with some

modifications (Abirami et al., 2014). Sample (0.5 mL) and

0.5 mL distilled water were combined and then 0.3 mL

sodium nitrite (5%, m/v) was added. After 6 min, 0.3 mL

of aluminum chloride (7.5%, w/v) solution was added and

the mixture was incubated for 6 min at ambient tempera-

ture. Next, 2.0 mL sodium hydroxide (4%, w/v) was added

to stop the reaction. Absorbance was measured at 510 nm

using a spectrometer (UV-2000, Unico, China). A standard

solution of rutin (ranging from 0 to 100 mg/L) was used to

prepare a calibration curve. TFC was defined as the amount

of rutin (mg) per L fermented sample.

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH)

scavenging activity

The insoluble debris of fermented beverage sample was

removed by centrifugation at 10,0009g for 5 min, and the

undiluted supernatant (200 lL each) was added to 1.8 ml

of 0.1 mM DPPH and mixed vigorously. The mixture was

shaken and then incubated for 30 min in the dark; the

absorbance was measured at 515 nm using a spectropho-

tometer (UV-2000, Unico, China) (Brand-Williams et al.,

1995). The absorbance of the control was obtained by
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replacing the sample with ethanol. The radical scavenging

activity was determined using the following equation:

Scavenging activity ð%Þ ¼ ðAcontrol � AsampleÞ=Acontrol

� 100

here Asample is the absorbance of the sample and Acontrol is

the absorbance of the control containing all of the reaction

reagents except the sample.

ABTS radical scavenging activity

Determination of ABTS radical scavenging activity was

carried out as described (Sogi et al., 2013) with some

modifications. ABTS stock solution was dissolved in

sodium acetate-acetic acid buffer (20 mM, pH 4.5) to make

a 7 mM ABTS stock solution. ABTS solution (7 mM) and

potassium persulfate (2.45 mM) were mixed 1:1 (v/v) and

incubated in the dark for 12–16 h to produce ABTS?

working solution. This solution was further diluted with

80% methanol to reach an absorbance of 0.70 ± 0.02 at

734 nm. The insoluble debris of fermented beverage

sample was removed by centrifugation at 10,0009g for

5 min, and the undiluted supernatant (0.1 mL) was added

to 3.9 ml ABTS? working solution and mixed. The

absorbance of mixture was measured at 734 nm after a

30 min incubation in the dark. A standard curve was pre-

pared using the Trolox solution. The ABTS radical scav-

enging activity was defined as the amount of Trolox

(mmol) per L fermented sample.

Ferric reducing antioxidant power assays

The ferric reducing antioxidant power (FRAP) assay

measures the reduction of ferric iron to the ferrous form in

the presence of antioxidant compounds by a previously

described method (Suárez et al., 2010) with slight modifi-

cations. The working FRAP reagent was freshly prepared

by mixing 5.0 mL of TPTZ (10 mM in 40 mM

hydrochloric acid), 5.0 mL of ferric chloride (20 mM), and

50 mL of sodium acetate buffer (300 mM, pH 3.6). The

insoluble debris of fermented beverage sample was

removed by centrifugation at 10,0009g for 5 min, and the

undiluted supernatant was used to measure. The FRAP

reagent (3.6 mL) was first maintained at 37 �C and then

mixed with 0.4 mL of each supernatant sample and mixed

vigorously. The reaction mixture was incubated at 37 �C
for 4 min and then the absorbance was measured at

593 nm. Trolox was used as the standard solution. The

FRAP was defined as the amount of Trolox (mmol) per L

fermented sample.

Statistical analysis

All analyses were performed in triplicate. Data are

expressed as mean ± standard deviation (SD). Statistical

analysis was done using SPSS 22 software (SAS Institute

Inc., USA). The significance of difference was tested by

one-way ANOVA. Post comparisons were performed by

Fisher’s least significant difference (LSD) and Duncan’s

multiple range test. Results with p\ 0.05 were considered

to be statistically significant.

