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shalgam juice might have a potent as antioxidant, probiotic 
and antiproliferative agents.
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Introduction

More than 3500 fermented foods and beverages are pro-
duced around the world using a variety of food ingredi-
ents, manufacturing techniques and microorganisms [1, 2]. 
Dairy fermented products are common and widely avail-
able in the commercial marketplace [3]. However, con-
sumer demand for non-dairy fermented foods is increasing 
in the western world in parallel with the increase in health 
problems like lactose-intolerance or high cholesterol [1]. 
Recently, fermented fruit and vegetable products are pre-
ferred due to their bioactivity beyond their healthful profile 
of nutrients and their desirable taste and flavor [4]. Non-
dairy lactic acid fermented beverages are produced mostly 
in a traditional manner, especially in small-scale industries 
or in homes and villages in African, Asian and Middle East-
ern countries [2]. The production of lactic acid fermented 
beverages from fruits such as pomegranates, cranberries, 
pineapples, oranges, and tomatoes and vegetables, such as 
beets, cabbages, and carrots, is based on the use of bacteria 
from their natural microflora [5, 6].

Shalgam juice, a dark red, cloudy, and sour fermented 
beverage, has been a popular drink in the west and south-
east regions of Turkey, where it is mostly produced and 
consumed [7, 8]. Shalgam juice is defined by Turkish 
Standards Institution (TS) in TS 11149 standard as “The 
product produced by lactic acid fermentation of turnip 
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the commercial shalgam juice were similar to other com-
mon fruit juices. A total of 21 Lactobacillus species and 
subspecies were identified in shalgam juice using species-
specific PCR with the nucleotide sequences of some of the 
identified lactic acid bacteria. Shalgam juice inhibited the 
growth of Caco-2 cells lines in a dose-dependent manner 
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pared to black carrot (p < 0.05).These results suggest that 
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(Brassica rapa), black carrot (Daucus carota), chili pow-
der, and extract obtained from the lactic acid fermenta-
tion of bulgur flour, sourdough, drinking water, and salt, 
which can be heat treated for preservation, if desired” [9]. 
However, black carrot, bulgur flour, dough, salt, and water 
are the main ingredients of shalgam juice and turnip is a 
minor ingredient, used only when available, though it can 
provide specific sensory characteristics. The dark color of 
the beverage is derived from the black carrot anthocyanins, 
and its sour taste is attributed to lactic acid produced dur-
ing fermentation [10]. Black carrot anthocyanins and lac-
tic acid bacteria in shalgam juice are well known for their 
presumed health benefits such as reduction in the risk of 
cardiovascular disease and cancer [5, 11].

There is no regulatory or other standard method for 
commercial or home-scale production of shalgam juice. 
The fermentation is spontaneous, but addition of a starter 
culture for fermentation is also used in controlled labora-
tory-scale production but not preferred in commercial pro-
duction since shalgam juice fermentation cultures are not 
commercially available. However, the addition of 15 % 
(w/w) shalgam juice from a previous production is a com-
mon practice. In shalgam juice production, two main pro-
duction methods are used, “traditional production” and 
“direct production” [7]. Traditional production consists 
of two stages, consisting of the initial fermentation of the 
dough followed by the fermentation of the carrots. Direct 
production consists of single stage fermentation by mixing 
all ingredients. Although both methods are used in com-
mercial, small-scale, and laboratory-scale production, most 
commercially available products are produced with the tra-
ditional production technique [10, 12, 13].

There are many traditional beliefs about the therapeutic 
properties of shalgam juice. Although chemical, microbio-
logical, sensory properties and production techniques of 
shalgam juice were widely studied [7, 13, 14], the poten-
tial health effects of shalgam juice as a whole product are 
not widely known. To understand the possible beneficial 
effects and bioactive properties of commercially available 
shalgam juice, its antioxidant capacity, the spectrum of 
microorganisms associated with the natural fermentation of 
black carrot, in relation to the chemical composition, is still 
needed to be studied. Furthermore, although antiprolifera-
tive activity of plants associated anthocyanin composition 
was studied against cancer cells, the antiproliferative activ-
ity of shalgam juice as a whole beverage against cancer 
cells may power to understand the health benefits. The aim 
of this study was to characterize the chemical and micro-
biological properties and antiproliferative effects of a com-
mercially available shalgam juice on colorectal carcinoma 
(Caco-2) cell lines. The specific aims of this work were to 
investigate antioxidant and antiproliferative capacities and 
bacterial composition of shalgam juice in vitro as a basis 

for elucidating the mechanism(s) underlying its functional 
properties.

Materials and methods

Samples

Shalgam juice and black carrot were kindly provided from 
a single Turkish producer (major contributor with 99 % 
of the Turkish market) (Adana, Turkey). Different batches 
were collected at different periods over the course of three 
years. The juice of freshly squeezed black carrot was used 
as a control for the comparison of the antioxidant analysis.

Chemicals

The standards used in organic acid (l-(+)-lactic, acetic, 
citric, oxalic, succinic, l-ascorbic, propionic, malic and 
butyric acids) and sugar (d-(+)-glucose, d-(-)-fructose, 
d-(+)-sucrose and D(-)-arabinose) analyses were pur-
chased from Supelco, USA. HPLC-grade methanol, ace-
tonitrile, ethyl acetate and formic acid were from Fisher 
Scientific, USA. Potassium sulfate and phosphoric acid 
were purchased from Merck, Germany and Sigma Aldrich, 
Germany, respectively. LC MS/MS standards were from 
Extrasynthese, France. The chemicals and reagents for anti-
oxidant and total phenolic analyses (Trolox, gallic acid, 
ABTS (2,2-Azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid)), DPPH (2,2-Diphenyl-1-picrylhydrazyl), TPTZ 
(2,4,6-tris(2-pyridyl)-s-triazine and Folin–Ciocalteu were 
acquired from Sigma Aldrich Co., Germany, unless oth-
erwise indicated. The growth media for microbial count 
experiments [Man Rogosa Sharp (MRS) agar, potato dex-
trose agar (PDA), and nutrient agar (NA)] were purchased 
from Conda, Spain. Gram staining kit and glycerol used for 
cell storage were bought from Salubris, USA and Sigma, 
UK, respectively. Purelink Genomic DNA Mini Kit and 
reagents used for PCR experiments (10× Tag reaction 
buffer, MgCl2, dNTPs, Taq DNA polymerase) were from 
Fermentas and Invitrogen, USA. Phosphate-buffered saline 
(PBS) and reagents for cell culture experiments (Dulbec-
co’s Modified Eagle Medium (DMEM); with 2 mM l-glu-
tamine, fetal bovine serum (FBS), penicillin and strepto-
mycin) were purchased from Gibco, USA unless otherwise 
indicated.

