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ARTICLE INFO ABSTRACT

Keywords: Diabetes is becoming a global pandemic and therefore calls for diverse therapeutic strategies for mitigating the
Antidiabetic functional food disease. In this study, lactic acid bacteria isolated from Lithuanian traditional fermented foods were screened for
Fermentation

B-Glucosidase activity and were used to ferment beetroot to develop an antidiabetic product. After fermentation,
LAB PN39MY (also referred to as PN39) fermented samples demonstrated the strongest DPP-IV and a-Glucosi-
dase inhibitory abilities of 50.0 + 3.5% and 80.5 + 5% respectively as well as the highest antioxidant capacity of
0.69 + 0.04 mmol/L relative to all the other samples. Varying the fermentation conditions revealed that fer-
menting beetroot with PN39 at 45 °C for 72 h yielded the strongest DPP-IV and a-Glucosidase inhibition of
87.45% and 80.5 + 5.3% respectively and increased the antioxidant capacity to 1.46 + 0.01 mmol/L. Whole
genome sequencing analysis of PN39 revealed the strain to be Latilactobacillus curvatus. HPLC-MS analysis of
PN39 fermented samples showed that the fermentation process generated high levels of dihydromyricetin (an
antidiabetic flavonoid) which was absent in unfermented beetroot. Results from this study indicate that fer-
menting beetroot with Latilactobacillus curvatus PN39 at 45 °C for 72 h would be an effective method for

Bioactive compounds
Glucose homeostasis

developing antidiabetic functional foods.

1. Introduction

Type 2 diabetes mellitus (T2D) is a chronic metabolic disease char-
acterized by hyperglycemia which results in damaged pancreatic beta
cells and insulin resistance (Bellary, Kyrou, Brown, & Bailey, 2021). The
increasing burden of T2D is of great concern to global health care sys-
tems as about 8% of the world’s population are affected by the disease
(Khan et al., 2020). Prolonged exposure to high blood glucose levels has
been associated with the overproduction of reactive oxygen species
(ROS) which induce oxidative stress, a major player in T2D patho-
physiology (Bhatti et al., 2022). In fact, hyperglycemia-induced ROS
contributes to diabetes complications such as nephropathy (Chun &
Park, 2020), cardiovascular events as well as micro- and macrovascular
diseases (Mannucci, Monami, Lamanna, & Adalsteinsson, 2012). Also,
T2D leads to an increased production of dipeptidyl peptidase-IV
(DPP-1V) which inhibits the body’s incretin system responsible for
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maintaining glucose homeostasis (Kasina & Baradhi, 2022). Glycemic
control is therefore an important therapeutic strategy for T2D man-
agement. In the gut, pancreatic a-Amylase and intestinal a-Glucosidase
hydrolyze dietary carbohydrate to release glucose. For this reason,
retarding the release of dietary glucose by inhibiting the activities of
these enzymes has become an effective therapeutic strategy for con-
trolling postprandial hyperglycemia (DiNicolantonio, Bhutani, &
O’Keefe, 2015). Yet, existing pharmacological therapeutics that inhibit
carbohydrate-digesting enzymes can have many side effects including
gastrointestinal discomfort, liver disorders and nausea (DiNicolantonio
etal., 2015). However, the prevalence of diabetes, coupled with the side
effects of existing antidiabetic drugs have necessitated the search and
development of safe non-pharmacological therapeutics for the man-
agement of the disease. Meanwhile, there is increasing evidence that
natural compounds such as carotenoids, anthocyanins and betalains
found in vegetables such as red beetroot have potential antioxidant and
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glycemic control effects (Azizah, Emelda, Asmaliani, Ahmad, & Faw-
waz, 2022; Li et al., 2022; Tian et al., 2021).

Fermented red beetroot (Beta vulgaris L.) is a popular part of tradi-
tional Lithuanian delicacies such as Saltibars¢iai and pickled beetroot.
The vegetable is rich in betalains, which are known for their anti-
inflammatory, antioxidant and antidiabetic effects in both animal
(Olasehinde, Oyeleye, Ibeji, & Oboh, 2022) and human studies (Aliah-
madi et al., 2021; Karimzadeh, Behouz, Sohab, Hedayati, & Emami,
2022). Most in vitro (Oboh, Obayiuwana, Aihie, Iyayi, & Udoh, 2020)
and in vivo studies regarding the antidiabetic abilities of beetroot have
focused on fresh beetroot (Aliahmadi et al., 2021; Karimzadeh et al.,
2022; Olasehinde et al., 2022) but little is known about the antidiabetic
potentials of fermented beetroot. Meanwhile, several studies have
shown that fermentation with lactic acid bacteria can activate, trans-
form and improve the availability of bioactive compounds to augment
their health promoting effects (Michlmayr & Kneifel, 2014; Rodriguez
et al., 2021; Zhao et al., 2021). In fact, some studies have shown that
fermentation may liberate bound bioactive beetroot dyes during
fermentation and this may account for the high pigment compounds in
fermented beetroot relative to unfermented samples (Jan-
iszewska-Turak et al., 2022; Czyzowska, Klewicka, & Libudzisz, 2006).
Interestingly, lactic acid bacteria with active p-Glucosidase can hydro-
lyze B-p-glucosyl residues of betanin (the main red-violet component in
beetroot) to yield aglycones such as betanidin and isobetanidin (Czy-
zowska et al., 2006) which demonstrate improved biological activities
than their parent compound (Wybraniec et al., 2011). Most of the me-
tabolites generated after the fermentation process are usually readily
absorbed though the gut epithelium via passive diffusion (Xiao &
nutrition, 2017) thereby increasing their bioavailability. For this reason,
identifying specific lactic acid bacteria that can improve the antidiabetic
potentials of beetroot could be a better strategy for developing func-
tional foods with reproducible health effects relative to uncontrolled
spontaneous fermentation. In this study, we isolated lactic acid bacteria
from Lithuanian traditional fermented tomatoes, orange, pear and
pickles for the purpose of developing a beetroot product with strong
antidiabetic potentials. The bacteria were screened based on their ability
to survive in beetroot juice, their f-Glucosidase activities and the ability
of their fermented products to demonstrate antidiabetic potentials
(a-Glucosidase, a-Amylase, DPP-IV inhibition and antioxidant activ-
ities). The bacterium whose fermented product demonstrated the
strongest antidiabetic potentials was identified by whole genome
sequencing and the metabolites in the sample were assessed by liquid
chomatography-mass spectrometry (HPLC-MS). Results from this study
would give insights into how novel strains such as Latilactobacillus cur-
vatus PN39 isolated from traditional fermented foods could be useful for
developing antidiabetic functional foods.