Results and discussion

The growth of the microbial, pH, TTA,

and acidification kinetics

During the fermentation, the growth of the microbial can

give important information for the properties of fermented

vegetable–fruit beverage. The change of the amount of

microbial (lactic acid bacteria) are shown in Fig. 1(A). The

amount of lactic acid bacteria in the vegetable–fruit bev-

erage increased rapidly during the first 24 h, which accord

with the normal microbial growth curve. The amount of

lactic acid bacteria declined slightly after the first 24 h, and

then reached stable stage at 2 days to 11 days. The accu-

mulation of substantial lactic acid and other metabolite

inhibited the further burst of growth of lactic acid bacteria

after the first 24 h.

The pH and TTA dynamics of fermented samples were

examined and are shown in Fig. 1(B). The pH values

decreased from 6.75 (initial) to 3.56 (14th day). The initial

TTA value was 0.05 g/100 mL and increased to 1.03 g/

100 mL on the 14th day of fermentation [Fig. 1(B)]. The

highest value of DpH (3.18) and Vmax (0.08 dpH/h)

occurred on the 14th day and 1st day, respectively

(Table 2). Similar increases were found when rice-based

beverage was fermented (Ghosh et al., 2015). The changes

in pH and TTA may be due to the increased concentration

of organic acids produced form the lactic acid bacteria

fermentation process, especially the production of lactic

acid.

Examination of organic acid and sugar levels

during fermentation

Changes in organic acid levels during fermentation are

shown in Fig. 2(A). The concentration of malic acid in the

vegetable–fruit beverage changed significantly during the

fermentation process. It increased from 0.28 to 0.52 g/L

during the initial stage and then almost disappeared by the

end of fermentation, which could be attributed to malo-

lactic fermentation given that L. plantarum can transform

1722 X. Yang et al.
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malic acid to lactic acid (Vegara et al., 2014). The con-

centration of lactic acid and acetic acid increased along

with the fermentation time and the highest values (3.28 and

0.11 g/L, respectively) were found on the 14th day

[Fig. 2(A)]. Lactic acid was the major fermentation end

product as the malolactic fermentation, which was con-

sistent with a previous report (Vegara et al., 2014). Acetic

acid was produced by L. plantarum as a secondary

metabolite through the pentose phosphate pathway and

showed the same trend as lactic acid.

There were many carbohydrates compositions (glycan,

oligosaccharide and monosaccharide) in the vegetable/fruit

substrates. They all appropriate carbon source for L.

plantarum. However, glycan and oligosaccharide often

firstly hydrolyzed by enzymes secreted by L. plantarum

and then utilized by L. plantarum. Therefore we only

choose sucrose, glucose and fructose for the detection in

the fermentation. Changes in the levels of sucrose, fructose

and glucose during fermentation were shown in Fig. 2(B).

The sucrose content of the fermented beverage was 153 g/

L on the 1st day and showed a slight reduction to 142 g/L

on the 14th day. A previous study showed that sucrose

could be better utilized by lactic acid bacteria than fructose

or glucose, consistent with their rapid growth by consum-

ing sucrose during the early stage of fermentation (Cho

et al., 2006). Xiong et al. (2014) also reported that sucrose

was utilized throughout sauerkraut fermentation. Fructose

Fig. 1 The amount of microbial

(lactic acid bacteria) (A), pH

and total titratable acidity

(B) during fermentation of the

vegetable–fruit beverage. The

average from the three plates

recorded for each serial dilution.

Results represent the means of

three independent trials (n = 3).