Determination of chemical composition

Proximate analysis

Chemical composition of shalgam juice was determined 
according to the standards of Turkish Standards Institute (TS) 
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and compared with the TS 11149, standard for shalgam juice 
[9]. Carbohydrate content (g/L) was determined using phenol–
sulfuric acid method of DuBois et al. [15] with glucose as the 
standard. Soluble solids were determined with the refractomet-
ric method using a Bellingham Stanley, sucrose indexed refrac-
tometer (Xylem, USA) according to the standard method of 
TS 4890 and AOAC [9, 16]. The results were expressed as % 
(w/v). The percent salt (w/v) and ash content (w/v) were meas-
ured with the Mohr titration method according to TS 2664 and 
TS EN 1135, respectively [9]. The protein content (g/L) was 
determined by the Kjeldahl method using an automated system 
(Buchi, Switzerland) according to the official AOAC method 
[16] for fruit and fruit juices with some modifications. During 
the digestion, potassium sulfate (K2SO4) was used instead of 
HgO or Hg. Total acidity was determined with titration accord-
ing to the TS EN 12147 [9] and expressed as lactic acid [16], 
and the pH was measured with a pH meter (Radiometer Ana-
lytical, France) according to TS 1728 ISO 1842 [9].

Organic acids and sugars

Organic acids in the shalgam juice were quantified accord-
ing to McFeeters et al. [17] with slight modifications. 
Briefly, shalgam juice samples were centrifuged (Hettich, 
Germany) for 5 min at 10,000×g, filtered through a 20 µm 
filter (Minisart Sartorius, Germany) and diluted with Mil-
liQ water (1:4). Organic acids in the diluted juice were then 
quantified using an HPLC system (Thermo Scientific, Eng-
land) equipped with a Photodiode Array (PDA) detector 
(Thermo Scientific, England) set at 210 nm and a Hypersil 
GOLD C18 column (5 µm, 250 × 4.6 mm; Thermo Sci-
entific, England). Organic acids were eluted from the col-
umn using 0.013 mol/L phosphoric acid (pH 2.3) at 1 mL/
min flow rate. Concentration of l-(+)-lactic, acetic, citric, 
oxalic, succinic, l-ascorbic, propionic, malic and butyric 
acids in the shalgam juice was calculated based on the 
standard curves constructed using authenticated standards.

Sugars were determined using an HPLC system (Thermo 
Scientific, England) equipped with a Refractive Index 
Detector (Thermo Scientific, England) and a HyperREZ 
XP Carbohydrate Ca++ Column (8 µm, 300 × 7.7 mm; 
Thermo Scientific, England). Sugars were eluted with the 
mobile phase of 0.005 mol/L H2SO4 at 0.6 mL/min flow rate 
[18]. Column and detector temperatures were maintained at 
50 and 35 °C, respectively. Identification and quantification 
of sugars in the shalgam juice were accomplished based on 
the calibration curves of authentic standards, d-(+)-glucose, 
d-(−)-fructose, d-(+)-sucrose and d-(−)-arabinose.

Anthocyanins

Anthocyanins in the shalgam juice were determined both 
with HPLC–PDA and LC–MS/MS. The HPLC system 

was equipped with a PDA detector (Thermo Scientific, 
England) set at 520 nm and a Hypersil GOLD C18 col-
umn (5 µm, 250 × 4.6 mm; Thermo Scientific, England). 
Mobile Phase A was acetonitrile, and mobile phase B was 
4 % phosphoric acid in MilliQ water [19]. The flow rate 
was set at 1.0 mL/min with the gradient condition as fol-
lowed: 0 % A and  %100 B at 0 min, 20 % A and 80 % B 
at 20 min, 40 % A and 60 % B at 25 min, and 0 % A and 
100 % at 30 min. Since authentic standard for anthocyanins 
is not commercially available, in HPLC analysis, the peaks 
were identified using the information in literature [19–21].

In the LC–MS/MS analysis, anthocyanins in 250 µL shal-
gam juice were extracted using a 500-mg C18 Sep-Pak Vac 
10-mL mini-cartridge (Waters Corporation, USA), according 
to Brenes et al. [22]. The juice was applied to the cartridge, 
which was activated by sequential elution of 10 mL each of 
ethyl acetate, methanol, and water. After the cartridge was 
washed with 4 mL of 0.01 N HCl and 20 mL ethyl acetate, 
anthocyanins were eluted with 4 mL methanol containing 
0.1 % formic acid, dried under N2 air, and reconstituted with 
300 µL of 5 % acetonitrile in 0.1 % aqueous formic acid for 
LC–MS/MS analysis. Six anthocyanins, including cyanidin-
3-galactoside, cyanidin-3-glucoside, cyanidin-3-arabinoside, 
peonidin-3-galactoside, peonidin-3-glucoside, peonidin-
3-arabinoside, were quantified using an Agilent 1100 Series 
HPLC system (USA) and an API 3000 Triple Quadrupole 
mass spectrometer (Applied Biosystems, USA) operating in 
positive electrospray ionization (ESI) and SIM mode, accord-
ing to Milbury et al. [23]. The separation of anthocyanins was 
achieved using a linear gradient consisting of mobile phase A 
(water/formic acid, 99.9:0.1, v/v) and B (acetonitrile/formic 
acid, 99.9:0.1, v/v) at a flow rate of 300 µL/min. The gradi-
ent was set as follows: 0–20 min, 10–100 % B; 20–25 min, 
100 % B; 25–26 min, 100–10 % B, and 26–30 min, 10 % B. 
Authentic standards that were available were administered for 
the quantification of anthocyanins in shalgam juice.