2. Materials and methods
2.1. Chemicals and reagents

Unless specified, all the media and reagents were purchased from
Sigma-Aldrich Sp. z o.0. (Poznan, Poland). B-Glucosidase assay Kit,
a-Glucosidase, a-Amylase and DPP-IV inhibitor screening kits were
purchased from Abcam (Cambridge, UK). Total antioxidant capacity
assay kit was purchased from Sigma-Aldrich Sp. z 0.0. (Poznan, Poland).

2.2. Materials and bacteria isolation

Red beetroot (Beta vulgaris L.), locally fermented tomatoes, sauer-
kraut and pickles were bought from Kalvariju market (Kalvarijy turgus,
Vilnius- Lithuania). All the samples were placed on ice and transported
to the laboratory. For lactic acid bacterial isolation, 100 pL of the liquid
in each fermented sample was spread on De Man, Rogosa and Sharpe
(MRS) agar and incubated aerobically at 37 °C for 48 h. Bacteria col-
onies were separated based on their morphological differences and
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single colonies were inoculated in MRS broth and incubated at 37 °C for
48 h under aerobic conditions. An aliquot (100 pL) of the overnight
cultures was spread on MRS agar and incubated at 37 °C for 48 h under
aerobic conditions. Pure isolates were identified by microscopic and
phenotypic tests. The bacteria strains were tested for their ability to
grow in the presence of beetroot juice using the agar well diffusion test.
In all, 22 isolates were resistant to beetroot juice. These strains were
selected and stock cultures were prepared in MRS broth containing 20%
glycerol (v/v). The bacteria stocks were maintained at —80 °C.

2.3. Selection of lactic acid bacteria based on their -Glucosidase
activities

Frozen bacteria cultures were revived by streaking on MRS agar and
incubated at 37 °C for 24 h. MRS broth was inoculated with single
colonies of bacteria, incubated at 37 °C and harvested at the exponential
phase of growth. The bacteria were screened for their B-Glucosidase
activity using a -Glucosidase assay kit according to the manufacturer’s
instructions. Briefly, overnight cultures of each strain was vortexed and
50 pL of culture were added to 200 pL of working reagent containing p-
nitrophenyl-p-p-glucopyranoside. The mixture was incubated at 37 °C
for 8 h and the optical density was read at 405 nm with SpectraMax i3
Multi-Mode Detection Platform (REUZEit, LLC, Temecula, CA 92590
USA). Bacteria that showed the lowest p-Glucosidase activity were
eliminated from further studies.

B-Glucosidase activity of the sample (pkat) was calculated as:

OD8h — ODOh
ODcalibrator — ODH?20

B — Glucosidase Activity = ( )X 250(pkar)

Where ODg,, = Optical density at 405 nm at time O h

ODgp, = Optical density at 405 nm at time 8 h
ODalibrator = Optical density of calibrator at 405 nm at time 8 h
ODyy0 = Optical density of water at 405 nm at time 8 h

2.4. Preparation of beetroot and fermentation

The beetroot (150 g) was washed with distilled water to remove
surface dirt and blanched at 100 °C for 5 min to inactivate surface mi-
croorganisms and enzymes. The skin was peeled and sliced and 100 mL
of distilled water was added to 100 g of the sample. The sample was
blended using a Philips H3664/90 blender (Vilnius, Lithuania).
Fermentation was carried out as described by Czyzowska et al. (Czy-
zowska et al., 2006) with modifications. Briefly, each selected lactic acid
bacterium (2 x 108 cfu/mL) was inoculated into beetroot pulp (200 g) as
the sole energy source and incubated at 37 °C for 48 h at 150 rpm
agitation. The fermented sample was centrifuged at 8000xg for 5 min
and the supernatant was stored at —80 °C for further studies.

2.5. Invitro antidiabetic activity of fermented beetroot

2.5.1. DPP-IV inhibitory ability

DPP-IV inhibitory ability was assessed using a DPP-IV inhibitor
screening kit according to the manufacturer’s instructions. Briefly, 10 uL
of fermented beetroot samples were mixed with 10 pL of diluted DPP-IV
and transferred to wells containing 50 pl of diluted DPP-IV substrate.
The plate was incubated at 37 °C for 30 min and fluorescence was
measured at excitation wavelength of 350-360 nm and an emission
wavelength of 450-465 nm. Sitagliptin was used as a positive control
inhibitor. Samples whose inhibitory abilities were stronger than fresh
beetroot (unfermented sample) were chosen for further studies.

DPP-1IV inhibitory ability was calculated as:

% Inhibition — Activity (without 'in'hibito.r) - A.cti\./it.y (with inhibitor)
Activity (without inhibitor)

)X 100%
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2.5.2. Total antioxidant capacity

Total antioxidant activity was analyzed using a Total Antioxidant
Capacity Assay Kit according to the manufacturer’s instructions. This kit
indirectly estimates the concentration of small molecule antioxidants in
the test sample that can reduce Cu?* jon to Cu™. The amount of reduced
Cu" ions generated is proportional to the total antioxidant capacity of
the test sample. To determine the total antioxidant capacity of the
beetroot samples, 100 pl of dilute samples were mixed with 100 pL of the
Cu®" working solution and incubated at room temperature ( ~ 25 °C) for
90 min. Trolox was used as the standard antioxidant and absorbance was
measured at 570 nm. Samples with total antioxidant concentrations
greater than fresh beetroot were chosen for further studies. Concentra-
tion of antioxidants in each sample was calculated as trolox equivalents
as S,/Sy =C

Where S, = Trolox equivalent of unknown sample well (nmole) from
standard curve

Sy = Sample volume (pL) added into the wells
C = Concentration of antioxidant in sample (mM Trolox equivalents)

2.5.3. a-Amylase inhibitory ability

The a-Amylase inhibitory assay was carried out using the a-Amylase
inhibitor screening kit according to the manufacturer’s instructions.
Briefly, 50 pL of the fermented samples were mixed with 50 pL of diluted
a-Amylase enzyme and incubated at room temperature for 10 min.
Diluted a-Amylase substrate (50 pL) was added to the enzyme-inhibitor
mixture and mixed thoroughly. The optical density was measured at
405 nm under room temperature in kinetic mode for 30 min. Relative
percentage inhibition was calculated as shown below:

Slope of (EC) — Slopeof (T)
Slope of (EC)

% Relative inhibition = ( >X 100%

Where EC = Enzyme control
T = Test sample

2.5.4. a-Glucosidase inhibitory ability

Fermented samples with o-Glucosidase inhibitory ability were
identified using the a-Glucosidase inhibitor screening kit according to
the manufacturer’s instructions. Briefly, 10 pL of a-Glucosidase was
mixed with 10 pL of the samples and incubated in the dark at room
temperature for 30 min. An aliquot (20 pL) of a-Glucosidase substrate
was added and mixed. Acarbose was used as the standard a-Glucosidase
inhibitor and absorbance was measured at 410 nm in the kinetic mode at
room temperature for 1 h. Samples whose inhibitory abilities were
stronger than fresh beetroot were chosen for further studies. Relative
percentage inhibition was calculated as shown below:

Slope of (EC) — Slopeof (T)
Slope of (EC)

% Relative inhibition = ( )X 100%

Where EC = Enzyme control

T = Test sample

2.6. Effect of temperature and fermentation time on antioxidant capacity,
DPP-1V, a-Amylase, and a-Glucosidase inhibition

The influence of fermentation temperature and fermentation time on
antioxidant capacity, DPP-IV and a-Glucosidase inhibition was per-
formed as reported by Yang et al. (Yang et al., 2018) with modifications.
Briefly, beetroot samples were fermented either at 30, 37 or 45 °C for 24,
48 or 72 h using the selected lactic acid bacterium. The bacteria growth
kinetics was measured at 600 nm using a spectrophotometer and the
changes in pH were measured periodically with a pH meter (Mettler
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Toledo® FiveEasy, Brooklyn, NY). The fermented sample that showed
the strongest antioxidant capacity was tested for DPP-IV, a-Amylase and
a-Glucosidase inhibitory abilities using the methods earlier described.

2.7. Genetic identification of selected bacterium

Following the manufacturer’s instructions, QIAGEN DNeasy Power-
Soil Pro Kit was used to extract DNA from the samples and whole
genome sequencing was carried out by CosmosID (Germantown, MD,
USA). DNA samples were measured using the QuantiFluor® dsDNA
System (Promega) chemistry and the GloMax Plate Reader System from
Promega. The Nextera XT DNA Library Preparation Kit (Illumina) and
IDT Unique Dual Indexes were used to create DNA libraries with a total
DNA input of 1 ng. An equal amount of Illumina Nextera XT fragmen-
tation enzyme was used to lyse genomic DNA. The forward and reverse
primer sequences used were AGAGTTTGATCCTGGCTCAG and
GNTACCTTGTTACGACTT respectively. Each sample received distinct
dual indexes, and then 12 cycles of PCR were used to build libraries.
DNA libraries were cleaned using Beckman Coulter AMpure magnetic
beads and rinsed with QIAGEN EB buffer. Qubit 4 fluorometer and Qubit
dsDNA HS Assay Kit were used to quantify DNA libraries. Illumina
NovaSeq platform 2x150bp was then used to sequence the libraries.
With a read quality trimming threshold of 22 for isolates, raw paired end
reads were trimmed and processed using BBDuk. Using SPAdes and the
-careful parameter, the trimmed fastqs were put together. CheckM’s
lineage_wf function was used to assess how complete the built isolate
was. In order to assess the phylogenetic placement and single-nucleotide
polymorphism (SNP) differences for useful epidemiological conclusions,
the assembled contigs were subsequently processed though the Cos-
mosID core genome SNP typing pipeline. Parsnp was used as the core
genome aligner in the CosmosID SNP typing pipeline to align the core
genomes of various microbial genomes. The phylogenomic link among
the genome was then constructed by Parsnp utilizing FastTree2 from the
remaining set of core-genome SNPs.

2.8. HPLC-MS analysis of beetroot samples

Chromatographic analysis was carried out as reported by Slatnar
et al. (Slatnar, Stampar, Veberic, & Jakopic, 2015) with midifications
using HPLC-MS system (Shimadzu, Japan) equipped with a photodiode
array (PDA) detector (Shimadzu, Japan) and mass spectrometer
(LCMS-2020; Shimadzu, Japan) with an electrospray ionization (ESI)
source. The chromatographic separation was conducted using a YMC
Pack Pro C18 column (3 x 150 mm; YMC, Japan) at 35 °C and a mobile
phase that consisted of 0.1% formic acid water solution (solvent A) and
acetonitrile (solvent B) delivered in the 3-50% gradient elution mode at
a flow rate of 0.5 mL/min. Mass scans were measured from m/z 50 up to
m/z 2000 at a 350 °C interface temperature, 250 °C desolvation line
(DL) temperature, +4500 V interface voltage, and neutral DL/Qarray,
using Ny as nebulizing and drying gas. Mass spectrometry data were
acquired in both positive and negative ionization modes. The data were
analyzed using LabSolutions liquid chromatography-mass spectrometry
(LCMS) software. Compounds were confirmed by comparing UV-Vis
spectra, retention times, m/z from MS of [M+H]" and previous reports
in literature.

2.9. Statistical analysis

Data were analyzed using Graphpad Prism 9.0. (Graphpad Software,
San Diego, USA). All results were presented as mean =+ standard devi-
ation (SD) of triplicate analyses. Values were compared using one-way
analysis of variance (ANOVA) followed by Tukey’s test at p < 0.05
significance level.
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Fig. 2. DPP-IV inhibitory activity of beetroot samples fermented with lactic
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3. Results and discussion
3.1. Screening for lactic acid bacteria with f-Glucosidase activity

Deglucosylation during fermentation is a known mechanism for
improving functional activities during functional food development
(Michlmayr & Kneifel, 2014; Avila et al., 2009). Hence, we selected
lactic acid bacteria for beetroot fermentation based on their ability to
hydrolyze beta-glycosidic bonds. All the 22 bacteria tested showed
B-p-Glucosidase activity to various extents and this agrees with earlier
studies that reported that the enzyme is widespread in lactic acid bac-
teria (Michlmayr & Kneifel, 2014). Meanwhile, the differences in
enzyme activities among the strains could be due to strain specificity and
differences in bacteria metabolism. In order to select only bacteria with
the highest f-p-Glucosidase activities among the 22 isolates, strains that
exhibited the least enzyme activities were excluded from further studies
(Fig. 1). The remaining 18 bacteria were used for beetroot fermentation
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and further analysis.
3.2. Effects of beetroot fermentation on DPP-IV inhibitory ability

Diabetes patients have high plasma DPP-IV activity which hydrolyze
glucagon-like peptide-1 (an insulinotropic and glucose-lowering mole-
cule) resulting in impaired glucose metabolism and hyperglycemia
(Sarkar, Nargis, Tantia, Ghosh, & Chakrabarti, 2019). Therefore, fer-
mented foods that inhibit DPP-IV activity have potential antidiabetic
abilities. Out of the 18 fermented samples tested against DPP-IV in this
study, only those fermented with LAB PN36 and LAB PN39 demon-
strated inhibitory abilities stronger than that exhibited by fresh beetroot
juice (Fig. 2). Specifically, samples fermented with LAB PN39 demon-
strated the strongest DPP-IV inhibitory ability of 50 + 3.5% while
samples fermented with LAB PN36 had inhibitory abilities of 43.8 +
1.6%. However, the DPP-IV inhibitory ability of fresh beetroot was only
37.5 £ 0.3%. This indicates that fermentation with these bacteria
significantly improved (p < 0.05) the DPP-IV activity of beetroot. The
samples fermented with these two bacteria were therefore subjected to
further analysis.