Error bars represent standard

deviation values

Table 2 Acidification kinetics of L. plantarum 115 and L. plantarum

vege start 60 during fermentation

Fermentation time (day) Acidification kinetics

DpH (pH units) Vmax (dpH/h)

0 0 0

1 2.01 ± 0.12 0.08 ± 0.01

2 2.66 ± 0.10 0.06 ± 0.01

3 2.84 ± 0.08 0.04 ± 0.01

4 2.91 ± 0.16 0.03 ± 0.01

5 2.99 ± 0.10 0.03 ± 0.01

8 3.07 ± 0.08 0.02 ± 0.01

11 3.12 ± 0.20 0.01 ± 0.01

14 3.18 ± 0.12 0.01 ± 0.01

Values are mean ± standard deviation (SD). Results are means of

three independent trials (n = 3)
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Fig. 2 Changes of organic acid and sugar levels during fermentation

of the vegetable–fruit beverage. (A) Represents lactic acid, acetic

acid, and malic acid. (B) Represents sucrose, fructose, glucose.

Results are the means of three independent trials (n = 3). Error bars

represent standard deviation values
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and glucose increased from 0.48 and 14.8 g/L to 7.7 and

20.8 g/L, respectively. Sucrose was rich in fruits and

vegetables material. During the fermentation, sucrose was

gradually degraded into glucose and fructose. In the

meantime, fructose and glucose can be consumed as the

carbon source for L. plantarum (Siragusa et al., 2014).

However, the speed of sucrose decomposition was higher

than consumption by L. plantarum in the formation. Thus

fructose and glucose increased during entire fermentation

process of this vegetable–fruit beverage.

Determination of vitamin content

The ascorbic acid and riboflavin content of the fermented

samples are shown in Fig. 3(A). The riboflavin and

ascorbic acid content of the fermented material were higher

than that of the raw material. Riboflavin increased during

the entire fermentation process, with a final concentration

of 1.18 mg/100 mL. On the other hand, ascorbic acid

content increased gradually during fermentation and the

final concentration was 90.74 mg/100 mL, whereas little

ascorbic acid was detected in the unfermented sample.

Ghosh et al. showed that the highest amounts of ascorbic

acid occurring in a rice-based fermented beverage was

500.25 lg/100 mL; however, riboflavin levels decreased

during the fermentation process (Ghosh et al., 2015).

Notably, ascorbic acid levels were very low in the unfer-

mented material after pasteurization [Fig. 3(A)]. The total

amount of ascorbic acid in the raw materials (apple, pear,

carrot) is about 15 mg/100 g FW (Cotrut and Badulescu,

2016). Thus, ascorbic acid and riboflavin mainly result

from the L. plantarum strains during the fermentation

process.

DPPH/ABTS free radical scavenging ability

and FRAP

DPPH/ABTS radical scavenging activities and FRAP have

been widely used for representing the total antioxidant

activities of foods. The antioxidant activities of the veg-

etable–fruit fermented beverage are shown in Fig. 3(B).

The DPPH free radical scavenging activity increased dur-

ing the first 8 days and then decreased until the 14th day.

The maximum value of DPPH free radical scavenging

activity (58.7%) was found on the 8th day. The trend in

ABTS radical scavenging activity was characterized by an

increase for the first 8 days and then a decrease during the

fermentation period. It reached its highest value

(0.571 mmol Trolox/L) on the 8th day. The FRAP values

increased for the first 5 days and then decreased during the

remaining fermentation period. The maximum FRAP value

(0.481 mmol Trolox/L) was found on the 5th day

[Fig. 3(B)]. Therefore, the three antioxidant activities

showed a similar trend during the entire fermentation

period.

Hur et al. (2014) reported that increased antioxidant

activity in fermented foods was due to the accumulation of

antioxidant compounds, including phenolic compounds,

flavonoids, and SOD. Torres et al. (2015) also found that

the high phenolic and flavonoid content in the fruit extract

were directly related to the antioxidant activity. In addition,

some lactic acid bacteria have the ability to produce SOD,

which increases the antioxidant activity in the fermented

system. The two Lactobacillus fermentum strains provided

significant antioxidant activity in the intestinal microbial

ecosystem via the production of SOD (Kullisaar et al.,

2002). Therefore, the fermented beverage showed signifi-

cant antioxidant activities, which indicates its potential as

health-promoting drink for daily use and suggests that it

should be developed.