Determination of antioxidant activities

Sample and standard preparation

Shalgam juice was centrifuged for 5 min at 10,000×g, 
filtered (Minisart Sartorius, Germany), and diluted using 
80 % methanol (1/10–1/200). Dilutions of Trolox standard 
(0.005–0.1 mg/mL) were prepared using 80 % methanol 
from a stock solution (1 mg/mL). Shalgam juice samples 
and Trolox standard were prepared daily and all analyses 
were run in triplicate.

ABTS radical scavenging activity

ABTS (2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid)) radical scavenging assay was performed according 
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to the method of Re et al. [24]. ABTS radical cation 
stock solution was prepared and kept for 12–16 h in the 
dark at room temperature before use. The absorbance of 
the working ABTS radical cation solution was adjusted 
to 0.70 ± 0.05 by diluting the stock solution with 80 % 
methanol. 50 μL of Trolox standard or diluted juice sam-
ple (1/10–1/200) were mixed with 250 μL of the work-
ing ABTS solution in a 96-well plate, and the absorb-
ance was monitored in a microplate reader (MultiSkan 
Go, Thermo Scientific). Slopes of the linear portions of 
the absorbance versus concentration graphs of the sam-
ple and Trolox were determined. The ABTS scavenging 
activity was calculated by dividing the slope of the sam-
ple to that of the Trolox standard (y = 16.695 + 0.0051, 
R2 = 0.995) and expressed as µmol/mL Trolox equiva-
lents (TE).

DPPH radical scavenging activity

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay was car-
ried out according to Fukumoto and Mazza [25]. Diluted 
juice samples (1/10–1/200) or Trolox standard (22 µL) 
was mixed with 200 µL of 150 µmol/L DPPH solution in 
80 % methanol. The absorbance at 515 nm was read in a 
microplate reader after 30-, 180-, and 300-min incubation 
at room temperature in the dark. The DPPH scavenging 
activity was calculated by dividing the slope of the linear 
portion of the absorbance versus concentration graph of 
the sample to that of Trolox standard (y = 5.0742–0.0006, 
R2 = 0.997) and expressed as µmol/mL TE. The time inter-
val giving the highest slope was used for the calculations 
(30 min for Trolox standard and 300 min for juice sam-
ples). Color interference of anthocyanin containing sam-
ples might occur during DPPH assay due to the absorbance 
of the colored samples at 515 nm resulting in underestima-
tion of the antioxidant activity. In this study, color inter-
ference did not appear to be a factor in the sample dilu-
tion range used as a linear decrease in absorbance values 
was observed with increasing concentration upon sample 
addition.

Ferric reducing antioxidant power (FRAP)

FRAP was measured according to Güçlü Üstündağ and 
Mazza [26]. FRAP reagent was prepared daily by mixing 
25 mL of 300 mmol/L acetate buffer at pH 3.6, 2.5 mL 
of 20 mmol/L FeCl3 and 2.5 mL of 10 mmol/L TPTZ 
(2,4,6-tris(2-pyridyl)-s-triazine in 40 mmol/L HCl. Trolox 
standard or diluted juice sample (1/10–1/200, 50 μL) were 
mixed with the FRAP reagent (250 μL) in a 96-well plate, 
and the absorbance at 593 nm was read after 4 min using 
a microplate reader. The FRAP value was determined by 
dividing the slope of the linear portion of the absorbance 

versus concentration graph of the sample to that of 
Trolox standard (y = 17.006x − 0.0049, R2 = 0.996) and 
expressed as µmol/mL TE.

Total phenolic content

Total phenolic content was determined according to 
the method of Ainsworth and Gillespie [27]. After mix-
ing 200 µL of 10 % Folin–Ciocalteu reagent with 100 µL 
diluted juice sample or gallic acid standard, 800 µL of 
700 mmol/L sodium carbonate anhydrous was added. After 
incubation at room temperature for 2 h, the absorbance at 
765 nm was read in a microplate reader. Total phenolic 
content was quantified using a gallic acid calibration curve 
(0.015–0.045 mg/mL in water, y = 3.5725x − 0.0376, 
R2 = 0.995) and expressed as µg/mL gallic acid equivalents 
(GAE).

Determination of microbiological composition 
of shalgam juice

Enumeration of microorganisms in shalgam juice

The microbial load in shalgam juice was determined using 
classical culturing techniques. Lactobacillus species were 
cultivated on MRS agar and incubated at 37 °C for 48 h in a 
5 % CO2 incubator (New Brunswick, UK). Yeast and molds 
were grown on PDA for 48 h at 25 °C. Total mesophilic 
aerobic bacteria (TMAB) count was determined by spread-
ing on NA and incubated for 24 h at 37 °C. Viable counts 
were performed and expressed in Log10 CFU/mL.

The identity of the strains was confirmed by Gram stain-
ing and with colony morphologies. Isolated colonies were 
cultured and stored in appropriate growth medium contain-
ing 30 % glycerol at −80 °C.

Identification of lactic acid bacteria (LAB) in shalgam 
juice

Bacterial DNA isolation

DNA of the microorganisms in shalgam juice was iso-
lated either directly from shalgam juice or from selected 
colonies from MRS after enumeration. For direct DNA 
isolation from shalgam juice, it was centrifuged for 5 min 
at 20,000×g (Sigma, Germany) and the pellet was sus-
pended in PBS. For DNA isolation from colonies, the 
selected colonies were suspended in PBS and then cen-
trifuged (Hettich, Germany) for 1 min at 20,000×g. The 
resulting cell pellets were obtained for DNA isolation 
using Purelink Genomic DNA Mini Kit according to man-
ufacturer’s instructions with some modifications. Addi-
tional lysozyme enzyme (20 mg/mL) was used to disrupt 
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the cell walls of Gram-positive bacteria. Tubes were incu-
bated for 30 min in a 37 °C water bath before the kit pro-
tocol was applied. The isolated DNA was quantified at 
260 nm using a spectrophotometer (Implen Nanophotom-
eter, USA) and confirmed using 1 % agarose gel electro-
phoresis (Sigma, UK).