3.3. Effects of beetroot fermentation on antioxidant capacity

During diabetes, hyperglycemia activates the electron transport
chain which generates large amounts of ROS, impairs beta-cell functions
and elevates insulin resistance (Ayer, Fazakerley, James, & Stocker,
2022). However, antioxidants can reduce oxidative stress caused by ROS
to alleviate their harmful effects. For this reason, improving the anti-
oxidant capacity of functional foods is imperative for mitigating the
disease. In this study, we compared the antioxidant capacity of fresh
beetroot juice to juice from beetroot samples fermented with LAB PN39,
LAB PN36 and a combination of both bacteria (LAB PN39 + LAB PN36).
Interestingly, the antioxidant capacity of fresh beetroot was increased
from 0.43 + 0.07 mmol/L to 0.69 + 0.04 mmol/L, 0.53 + 0.03 mmol/L
and 0.55 + 0.04 mmol/L when fermented with LAB PN39, LAB PN36
and LAB PN39 + LAB PN36 respectively (Fig. 3). The increased anti-
oxidant capacity was possibly due to the ability of the bacteria to release
bound antioxidant compounds and also to generate bioactive com-
pounds from beetroot during the fermentation process (Zhao et al.,
2021). Our results are in agreement with recent studies that have re-
ported that lactic acid bacteria fermentation of food can improve their
antioxidant capacities (Madjirebaye et al., 2022; Sandez Penidez,
Velasco Manini, LeBlanc, Gerez, & Rollan, 2022). Meanwhile, fermen-
tation with the bacteria cocktail did not result in significant improve-
ments in the antioxidant capacity of the samples relative to single strain
fermentation (p < 0.05). We therefore proceeded to test the potential of



E.B.-M. Daliri et al.

100
Bl Fresh beetroot

B3 Acarbose
O LABPN39
ma LAB PN36

80

60

40

<
3

i

LWT 185 (2023) 115122

Fig. 4. Inhibition of carbohydrate hydrolyzing en-
zymes by fermented and unfermented beetroot sam-
ples. (A) o-Amylase inhibitory activity of fresh
beetroot

compared with fermented beetroot. (B) a-Glucosidase
inhibitory activity of fresh

beetroot compared with fermented beetroot. Bars
with the same alphabets are not

Fresh beetroot
Acarbose
LAB PN39
LAB PN36

Samples

30°C pH

ioxidant capacity (0

rowth curve
3 irowth curve
-+ 45 °C Growth curve

Samples

i

significantly different (p < 0.05).

=
S

M Fresh beetroot
B 24h

[ 48h

[ 72h

@ Sitagliptin

%
S

O 30°c
@ 37°C
B 4s5°C
M Room temperature

-y
S

&
=

0 4 8 12 16 20 2450 60 70

oll

é
a

%)
S

Trolox equivalent

Lol

0. T
Time (Hours) Fresh beetroot 24 h

Fermentation time

I

B Fresh beetroot
B 24h

0O 48h

m 72h

O Acarbose

%
=3

60

40

20

a-Amylase inhibitory ability (%)

Samples

48h

s

a-Glucosidase inhibition ability (%)

z
£
2
z
=]
)
i
=
o
-
[a)

=

Samples

1004

M Fresh beetroot
B 24h

O 48h

D 72h

[ Acarbose

Samples

Fig. 5. Effects of fermentation temperature and time on antidiabetic potentials. (A) Microbial growth kinetics under different temperature. (B) Total antioxidant
capacity of beetroot fermented under different temperature and time, (C) DPP-IV inhibitory ability of beetroot samples fermented at 45 °C for 24, 48 and 72 h, (D)
a-Amylase inhibitory ability of beetroot samples fermented at 45 °C for 24, 48 and 72 h, (E) a-Glucosidase inhibitory ability of beetroot samples fermented at 45 °C

for 24, 48 and 72 h.

the samples fermented with LAB PN39 and LAB PN36 to retard dietary
glucose release.

3.4. Effects of beetroot fermentation on carbohydrate hydrolyzing
enzymes (a-Amylase and a-glucosidase)

T2D is particularly characterized by carbohydrate metabolic disor-
ders and hence modulating dietary carbohydrate digestion effectively
regulates blood glucose levels (Mills et al., 2022). In the gut, a-Amylases
hydrolyze a-1,4 glycosidic bonds of starch into shorter glucose chains
during digestion (Kaur et al., 2021). For this reason, inhibiting
a-Amylase activity decreases the rate of starch digestion and reduces
postprandial hyperglycemia. In this study, there were no significant
differences (p > 0.05) between the a-Amylase inhibitory abilities of
fermented and unfermented samples (Fig. 4a). Indeed, some studies
have demonstrated the ability of certain lactic acid bacteria to improve
a-Amylase inhibition after fermenting certain foods (Klongklaew et al.,
2022; Ujiroghene et al., 2019). Yet the functional activity of a fermented
sample would depend on the bacteria species and the substrate used.
Meanwhile, since the disaccharides and oligosaccharides released by
a-Amylases must be further cleaved to release glucose, we proceeded to
test the ability of the fermented samples to inhibit a-Glucosidase
activity.

Alpha-Glucosidase hydrolyses o (1 — 4) glycosidic bonds at the non-
reducing terminal of carbohydrates to yield a-glucose molecules which
increase blood glucose levels after intestinal absorption (Akmal &
Wadhwa, 2022). Inhibiting the enzyme activity would therefore delay
glucose absorption thereby moderating postprandial hyperglycemia.
Among the 2 fermented beetroot samples tested, the sample fermented
with PN39 demonstrated a significantly improved a-Glucosidase inhib-
itory ability of 80.5% (Fig. 4b) compared to fresh beetroot (p = 0.01).

Takacs-Hajos and Vargas-Rubéczki (Takacs-Hajos & Vargas-Ruboczki,
2022) have shown that beetroot contains high levels of polyphenolic
compounds which are strong a-Glucosidase inhibitors (Cenobio-Galindo
et al.,, 2019) and this could account for the inhibitory ability of fresh
beetroot juice. Meanwhile, the ability of PN39 fermented samples to
more strongly inhibit a-Glucosidase agrees with a study by Zahid et al.
(Zahid et al., 2022) which demonstrated that fermentation of
polyphenol-rich foods with lactic acid bacteria can boost the a-Gluco-
sidase inhibitory ability of the final product.