Fig. 3 Changes in the levels of ascorbic acid and riboflavin during

fermentation of the vegetable–fruit beverage (A). Changes in

antioxidant activity during fermentation of the vegetable–fruit

beverage (B) including DPPH free radical scavenging activity

(square), ABTS free radical scavenging activity (circle), and ferric

reducing antioxidant power (inverted triangle). Results are the means

of three independent trials (n = 3). Error bars represent standard

deviation values
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Antioxidants (SOD, TPC and TFC)

SOD is one of the most important antioxidant enzymes,

which can remove reactive oxygen effectively in catalyst

systems. Some lactic acid bacteria have the ability to

produce SOD to increase antioxidant activity in fermented

systems. However, to date, there are few studies examining

SOD production by L. plantarum during the preparation of

fermented beverages. The SOD activity in the vegetable–

fruit fermented beverage is shown in Fig. 4. The unfer-

mented materials showed nearly no SOD activity after

pasteurization. SOD activity then increased significantly

along with the fermentation period up to the 8th day where

the maximum activity (357 U/mL) was obtained and

decreased after 8 days of fermentation and remained con-

stant thereafter. The increase in SOD activity is consistent

with the reported trend in apple juice fermentation using

commercial lactic acid bacteria strains (Espirito-Santo

et al., 2015). The increasing SOD activity during fermen-

tation may be due to the growth of the L. plantarum strains.

SOD is an intracellular enzyme and can be released by cell

lysis of microorganisms. The SOD activity was found to be

strongly correlated with the amount of bacteria (r = 0.624,

p\ 0.001) in apple juice fermentation (Espirito-Santo

et al., 2015). The reduction of SOD activity may be due to

the instability of SOD at the temperatures used for fer-

mentation and inactivation by chemical compounds present

in the beverage and/or produced by the lactobacilli as a

reaction to the acidic, stressful environment (Welman and

Maddox, 2003). The general trend observed for SOD is

consistent with the trend of DPPH and ABTS radical

scavenging ability.

Changes in the levels of TPC and TFC are shown in

Fig. 4. The total phenolic concentration in the vegetable–

fruit beverage was 96.8 mg/L prior to fermentation. It

increased during the first 8 days of fermentation and then

decreased in conjunction with the fermentation period. The

maximum content (121 mg/L) was found on the 8th day,

which was 1.25-fold higher than that of the unfermented

material. A previous study also showed that plant parts

show an increase in the total phenolic content after fer-

mentation, and it may explain the observed increase in

antioxidant activity (Ng et al., 2011). It was also suggested

that microbial transformation and depolymerization of

compounds might explain the increase of total phenolic

content that occurs during fermentation (Chu and Chen,

2006). During fermentation, a certain concentration of

phenols can result in bacteriostasis, and lactic acid bacteria

will degrade phenols to keep growing. This action may

result in a decrease in the total phenolic content (Rodriguez

et al., 2009).

TFC showed a similar trend as TPC. It increased up to

the 8th day and then decreased along with the fermentation

period. The maximum value of TFC was 75.2 mg/L,

whereas the TFC level of the unfermented sample was

65.7 mg/L. Xiao et al. (2015) reported that L. plantarum

could significantly increase the total flavonoid content

during soybean whey fermentation. Previous studies

reported that lactic acid bacteria could produce enzymes

and acids that can facilitate the release of flavonoids from

their complex form (Katina et al., 2007). Therefore, fer-

mentation can improve the content of flavonoids from

vegetable–fruit fermented beverages. These findings may

help to improve development of a high-quality fermented

beverage.

In this study, we explored the substrate utilization and

metabolic products of two L. plantarum strains as well as

the antioxidant activity of a fermented vegetable–fruit

beverage during the fermentation process. Which indicated

that the selected L. plantarum strains can be successfully

used for the formulation of vegetable–fruit beverages.

Furthermore, the fermented beverage showed its potential

as health-promoting drink for daily use and suggests that it

should be developed.
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