Species‑specific PCR

Bacterial DNA samples were amplified with species-
specific primers (Invitrogen, USA) based on the 16S–23S 
regions of lactic acid bacteria found in dough and vegeta-
ble products (Table 1). The PCR mix contained 10 mmol/L 
10× Tag Reaction Buffer, 1.5 mmol/L MgCl2, 200 µmol/L 
of each dNTP, 1.75 U Taq DNA Polymerase, 10 pmol of 
each primer, and 1 µL of isolated DNA. Various PCR 
amplification protocols (Table 1) were used according to 
primers’ annealing temperatures in the PCR thermal cycler 
(Bio-Rad My Cycler, USA). PCR products were quantified 

on a 2 % agarose gel with 100–1000 bp DNA ladder (Fer-
mentas, USA).

Sequencing analysis

Amplified fragments were diluted such that the bands can 
be seen clearly (30 µL) and sequenced with the primers 
(5 pmol) used in amplification (Refgen Company, Ankara, 
Turkey). Sequence results were analyzed using Sequence 
Scanner Software v1.0 (Applied Biosystems), and each 
base sequence was compared to the rDNA sequence 
archived in the nucleotide sequence database of National 
Centre for Biotechnology Information (NCBI) using the 
basic local alignment search tool (BLAST) search program.

Measurement of inhibition of Caco‑2 cell proliferation

In vitro antiproliferative effect of shalgam juice and 
black carrot juice (freshly peeled and squeezed) was 

Table 1  Species-specific primers used in DNA amplification and PCR conditions for each species

Species Primer Sequence (5′–3′) PCR conditions References

Lb. acidophilus La1
La2

GATCGCATGATCAGCTTATA
AGTCTCTCAACTCGGCTATG

94 °C—3 min
35 cycle (94 °C—30 s, 60 °C—30 s, 72 °C—90 s)

Lb. johnsonii Lj1
La2

CACTAGACGCATGTCTAGAG
AGTCTCTCAACTCGGCTATG

Lb. delbrueckii Ld1
Ld2

ACATGAATCGCATGATTCAAG
AACTCGGCTACGCATCATTG

Furet et al. [53]

Lb. casei group Lc3
Lc4

GCGGACGGGTGAGTAACACG
GCTTACGCCATCTTTCAGCCAA

Lb. casei Lc1
Lc2

GTGCTTGCACTGAGATTCGACTTA
TGCGGTTCTTGGATCTATGCG

Lb. paracasei Lp1
Lc2

GTGCTTGCACCGAGATTCAACATG
TGCGGTTCTTGGATCTATGCG

94 °C—3 min
35 cycle (94 °C—30 s, 65 °C—30 s, 72 °C—90 s)

Lb. rhamnosus Lr1
Lc2

GTGCTTGCATCTTGATTTAATTTT
TGCGGTTCTTGGATCTATGCG

94 °C—3 min
35 cycle (94 °C—30 s, 50 °C—30 s, 72 °C—90 s)

Lb. plantarum Lfpr
PlanII

GCCGCCTAAGGTGGGACAGAT
TTACCTAACGGTAAATGCGA

92 °C—2 min
35 cycle (95 °C—30 s, 55 °C—30 s, 72 °C—30 s)
72 °C—1 minLb. gasseri GasI

GasII
GAGTGCGAGAGCACTAAAG
CTATTTCAAGTTGAGTTTCTCT

Walter et al. [56]

Lb. reuteri Lfpr
Reu

GCCGCCTAAGGTGGGACAGAT
AACACTCAAGGATTGTCTGA

Lb. fermentum Lfpr
FermII

GCCGCCTAAGGTGGGACAGAT
CTGATCGTAGATCAGTCAAG

Lb. sharpeae ShaI
ShaII

GATAATCATGTAAGAAACCGC
ATATTGTTGGTCGCGATTCG

92 °C—2 min
35 cycle (95 °C—30 s, 58 °C—30 s, 72 °C—30 s)
72 °C—1 min

Lb.brevis CTTGCACTGATTTTAACA
GCTGCGTTCTTCATCGATGC

94 °C—2 min
35 cycle (94 °C—1 min, 40 °C—1 min, 72 °C—1 min)
72 °C—10 min

Guarneri et al. [54]

Lb. bulgaricus Bulgfor
Bulgrev

TCAAAGATTCCTTCGGGATG
TACGCATCATTGCCTTGGTA

92 °C—3 min
35 cycle (95 °C—30 s, 60 °C—20 s, 72 °C—20 s)
72 °C—5 min

Tabasco et al. [55]
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defined with colorectal carcinoma (Caco-2) cells using 
MTS assay (CellTiter 96 AQueous Non-Radioactive 
Cell Proliferation Assay, Promega, USA). The assay is 
composed of a tetrazolium compound [3-(4,5-dimeth-
ylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sul-
fophenyl)-2H-tetrazolium, inner salt; MTS] and an elec-
tron coupling reagent (phenazine methosulfate; PMS). 
Caco-2 cells (Caco-2/An1) were obtained from cell cul-
ture collection of Sap Institute (HÜKÜK, Şap Enstitüsü, 
Turkey) and were grown in DMEM; with 2 mM l-glu-
tamine supplemented with 10 % (v/v) FBS; 100 units/
mL penicillin, 100 μg/mL streptomycin at 37 °C in 5 % 
CO2 incubator (New Brunswick, UK). Shalgam and 
black carrot juices were freeze-dried and suspended 
in PBS at a concentration of 6400 µg/mL. Nine dilu-
tions were prepared from each suspension with growth 
media, and 50 μL of dilutions were added to the wells 
of a 96-well plate. The plate was equilibrated at 37 °C 
with 5 % CO2 humidified atmosphere while harvesting 
the cells for assay. Cells were suspended to a final con-
centration of 1 × 105 cells/mL in growth media. 50 µL 
of cell suspension was dispensed into all wells contain-
ing juice suspensions, and plate was incubated for 48 h 
at 37 °C with 5 % CO2 humidified atmosphere. After 
incubation, 20 μL/well MTS/PMS solution was added 
to wells and plate was incubated for another 3 h. The 
absorbance at 490 nm was measured using ELISA 
plate reader (Bio-Tek, USA) to determine the amount 
of soluble formazan produced by cellular reduction of 
the MTS. Inhibition of cell proliferation was calculated 
from the absorbance of cells treated with juice samples, 
control cells incubated with only growth medium with-
out samples and blank containing only growth medium 
with juice suspension but not cells using the following 
equation:

As: sample absorbance with cells, Ab: sample absorbance 
without cells, Ac: control absorbance with cells, Abc: con-
trol absorbance without cells.