3.5. Effects of temperature and fermentation time on antioxidant
capacity, DPP-1V, a-Amylase and a-Glucosidase inhibition

Bacteria growth and metabolism are influenced by fermentation
temperature and most lactic acid bacteria show optimum growth at
temperatures between 30 °C and 45 °C (Yang et al., 2018). Also most
studies that have investigated the effects of fermentation time on the
antidiabetic potentials of artificially inoculated food samples have done
so within 24 h-72 h (Fujita, Sarkar, Genovese, & Shetty, 2017; Klong-
klaew et al., 2022; Ramakrishna, Sarkar, Dogramaci, & Shetty, 2021).
Hence, we investigated the impact of these fermentation conditions on
the antioxidant capacity of PN39 fermented beetroot since fermented
products from this strain showed the strongest antidiabetic potentials.
As shown in Fig. 5A, the bacterium demonstrated similar growth ki-
netics and reached stationary phase after 18 h when grown at 30 °C and
37 °C. At 45 °C however, stationary phase was reached after 5 h of
fermentation. To survive heat stress, lactic acid bacteria possess ther-
mosensors such as CtsR which detect temperature changes and regulate
microbial replication leading to stagnant or slow growth during high
temperatures (Darsonval, Julliat, Msadek, Alexandre, & Grandvalet,
2018). Also, they excrete catabolic intermediates such as organic acids
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Fig. 6. Phylogenetic tree of LAB PN39MY bacteria. FastTree2 was used to reconstruct the phylogenetic relationship from the core-genome SNPs. The GenBank

accession numbers are listed.

into the environment to reduce heat stress (Frank & Evolution, 2020).
These factors may account for the growth kinetic of the bacterium at 45
°C and the continuous reduction in sample pH from 6.3 to 5.5 at the 24th
hour of fermentation though stationary phase was reached at the 5th
hour. Fermentation at 30 °C significantly increased (p = 0.02) the
antioxidant capacity of beetroot only when the sample was fermented
for 72 h (Fig. 5B). On the other hand, samples fermented at 37 °C had

increased antioxidant capacity from 0.43 + 0.02 mmol/L (in fresh
beetroot) to 0.0.69 + 0.01 mmol/L after 48 h of fermentation. However,
the antioxidant capacity decreased to 0.34 + 0.01 mmol/L when
fermentation time was increased to 72 h. The decrease in antioxidant
capacity could be because some of the antioxidant compounds generated
at the 48th h served as energy sources for microbial growth or as sub-
strates for generating new compounds. Meanwhile, fermenting beetroot
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Table 1
Chromatographic and mass spectrometric data of analyzed pigments in red beetroot juice before and after fermentation with L. curvatus PN39.
Peak No. Compounds Retention time (min) UV-vis maximum (nm) m/z [M + H]+ Peak area Structure
Unfermented sample
1 Vulgaxanthin I 3.5 471 340 1819461 c . 9
2 Vulgaxanthin I 4.8 471 340 786804 L ) f*”“z
HO™ "0
HO™ 0
3 Glutamic acid-betaxanthin 5.5 471 341 67467
4 Glutamic acid-betaxanthin 6.8 468 341 58325 j\‘
o
o
5 Unknown 8 457 297 25215
6 Indicaxanthin 9.5 479 309 52930 a Az
¢
7 Betanin 10.5 532 551 1474903
8 Betanin 11.5 531 551 938603
9 Betanin 12.5 532 551 245988
10 Unknown 13 526 539 167580
11 Valine-isobx 14 472 311 39128
12 Valine-isobx 14.7 472 311 29305
13 3-methoxytyramine-betaxanthin 17 412 361 42810
14 Isoleucine-isobx 18.6 472 325 54402
15 Isoleucine-bx/Leucine-isobx 19.5 472 325 59165
LAB PN 39 fermented sample
1 Threonine-betaxanthin 12 467 313 6140 P
dpJS X
7 {j/
2 Unknown 13 476 313 14673
3 Dihydromyricetin 14.5 476 321 71422 -
wo O 0 .
4 Glycine-betaxanthin 15 461 267 53630

at 45 °C increased the antioxidant capacity to 0.707 £+ 0.01 mmol/pL
after 24 h. The antioxidant capacity further increased to 1.00 + 0.01
nmol/pL and 1.46 + 0.01 mmol/pL after fermentation for 48 h and 72 h
respectively. Our results agree with earlier studies that reported that
fermentation temperature and time have significant effects on antioxi-
dant activities of the final product (Liu et al., 2020). Interestingly, the
antioxidant capacity of samples fermented at 45 °C for 24 h were not
significantly different (p = 0.21) from those fermented at 37 °C for 48 h
and 30 °C for 72 h. This indicates that increasing fermentation tem-
perature increased antioxidant activity and decreased fermentation
time.

Since fermentation at 45 °C demonstrated the highest antioxidant
capacity, we maintained the fermentation temperature but varied the
fermentation time to determine the impact of fermentation time on DPP-
IV, a-Amylase and o-Glucosidase inhibitory activities. As shown in
Fig. 5C, DPP-IV inhibition increased with fermentation time when
temperature was held at 45 °C. Inhibition increased from 37.4% (in the
fresh juice) to 66.3% after 24 h fermentation and further increased to

87.45 + 3.2% after 48 h. However, there was no significant difference (p
>0.05) in the inhibitory abilities of samples fermented for 48 h and 72 h.

Meanwhile, fermenting beetroot at 45 °C up to 72 h had no signifi-
cant effects (p > 0.05) on the a-Amylase inhibition activities (Fig. 5D).
Yet, although fermenting beetroot improved its a-Glucosidase inhibitory
abilities relative to fresh beetroot, extending the fermentation time
beyond 24 h had no significant effect (p > 0.05) on its inhibitory effect
(Fig. 5E).

3.6. Genetic identification of LAB PN39 strain

Comparative analysis using Cosmos ID bacteria database showed
that LAB PN39 was closest to Latilactobacillus curvatus sowing a core
genome coverage of 71.9%. The strain formed a separate cluster with
Latilactobacillus  curvatus ZJUNIT8 GCF 003254785.1 (Fig. 6). We
therefore named the isolate as Latilactobacillus curvatus strain PN39MY.
The whole genome sequence of the bacterium was deposited at NCBI with
accession number NZ JARGYE010000000.
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3.7. Effects of high temperature fermentation on red beetroot betalains

Generally, two betacyanins (betanin and isobetanin) and seven
betaxanthins (gulgaxanthins I, glutamic acid-betaxanthin (vulgax-
anthins II), indicaxanthin, valine-isobetaxanthin, 3-methoxytyramine-
betaxanthin, isoleucine-betaxanthin and leucine-isobetaxanthin) were
detected in the fresh beetroot with vulgaxanthin I being the most
abundant followed by betanin (Table 1). After fermentation with
L. curvatus PN39, theonine-betaxanthin and glycine-betaxanthin were
the only betaxanthins present in the fermented samples but no beta-
cyanins were detected. This is possibly because the fermentation process
might have converted these compounds into other molecules (Choinska
et al., 2022). Meanwhile, the loss of betanin in the fermented sample
could be due to the high fermentation temperature and this agrees with
earlier studies that reported that fermenting beetroot under high tem-
perature drastically reduces betalain levels up to about 88% (Choinska
et al., 2022; Czyzowska et al., 2006; Sawicki & Wiczkowski, 2018).
However, the most abundant compound in the fermented sample was
dihydromyricetin which is known to strongly inhibit ROS, DPP-IV (Wu
et al., 2022) and a-Glucosidase activities (Mi et al., 2021). Indeed, the
anti-hyperglycemic effects of dihydromyricetin in type 2 diabetes ani-
mal models is well documented (Yao et al., 2021) and hence, the pres-
ence of dihydromyricetin in the fermented sample may have contributed
immensely to the strong antidiabetic potentials displayed in this study.