Statistical analysis

One-way analysis of variance (ANOVA) was performed to 
assess statistical significance, followed by post hoc Tukey’s 
HSD test. p value <0.05 was considered significant. For cell 
proliferation, comparison was performed by two independ-
ent test, Student’s t test for difference between shalgam and 
black carrot and one-way ANOVA followed by Dunnett’s 
test for the comparison of that of untreated cell (control) 
group. Minitab version 16 statistical software was used in 
all statistical analyses.

Cell viability % = (As− Ab)/(Ac− Abc)× 100

Results and discussion

Chemical composition of shalgam juice

The chemical composition of the commercially available 
shalgam juice was within the standard range [9] for total 
carbohydrate (0.29 g/L), soluble solid (3.4 %, w/v), salt 
(2.0 % w/v), ash content (1.86 %, w/v), pH 3.43, and total 
acidity (6.38 g/L as lactic acid) (Table 2). Soluble solids in 
the shalgam juice (carbohydrates, organic acids, protein, 
minerals and salt) were mainly derived from constituents 
in black carrot and bulgur dough, which were subject to the 
influence of quantity of black carrot (10–20 %) and the type 
of starter culture. Salt in shalgam juice was derived from 
its addition during the production to control the growth 
of microflora other than lactic acid bacteria (LAB), which 
are salt tolerant and to prevent spoilage. The ash content 
of shalgam juice was affected by minerals present in the 
water, dough and black carrots used in production [13, 28].

The proteins in shalgam juice originate from the soluble 
proteins of bulgur flour and black carrot. The protein content 
in the shalgam juice was at least 53 % larger than reported 
previously for commercially and laboratory-scale produced 
shalgam juices (0.88–1.83 g/L) [13]. This difference may be 
attributed to the cultivation method of the black carrots.

Lactic acid is the predominant acid in shalgam juice 
so that the total acidity is expressed as lactic acid. The 
total acidity found in this study is consistent with other 
reports [13, 14, 28]. Similar to shalgam juice, in lactic acid 

Table 2  Chemical composition and organic acid and sugar concen-
trations in shalgam juice

a TS 11149

Chemical composition Present study Standarda

Total carbohydrate, (g/L) 0.29 ± 0.02 –

Soluble solid, % (w/v) 3.40 ± 0.00 ≥2.50

Salt, % (w/v) 2.00 ± 0.06 ≤2.00

Ash, % (w/v) 1.86 ± 0.05 ≤2.00

Protein, (g/L) 2.80 ± 1.14 –

pH 3.43 ± 0.00 3.30–3.80

Total acidity as lactic acid, (g/L) 6.38 ± 0.11 ≥6.00

Organic acid composition

 Lactic acid, (g/L) 8.90 ± 0.59

 Acetic acid, (g/L) 1.29 ± 0.13

 Citric acid, (g/L) 1.25 ± 0.06

 Succinic acid, (g/L) 0.22 ± 0.06

Sugar composition

 Fructose, (g/L) 0.104 ± 0.001

 Sucrose, (g/L) 0.075 ± 0.05

 Glucose, (g/L) 0.041 ± 0.01
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fermented vegetable juices such as from carrots and cab-
bage, the total acidity ranged from 4.38–7.40 g/L, which 
was dependent by fermentation time [29, 30].

Determination and quantification of organic acids 
and sugars

The pH value is associated with the production of organic 
acids during the fermentation of vegetables and influences 
organoleptic properties (flavor, aroma, color) of the final 
products. We found lactic acid to be the predominant acid 
with its content as least 5.9-fold larger than acetic, citric, 
and succinic acids (Table 2). The content of the 3 minor 
organic acids was comparable to other commercial prod-
ucts, while lactic acid was 23–45 % larger [7, 13, 19]. Both 
l(+) and d(−)-lactic acid are present in shalgam juice with 
the l(+) form being predominant. Malic, propionic, and 
butyric acids were not found in shalgam juice.

Fructose was the primary sugar in the tested shalgam 
juice with its concentration being at least 39 % larger than 
sucrose and glucose (Table 2). Arabinose was not detected. 
The content of fructose and sucrose in the tested shal-
gam juice was within the range reported in the literature 
(fructose 0.006–4.0 g/L, sucrose 0.01–1.14 g/L, glucose 
0.09–1.902 g/L) [13]. Black carrots are rich in sucrose 
(4.11 g/100 g) and contain glucose (0.69 g/100 g), and 
fructose (0.58 g/100 g) in smaller quantities [31]. Because 
these sugars are utilized by LAB during fermentation, they 
are present in lower amounts in shalgam juice [13]. In con-
trast to our study, Tanguler and Erten [13] found arabinose 
(0.134–0.193 g/L) in shalgam juice.

Determination of anthocyanins using HPLC and LC/
MS analyses

The HPLC analysis tentatively identified anthocyanins, i.e., 
cyanidin-3-xylosylglucosylgalactoside (cya 3-xylglcgal), 
cyanidin-3-xylosylgalactoside (cya 3-xylgal), and cyanidin-
3-xylosylglucosylgalactoside acylated with sinapic acid, 
ferulic acid or coumaric acid, in shalgam juice based on 
their elution and 520-nm absorbance (Fig. 1a), which were 
consistent with those of Turker et al. [19, 20], Khandare 
et al. [32] and Kammerer et al. [21]. Even though the 
authenticated standard for these 5 anthocyanins is not com-
mercially available, the presence in shalgam juice remains 
to be confirmed using LC–MS/MS in scan mode. Based on 
the percentage of the area under curve (AUC) of individual 
peak to the sum of the five AUCs, we noted that cyanidin-
3-xylosylglucosylgalactoside acylated with ferulic acid 
was the predominate anthocyanin, followed by cyanidin-
3-xylosylgalactoside. The AUC percentage of cyanidin-
3-xylosylglucosylgalactoside acylated with ferulic acid was 
two third of all acylated anthocyanins, a value comparable 

to those reported in shalgam juice (73 %) [20] and in black 
carrot (55-99 %) [21]. Acylated anthocyanins in shalgam 
juice are more stable to heat, pH and other environmental 
factors because their ability to prevent nucleophilic attack 
from water [19–21] makes them more resistant to degrada-
tion compared to non-acylated ones.

Six anthocyanins including cyanidin-3-galactoside, 
cyanidin-3-glucoside, and cyanidin-3-arabinoside, and peo-
nidin-3-galactoside, peonidin-3-glucoside, and peonidin-
3-arabinoside in the shalgam juice were quantified using 
LC–MS/MS. Of the 6 anthocyanins, only cyanidin-3-ga-
lactoside, cyanidin-3-glucoside, and cyanidin-3-arabino-
side were detectable with their concentration at 233, 0.21, 
and 0.039 ng/mL, respectively (Fig. 1b). However, the 5 
anthocyanins detected in the HPLC assay were not found 
because the LC–MS/MS was set in the multiple reaction 
monitoring mode for the quantification of 6 anthocyanins. 
These cyanidin-based anthocyanins are commonly found 
in blackberries, elderberries, black carrots, sweet potatoes, 
and red cabbages [33]. Cyanidin can be glycosylated with 
glucose, xylose, galactose, and sophorose or be acylated. 
Cyanidin-3-galactose is presented in cranberry juice with 
concentrations ≥10-fold larger than in the shalgam juice 
[23].

The literature shows that total anthocyanin content in 
commercial and laboratory-scale produced shalgam juice 
ranged from 67.5 to 168.2 mg/L as cyanidin-3-glucoside 
equivalents [19, 20]. This wide range might be attributed 
to the complex interplay between microflora and (poly)phe-
nols during the fermentation [34]. Bacterial enzymes are 
capable of metabolizing (poly)phenols to phenolic acids 
and other smaller molecules. For example, Barthelmebs 
et al. [35] suggested that decarboxylase enzymes synthe-
sized by Lb. plantarum species changed the structure of 
phenolic acids. With their microbial modulating properties, 
phenolics including anthocyanins can influence fermenta-
tion by mediating viability and growth of LAB and other 
microorganisms [34]. Thus, this interplay warrants future 
examination to help inform production of a more bioactive-
rich shalgam juice.

Determination of total phenolic content and antioxidant 
activities

Total phenolic content of the shalgam juice was ≥71 % 
lower than black carrot juice (p < 0.05) (Table 3). However, 
our shalgam juice contained a similar TPC to apple (339 µg 
GAE/mL) and orange juices (755 µg GAE/mL) [36].

We employed 3 assays to assess total antioxidant capac-
ity (TAC) of the shalgam juice. Similar to the lower TPC, 
the shalgam juice displayed ≥68 % lower than fresh black 
carrot juice (Table 3). Interestingly, the magnitude of the 
difference between the 2 juices in 3 assays was ~70 % even 
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though the FRAP assay determines the reducing power of 
antioxidants and the other two assays measure the radical 
scavenging activity. The ABTS scavenging activity of the 
shalgam juice was similar to apple (3.6 µmol TE/mL) and 

orange juices (4.2 µmol TE/mL) [37]; the DPPH scaveng-
ing activity to plum juice (4.6 µmol TE/mL) [38]; and the 
FRAP value close to commercially available apple, apri-
cot, orange, and peach juices ranging from 2.0 to 2.9 µmol 

Fig. 1  a Anthocyanins in shalgam juice were profiled using HPLC–
PDA: (1) cyanidin-3-xylosyl-glucosyl-galactoside, (2) cyanidin-
3-xylosyl-galactoside, (3) cyanidin-3-xylosyl-glucosyl-galactoside 
acylated with sinapic acid, (4) cyanidin-3-xylosyl-glucosyl-galacto-
side acylated with ferulic acid and (5) cyanidin-3-xylosyl-glucosyl-

galactoside acylated with coumaric acid. Values are mean of three 
individual experiments and given as the area %. b Anthocyanin 
content in shalgam juice quantified using LC–MS/MS. Values are 
mean ± SD of three individual experiments
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TE/mL [39]. Black carrot juice had a comparable ABTS 
value to cranberry juice (10.4 µmol TE/mL) [37], DPPH to 
cherry (10.0 µmol TE/mL) and raspberry (13.4 µmol TE/
mL) [38], and FRAP to sour cherry and strawberry juices 
(4.6 and 4.1 µmol TE/mL, respectively) [39].

Total antioxidant capacity of commercial shalgam juice 
and fresh black carrot juice has not been reported, and a 
few studies have reported TAC of black carrot [40–42]. 
Kaur and Kapoor [40] observed that assessed using a 
β-carotene oxidation assay, TAC of ethanol and water 
extracts of black carrot was 73.0 and 61.8 %, respectively. 
Sun et al. [42] found that water-based extract of freeze-
dried black carrot exhibited the largest ABTS and DPPH 
scavenging activities as compared to lipophilic extract of 
colored varieties of the carrots. Importantly, the TAC of 
foods is subject to the influence of processing, e.g., enzyme 
treatment and drying method [32, 41]. For example, TPC 
and FRAP value of heated and pectinase-treated black car-
rot juices were almost 1- and 2-fold larger than the values 
found in our study. Further, such comparisons do not take 
into account factors such as cultivar, cultivation, and grow-
ing season and location.

Determination of microbiological composition 
of shalgam juice

Enumeration of microorganisms in shalgam juice

The microflora of shalgam juice is composed principally 
of LAB from beginning to the end of fermentation [7]. We 
found that the population of LAB, specifically Lactobacil‑
lus spp. was 4.09 Log CFU/mL (Table 4). Similar to previ-
ous reports where TMAB counts of shalgam juice ranged 
between 3.25 and 8.57 Log CFU/mL [13], in our study, 
total aerobic microorganisms (TMAB) count was 2.89 Log 
CFU/mL in shalgam juice. Yeasts and molds in shalgam 
juice originate from the raw materials and the environment. 
Total yeast and mold counts of shalgam juice found in our 
study were similar to the previously reported values [8, 14].