4. Conclusions

In this study, we have demonstrated that Latilactobacillus curvatus
PN39MY isolated from Lithuanian fermented vegetables is capable of fer-
menting red beetroot to improve its antidiabetic properties. Specifically,
we have demonstrated that fermenting beetroot with L. curvatus
PN39MY strongly improved antioxidant capacity, a-Glucosidase and
DPP-1V inhibitory abilities. Fermentation with this strain at 45 °C for 72
h further improved its antidiabetic potentials probably due to the gen-
eration of high amounts of the antidiabetic compound dihydromyr-
icetin. Further studies are however required to prove the antidiabetic
ability of the fermented product in diabetic animal models. Also, cell
line studies would be required to establish the potential molecular
mechanisms by which the fermented sample may elicit its effects.

CRediT authorship contribution statement

Eric Banan-Mwine Daliri: Conceptualization, Formal analysis,
Writing — original draft. Toma Balnionyteé: Formal analysis. Jonita

the manuscript, Writing - review & editing. Rolandas Meskys: critical
review of the manuscript, Writing — review & editing. Aurelijus Bur-
okas: Conceptualization, Resources, Supervision.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Data availability

Data will be made available on request.
Acknowledgement

This work was financially supported by the European Regional

Development Fund (project No0.09.3.3-LMT-K-712-23-0117 under grant
agreement with the Research Council of Lithuania (LMTLT).

LWT 185 (2023) 115122
References

Akmal, M., & Wadhwa, R. (2022). Alpha-Glucosidase inhibitors. In StatPearls [internet].
Treasure Island (FL): StatPearls Publishing, 2022 Jan https://www.ncbi.nlm.nih.
gov/books/NBK557848/.

Aliahmadi, M., Amiri, F., Bahami, L. S., Hosseini, A. F., Abiri, B., & Vafa, M. J. (2021).
Effects of raw red beetroot consumption on metabolic markers and cognitive
function in type 2 diabetes patients. Journal of Diabetes and Metabolic Disorders, 20
(1), 673-682. https://doi.org/10.1007/s40200-021-00798-z

Avila, M., Hidalgo, M., Sanchez-Moreno, C., Pelaez, C., Requena, T., & de Pascual-
Teresa, S. J. (2009). Bioconversion of anthocyanin glycosides by bifidobacteria and
lactobacillus. Food Research International, 42(10), 1453-1461. https://doi.org/
10.1016/j.foodres.2009.07.026

Ayer, A., Fazakerley, D. J., James, D. E., & Stocker, R. (2022). The role of mitochondrial
reactive oxygen species in insulin resistance. Free Radical Biology and Medicine, 179,
339-362. https://doi.org/10.1016/j.freeradbiomed.2021.11.007

Azizah, R. N., Emelda, A., Asmaliani, I., Ahmad, 1., & Fawwaz, M. J. (2022). Total
phenolic, flavonoids, and carotenoids content and anti-obesity activity of Purslane
herb (Portulaca oleracea L.) ethanol extract. Pharmacognosy Journal, 14(1), 8-13.
https://doi.org/10.11594/nstp.2023.3367

Bellary, S., Kyrou, 1., Brown, J. E., & Bailey, C. J. (2021). Type 2 diabetes mellitus in
older adults: Clinical considerations and management. Nature Reviews Endocrinology,
17(9), 534-548. https://doi.org/10.1038/541574-021-00512-2

Bhatti, J. S., Sehawat, A., Misha, J., Sidhu, L. S., Navik, U., & Khullar, N. (2022).
Oxidative stress in the pathophysiology of type 2 diabetes and related complications:
Current therapeutics strategies and future perspectives. Free Radical Biology and
Medicine, 184, 114-134. https://doi.org/10.1016/j.freeradbiomed.2022.03.019

Cenobio-Galindo, A.d. J., Pimentel-Gonzalez, D. J., Razo-Rodriguez, D., Enrique, O.,
Medina-Pérez, G., & Carrillo-Inungaray, M. L. (2019). Antioxidant and antibacterial
activities of a starch film with bioextracts microencapsulated from cactus fruits
(Opuntia oligacantha). Food Science and Biotechnology, 28(5), 1553-1561. https://doi.
org/10.1007/s10068-019-00586-9

Choiniska, R., Piasecka-J6zwiak, K., Wozniak, L., Swider, O., Bartosiak, E., Bujak, M.,
et al. (2022). Starter culture-related changes in free amino acids, biogenic amines
profile, and antioxidant properties of fermented red beetroot grown in Poland.
Scientific Reports, 12(1), Article 20063. https://doi.org/10.1038/541598-022-24690-
9, 10.1038/541598-022-24690-9.

Chun, H., & Park, Y. (2020). Chapter 2 - oxidative stress and diabetic neuropathy. In
V. R. Preedy (Ed.), Diabetes (2nd ed., pp. 13-23). Academic Press.

Czyzowska, A., Klewicka, E., & Libudzisz, Z. (2006). The influence of lactic acid
fermentation process of red beet juice on the stability of biologically active colorants.
European Food Research and Technology, 223(1), 110-116. https://doi.org/10.1007/
500217-005-0159-y

Darsonval, M., Julliat, F., Msadek, T., Alexandre, H., & Grandvalet, C. (2018). CtsR, the
master regulator of stress-response in Oenococcus oeni, is a heat sensor interacting
with ClpL1. Frontiers in Microbiology, 9, 3135. https://doi.org/10.3389/
fmicb.2018.03135

DiNicolantonio, J. J., Bhutani, J., & O’Keefe, J. H. (2015). Acarbose: Safe and effective
for lowering postprandial hyperglycaemia and improving cardiovascular outcomes.
Open Heart, 2(1), Article e000327. https://doi.org/10.1136/0openhrt-2015-000327

Frank, S. A. (2020). Metabolic heat in microbial conflict and cooperation. Frontiers in
Ecology and Evolution, 8, 275. https://doi.org/10.3389/fevo.2020.00275

Fujita, A., Sarkar, D., Genovese, M. L., & Shetty, K. (2017). Improving anti-hyperglycemic
and anti-hypertensive properties of camu-camu (Myriciaria dubia Mc. Vaugh) using
lactic acid bacterial fermentation. Process Biochemistry, 59, 133-140. https://doi.
org/10.1016/j.procbio.2017.05.017

Janiszewska-Turak, E., Walczak, M., Rybak, K., Pobiega, K., Gniewosz, M., Wozniak, L.,
et al. (2022). Influence of fermentation beetroot juice process on the physico-
chemical properties of spray dried powder. Molecules, 27(3), 1008.