Identification of LAB in shalgam juice

Microflora profile has a great impact on flavor, aroma, 
and texture attributes of shalgam juice. The LAB in shal-
gam juice are mostly derived from bulgur dough and other 
ingredients as well as the tanks used in production [7]. We 
characterized LAB in shalgam juice using species-specific 
PCR and confirmed LAB species by comparing the ampli-
fied target DNAs with published sequences in the NCBI 
nucleotide sequence database using the BLAST search 
program (Table 5). We identified a total of 21 Lactobacil‑
lus species and subspecies in the shalgam juice. Of these 
21, Lb. plantarum subsp. plantarum, L. casei, Lb. brevis 
and Lb. helveticus were detected in the isolated colonies in 
the shalgam juice, indicating that these species were resist-
ant to the acidic condition created during the fermentation, 
and the rest of the species were identified directly from the 
shalgam juice. The species-specific PCR primers based on 
the 16S–23S rRNA intergenic spacer regions were particu-
larly valuable in the bacteria identification in the shalgam 
isolates and permitted discrimination among subspecies of 
Lb. plantarum, Lb. casei, Lb. brevis, and Lb. delbrueckii.

Lb. plantarum group including Lb. plantarum JDM1, Lb. 
plantarum subsp. plantarum, Lb. plantarum subsp. argentor‑
atensis, Lb. casei group including Lb. casei, Lb. casei subsp. 
casei, Lb. paracasei subsp. paracasei, Lb. paracasei subsp. 
tolerans and two different strains of Lb. brevis were identi-
fied both directly from shalgam juice and in the isolated 
colonies. Lb. plantarum isolated in this study displayed the 

Table 3  Total antioxidant 
capacity and total phenol 
content of shalgam and black 
carrot juices

Values are mean ± SD of three individual experiments
a Juice was obtained from freshly peeled and squeezed black carrots

Juice ABTS
(µmol TE/mL)

DPPH
(µmol TE/mL)

FRAP
(µmol TE/mL)

TPC
(µg GA/mL)

Shalgam 3.42 ± 0.09 4.44 ± 0.65 2.26 ± 0.32 517 ± 72

Black carrota 10.68 ± 0.15 15.26 ± 1.68 7.48 ± 0.54 1785 ± 64

Table 4  Microbial contents of shalgam juice

Values are mean ± SD of three individual experiments

Microorganisms Shalgam juice
(Log CFU/mL)

Lactobacillus spp. 4.09 ± 0.08

Yeasts and molds 5.05 ± 0.03

Total aerobic microorganisms 2.89 ± 0.11
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homology of Lb. plantarum isolated in kimchi and vegeta-
bles [43], and Lb. brevis and Lb. casei had the homology of 
fermented plant products [44]. Lb. plantarum and Lb. brevis 
have been reported to be the predominant LAB at the begin-
ning, middle, and end of shalgam juice produced at the labo-
ratory scale [7, 14]. In contrast, Tanguler et al. [7] did not 
detect Lb. casei and Lb. brevis in commercially available 
shalgam juice. Lb. plantarum and Lb. casei species have been 
used as starter cultures in production of fermented vegetable 
juices, such as beet, cabbage, carrot and tomato, and of dairy 
products. They are also included in probiotic products due 
to their potential health benefits [5]. Lb. sharpeae, identified 
in the shalgam juice, is also a subgroup of Lb. casei and can 
be found in meat products. However, its properties remain 
to be characterized [45]. Lb. parabrevis, identified in the 
shalgam juice, is a newly proposed taxon of Lb. brevis and 
originated mostly from sourdough fermentation, suggest-
ing that Lb. brevis in the shalgam juice is derived from the 
dough [46]. Importantly, this strain may induce spoilage in 
vegetable products [44]. Lb. helveticus, identified in the iso-
lated colonies of shalgam juice, had homology of two dif-
ferent strains of Lb. helveticus in cheese [47]. Lb. helveticus 

is closely related to L. acidophilus group. This species, an 
obligate homofermentative LAB species, is mostly found in 
dairy products and dough [48] and displays immunomodu-
latory and antimutagenic properties due to peptides released 
from milk proteins during fermentation [49].

Lb. delbrueckii group including Lb. delbrueckii subsp. 
lactis, Lb. delbrueckii subsp. delbrueckii, Lb. delbrueckii 
subsp. indicus, Lb. gasseri and Lb. acidophilus were iden-
tified directly in the shalgam juice but not in the isolated 
colonies, indicating that they were present in the beginning 
of the fermentation and disappeared in later steps, probably 
due to the reduction in pH [50]. Similarly, Tanguler and 
Erten [14] found the presence of Lb. delbrueckii subsp. del‑
brueckii in the early fermentation of commercially avail-
able shalgam juices. Lb. acidophilus and Lb. gasseri found 
in the shalgam juice had been isolated from probiotic prod-
ucts, e.g., yogurt, milk powder, and fermented vegetables 
[51]. Lb. reuteri identified in the shalgam juice had homol-
ogy with Lb. reuteri, which has drawn attention due to 
reutericyclin, an antibiotic substance produced during fer-
mentation and proven effective against some of the Gram-
negative and lactic acid bacterial species and, therefore, 

Table 5  Identification 16S 
rRNA sequences of the LAB to 
their closest relatives available 
in the NCBI nucleotide 
sequence database

Lactobacillus species GenBank accession no. of strains

Lactobacillus plantarum and subsp.

 Lb. plantarum subsp. plantarum ST-III chromosome NC_014554.1

 Lb. plantarum JDM1 NC_012984.1

 Lb. plantarum subsp. AJ965482

 Lb. plantarum subsp. argentoratensis AJ640078

Lactobacillus casei group

 Lb. casei ATCC 334 NC_008526.1

 Lb. casei D16552

 Lb. casei subsp. casei AF469172

 Lb. paracasei subsp. paracasei D79212

 Lb. paracasei subsp. tolerans AB181950

Lactobacillus sharpeae M58831

Lactobacillus brevis

 Lb. brevis ATCC 367 NC_008497.1

 Lb. brevis M58810

 Lb. parabrevis AM158249

Lactobacillus delbrueckii group

 Lactobacillus delbrueckii subsp. lactis AY050173

 Lactobacillus delbrueckii subsp. delbrueckii AY773949

 Lactobacillus delbrueckii subsp. indicus AY421720

Lactobacillus acidophilus group

 Lactobacillus acidophilus AY773947

 Lactobacillus gasseri AF519171

Lactobacillus helveticus AM113779

Lactobacillus helveticus DSM 20075 contig00259 ACLM01000202.1

Lactobacillus reuteri L23507
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proposed as a preservative in bread production [52]. Lb. 
reuteri is mostly found in the human gastrointestinal tract 
and has also been identified as a predominant LAB in sour-
dough as well as cereal products.