Karimzadeh, L., Behouz, V., Sohab, G., Hedayati, M., & Emami, G. (2022). A randomized
clinical trial of beetroot juice consumption on inflammatory markers and oxidative
stress in patients with type 2 diabetes. Journal of Food Science, 87(12), 5430-5441.
https://doi.org/10.1111/1750-3841.16365

Kasina, S. V. S. K., & Baradhi, K. M. (2022). Dipeptidyl peptidase IV (DPP IV) inhibitors.
In StatPearls [internet]. Treasure Island (FL: StatPearls Publishing, 2022 https:
//www.ncbi.nlm.nih.gov/books/NBK542331/.

Kaur, N., Kumar, V., Nayak, S. K., Wadhwa, P., Kaur, P., & Sahu, S. K. (2021). Alpha-
amylase as molecular target for treatment of diabetes mellitus: A comprehensive
review. Chemical Biology & Drug Design, 98(4), 539-560. https://doi.org/10.1111/
cbdd.13909

Khan, M. A. B., Hashim, M. J., King, J. K., Govender, R. D., Mustafa, H., & Al Kaabi, J.
(2020). Epidemiology of type 2 diabetes - global burden of disease and forecasted
trends. J Epidemiol Glob Health, 10(1), 107-111. https://doi.org/10.2991/jegh.
k.191028.001

Klongklaew, A., Banwo, K., Soodsawaeng, P., Chistopher, A., Khanongnuch, C.,

Sarkar, D., et al. (2022). Lactic acid bacteria based fermentation strategy to improve
phenolic bioactive-linked functional qualities of select chickpea (Cicer arietinum L.)
varieties. NFS Journal, 27, 36-46. https://doi.org/10.1016/j.nfs.2022.03.004

Li, Z., Tian, J., Cheng, Z., Teng, W., Zhang, W., & Bao, Y. (2022). Hypoglycemic
bioactivity of anthocyanins: A review on proposed targets and potential signaling
pathways. Critical Reviews in Food Science and Nutrition, 1-18. https://doi.org/
10.1080/10408398.2022.2055526

Liu, N., Song, M., Wang, N., Wang, Y., Wang, R., An, X., et al. (2020). The effects of solid-
state fermentation on the content, composition and in vitro antioxidant activity of
flavonoids from dandelion. PLoS One, 15(9), Article €0239076. https://doi.org/
10.1371/journal.pone.0239076


https://www.ncbi.nlm.nih.gov/books/NBK557848/
https://www.ncbi.nlm.nih.gov/books/NBK557848/
https://doi.org/10.1007/s40200-021-00798-z
https://doi.org/10.1016/j.foodres.2009.07.026
https://doi.org/10.1016/j.foodres.2009.07.026
https://doi.org/10.1016/j.freeradbiomed.2021.11.007
https://doi.org/10.11594/nstp.2023.3367
https://doi.org/10.1038/s41574-021-00512-2
https://doi.org/10.1016/j.freeradbiomed.2022.03.019
https://doi.org/10.1007/s10068-019-00586-9
https://doi.org/10.1007/s10068-019-00586-9
https://doi.org/10.1038/s41598-022-24690-9
https://doi.org/10.1038/s41598-022-24690-9
http://refhub.elsevier.com/S0023-6438(23)00701-6/sref10
http://refhub.elsevier.com/S0023-6438(23)00701-6/sref10
https://doi.org/10.1007/s00217-005-0159-y
https://doi.org/10.1007/s00217-005-0159-y
https://doi.org/10.3389/fmicb.2018.03135
https://doi.org/10.3389/fmicb.2018.03135
https://doi.org/10.1136/openhrt-2015-000327
https://doi.org/10.3389/fevo.2020.00275
https://doi.org/10.1016/j.procbio.2017.05.017
https://doi.org/10.1016/j.procbio.2017.05.017
http://refhub.elsevier.com/S0023-6438(23)00701-6/sref16
http://refhub.elsevier.com/S0023-6438(23)00701-6/sref16
http://refhub.elsevier.com/S0023-6438(23)00701-6/sref16
https://doi.org/10.1111/1750-3841.16365
https://www.ncbi.nlm.nih.gov/books/NBK542331/
https://www.ncbi.nlm.nih.gov/books/NBK542331/
https://doi.org/10.1111/cbdd.13909
https://doi.org/10.1111/cbdd.13909
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1016/j.nfs.2022.03.004
https://doi.org/10.1080/10408398.2022.2055526
https://doi.org/10.1080/10408398.2022.2055526
https://doi.org/10.1371/journal.pone.0239076
https://doi.org/10.1371/journal.pone.0239076

E.B.-M. Daliri et al.

Madjirebaye, P., Xiao, M., Mahamat, B., Xiong, S., Mueed, A., Wei, B., et al. (2022). In
vitro characteristics of lactic acid bacteria probiotics performance and antioxidant
effect of fermented soymilk. Food Bioscience, 49, Article 101952. https://doi.org/
10.1016/j.fbio.2022.101952

Mannucci, E., Monami, M., Lamanna, C., & Adalsteinsson, J. E. J. (2012). Post-prandial
glucose and diabetic complications: Systematic review of observational studies. Acta
Diabetologica, 49(4), 307-314. https://doi.org/10.1007/500592-011-0355-0

Michlmayr, H., & Kneifel, W. (2014). p-Glucosidase activities of lactic acid bacteria:
Mechanisms, impact on fermented food and human health. FEMS Microbiology
Letters, 352(1), 1-10. https://doi.org/10.1111/1574-6968.12348

Mij, S., Liu, J., Liu, X., Fu, Y., Yi, J., & Cai, S. J. (2021). Inhibitory effects of myricetrin
and dihydromyricetin toward a-Glucosidase and pancreatic lipase with molecular
docking analyses and their interaction. Journal of Food Quality, 2021(2021), 1-10.
https://doi.org/10.1155/2021/9943537. Article ID 9943537.

Mills, H., Acquah, R., Tang, N., Cheung, L., Klenk, S., Glassen, R., et al. (2022). Type 2
diabetes mellitus (T2DM) and carbohydrate metabolism in relation to T2DM from
endocrinology, neurophysiology, molecular biology, and biochemistry perspectives.
Evidence-based Complementary and Alternative Medicine. , Article 1708769. https://
doi.org/10.1155/2022/1708769. e.