Inhibition of Caco‑2 cell proliferation

Phenolic contents, especially anthocyanins, are known to 
have an antiproliferative effect against colorectal carcinoma 
cells mostly due to their antioxidant capacities [11, 57, 58, 
60–62]. The beneficial mechanism(s) are generally investi-
gated by exposing cells to isolated phenolics, although the 
structure and properties of the latter can be affected by the 
complex food matrix in vivo [58]. A more reliable method 
to determine the potential antiproliferative activity of a 
product may be to investigate the effects of its phenolics as 
a whole rather than on an individual basis [58]. In the pre-
sent study, the viability of colorectal carcinoma (Caco-2) 
cells was evaluated in the presence of varying concentra-
tions of lyophilized whole shalgam or black carrot juices.

Cellular viability of shalgam-treated cells compared to 
untreated controls was observed to vary in a dose-depend-
ent manner, decreasing to 97.7 % at the lowest (50 µg/mL) 
and to 59.3 % at the highest concentration (6400 µg/mL) 
of shalgam extract (Fig. 2). Viability of Caco-2 cells in the 
presence of black carrot extract under same conditions and 
respective concentrations was 96.7 and 62.1 % (Fig. 2). 
Shalgam juice revealed significantly higher inhibition on 
Caco-2 cells compared to untreated control group at the 
concentrations 3200 and 6400 µg/mL (p < 0.05).

In a previous study, anthocyanins associated with 
black carrot juice (2000 µg/mL) were shown to display 

antiproliferative effect on HT-29 colorectal carcinoma cells 
[11], suggesting that the potential antiproliferative activity 
of shalgam juice might be associated with its black car-
rot-associated anthocyanins. Nevertheless, in the present 
study, shalgam juice exhibited statistically higher antipro-
liferative activities than black carrot juice at 3200 µg/mL 
(p = 0.029). Various mechanisms have been proposed for 
the antiproliferative bioactivity of anthocyanins, such as 
structural [59, 60] or compositional changes that may occur 
during fermentation [19, 20]. As opposed to black car-
rot juice, the organic acid concentration of shalgam juice 
increases during fermentation, and the resulting decrease 
in pH causes changes in its overall composition. Both this 
difference in the organic acid composition, as well as the 
presence of microbial species (LAB) producing the organic 
acids may account for the difference between the cytotoxic 
effect of shalgam and black carrot juices. On the one hand, 
cytotoxic effects of organic acids produced by anaerobic 
intestinal bacteria including some of the organic acids, 
such as lactic and acetic acids found in shalgam juice, were 
found to be cytotoxic and cause apoptosis in several epi-
thelial cell lines including those lining the colon [61]. On 
the other hand, Lb. casei and Lb. acidophilus strains, also 
found in shalgam juice, were shown to have antiprolifera-
tive effect on HT-29 colorectal carcinoma cells by inhibit-
ing cell growth 21–28 % when they were added to cell lines 
at the concentration of 108 CFU/mL [62]. In another study, 
when LAB were co-cultured with other probiotic cultures 
(Bifidobacterium spp.) and glucose, they reduced the pro-
liferation of colorectal carcinoma cells more [63]. Although 
shalgam juice, which contains less than 106 viable bacte-
ria, does not meet the requirements of a probiotic product, 
presence of LAB in shalgam juice may still confer some 
possible health benefits.

On the other hand, anthocyanins appear to be less potent 
inhibitors of cell proliferation compared to anthocyanidins. 
Zang et al. [64] evaluated the antiproliferative activity of 
five anthocyanidins (cyanidin, delphinidin, pelargonidin, 
petunidin, and malvidin) and four anthocyanins, (cyanidin-
3-glucoside, cyanidin-3-galactoside, delphinidin-3-galac-
toside and pelargonidin-3-galactoside) at 12.5–200 µg/mL 
concentrations against human cancer cell lines [64]. While 
the assayed anthocyanins did not inhibit proliferation of 
cell lines even at the highest concentration, anthocyanidins 
did show strong inhibitory activity. However, currently, the 
anthocyanins rich extracts from blueberry and blackcurrant 
juice showed antiproliferative effect on three tumor cell 
lines at 100 µg/mL [65].

The final product of shalgam juice has high salt con-
centration (2 %). Although salt itself is not carcinogenic 
or mutagenic, it was shown to be co-carcinogenic or co-
mutagenic when carcinogens and mutagens are present 
[66]. To observe whether salt has any effect on colorectal 

Fig. 2  Cell viability in passage 32 Caco-2 cells incubated with 
shalgam juice and black carrot. Data were expressed as mean val-
ues ± SD (n = 3). Single asterisk (*) indicates a significant differ-
ence in that tested concentration compared to respective untreated 
cell (control) group using one-way ANOVA followed by Dunnett’s 
test (p < 0.05). The symbol # depicts a significant difference between 
shalgam juice and black carrot juice at that tested concentration using 
Student’s t test (p < 0.05)
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carcinoma cells, present salt concentration was tested 
and no inhibitory activity was found (data not shown). In 
accordance with our results, co-mutagenicity of salt has 
not been observed in other fermented products such as 
kimchi, a vegetable product [66]. Sodium benzoate, on 
the other hand, is a chemical preservative used in shalgam 
juice production to inhibit the growth of yeasts and molds, 
thus to prevent the spoilage [9]. However, the concentra-
tion (0.02 %) used in shalgam juice production is under the 
maximum allowed limit of FDA regulations (0.1 %). Previ-
ous studies showed that 0.03–0.12 % of sodium benzoate 
did not have any cytotoxic or carcinogenic effects in rats 
and on human lymphocyte cells [67, 68].

Conclusion

This study characterizes the antioxidant and microbial 
composition of shalgam juice. In vitro antiproliferative 
activity of shalgam juice associated with phenolic and 
microbial composition against colon cancer cells was dem-
onstrated. Future human studies are warranted to establish 
bioavailability of (poly)phenolic compounds in shalgam 
juice and substantiate their contribution as well as that of 
the probiotic bacteria to the presumed health benefits of 
this beverage.
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