Oboh, H. A., Obayiuwana, O. A., Aihie, E. O., Iyayi, J., & Udoh, E. J. J. (2020). Beetroot
(Beta vulgaris) juice inhibits key carbohydrate metabolising enzymes associated with
type II diabetes. Nigerian Journal of Basic and Applied Sciences, 28(1), 1-6. https://
doi.org/10.4314/njbas.v28il.1

Olasehinde, T. A., Oyeleye, S. 1., Ibeji, C. U., & Oboh, G. J. N. (2022). Beetroot
supplemented diet exhibit anti-amnesic effect via modulation of cholinesterases,
purinergic enzymes, monoamine oxidase and attenuation of redox imbalance in the
brain of scopolamine treated male rats. Nutritional Neuroscience, 25(5), 1011-1025.
https://doi.org/10.1080,/1028415X.2020.1831260

Ramakrishna, R., Sarkar, D., Dogramaci, M., & Shetty, K. J. A. M. (2021). Kefir culture-
mediated fermentation to improve phenolic-linked antioxidant, anti-hyperglycemic
and human gut health benefits in sprouted food barley. Applied Microbiology, 1(2),
377-407. https://doi.org/10.3390/applmicrobiol1020026

Rodriguez, L. G. R., Gasga, V. M. Z., Pescuma, M., Van Nieuwenhove, C., Mozzi, F., &
Burgos, J. A. (2021). Fruits and fruit by-products as sources of bioactive compounds.
Benefits and trends of lactic acid fermentation in the development of novel fruit-
based functional beverages. Food Research International, 140, Article 109854.
https://doi.org/10.1016/j.foodres.2020.109854

Sandez Penidez, S. H., Velasco Manini, M. A., LeBlanc, J. G., Gerez, C. L., & Rollan, G. C.
(2022). Quinoa sourdough-based biscuits with high antioxidant activity fermented
with autochthonous lactic acid bacteria. Journal of Applied Microbiology, 132(3),
2093-2105. https://doi.org/10.1111/jam.15315

Sarkar, J., Nargis, T., Tantia, O., Ghosh, S., & Chakrabarti, P. (2019). Increased plasma
dipeptidyl peptidase-4 (DPP4) activity is an obesity-independent parameter for
glycemic deregulation in type 2 diabetes patients. Frontiers in Endocrinology, 10, 505.
https://doi.org/10.3389/fendo.2019.00505

LWT 185 (2023) 115122

Sawicki, T., & Wiczkowski, W. (2018). The effects of boiling and fermentation on
betalain profiles and antioxidant capacities of red beetroot products. Food Chemistry,
259, 292-303. https://doi.org/10.1016/j.foodchem.2018.03.143

Slatnar, A., Stampar, F., Veberic, R., & Jakopic, J. J. (2015). HPLC-MSn identification of
betalain profile of different beetroot (Beta vulgaris L. ssp. vulgaris) parts and
cultivars. Journal of Food Science, 80(9), C1952-C1958. https://doi.org/10.1111/
1750-3841.12977

Takécs-Hdjos, M., & Vargas-Ruboczki, T. (2022). Evaluation of bioactive compounds in
leaf and root of five beetroot varieties. Journal of Agriculture and Food Research, 7,
Article 100280. https://doi.org/10.1016/].jafr.2022.100280

Tian, J.-L., Si, X., Wang, Y.-H., Gong, E.-S., Xie, X., Zhang, Y., et al. (2021). Bioactive
flavonoids from Rubus corchorifolius inhibit a-Glucosidase and a-Amylase to
improve postprandial hyperglycemia. Food Chemistry, 341, Article 128149. https://
doi.org/10.1016/j.foodchem.2020.128149

Ujiroghene, O. J., Liu, L., Zhang, S., Ly, J., Zhang, C., Pang, X., et al. (2019). Potent
a-Amylase inhibitory activity of sprouted quinoa-based yoghurt beverages fermented
with selected antidiabetic strains of lactic acid bacteria. RSC Advances, 9(17),
9486-9493. https://doi.org/10.1039/c8ral0063b

Wu, L., Zhou, M., Xie, Y., Lang, H., Li, T., Yi, L., et al. (2022). Dihydromyricetin enhances
exercise-induced GLP-1 elevation though stimulating cAMP and inhibiting DPP-4.
Nutrients, 14(21). https://doi.org/10.3390/nul4214583

Wybraniec, S., Stalica, P., Spérna, A., Nemzer, B., Pietrzkowski, Z., & Michatowski, T.
(2011). Antioxidant activity of betanidin: Electrochemical study in aqueous media.
Journal of Agricultural and Food Chemistry, 59(22), 12163-12170. https://doi.org/
10.1021/jf2024769

Xiao, J. (2017). Dietary flavonoid aglycones and their glycosides: Which show better
biological significance? Critical Reviews in Food Science and Nutrition, 57(9),
1874-1905. https://doi.org/10.1080,/10408398.2015.1032400

Yang, E., Fan, L., Yan, J., Jiang, Y., Doucette, C., Fillmore, S., et al. (2018). Influence of
culture media, pH and temperature on growth and bacteriocin production of
bacteriocinogenic lactic acid bacteria. AMB Express, 8(1), 1-10. https://doi.org/
10.1186/513568-018-0536-0

Yao, M., Teng, H., Lv, Q., Gao, H., Guo, T., Lin, Y., et al. (2021). Anti-hyperglycemic
effects of dihydromyricetin in streptozotocin-induced diabetic rats. Food Science and
Human Wellness, 10(2), 155-162. https://doi.org/10.1016/].fshw.2021.02.004

Zahid, H. F., Ali, A., Ranadheera, C. S., Fang, Z., Dunshea, F. R., & Ajlouni, S. (2022). In
vitro bioaccessibility of phenolic compounds and alpha-Glucosidase inhibition
activity in yoghurts enriched with mango peel powder. Food Bioscience, 50, Article
102011. https://doi.org/10.1016/].tbio.2022.102011

Zhao, Y.-S., Eweys, A. S., Zhang, J.-Y., Zhu, Y., Bai, J., Darwesh, O. M., et al. (2021).
Fermentation affects the antioxidant activity of Plant-Based food material though the
release and production of bioactive components. Antioxidants, 10(12). https://doi.
org/10.3390/antiox10122004, 2004.


https://doi.org/10.1016/j.fbio.2022.101952
https://doi.org/10.1016/j.fbio.2022.101952
https://doi.org/10.1007/s00592-011-0355-0
https://doi.org/10.1111/1574-6968.12348
https://doi.org/10.1155/2021/9943537
https://doi.org/10.1155/2022/1708769
https://doi.org/10.1155/2022/1708769
https://doi.org/10.4314/njbas.v28i1.1
https://doi.org/10.4314/njbas.v28i1.1
https://doi.org/10.1080/1028415X.2020.1831260
https://doi.org/10.3390/applmicrobiol1020026
https://doi.org/10.1016/j.foodres.2020.109854
https://doi.org/10.1111/jam.15315
https://doi.org/10.3389/fendo.2019.00505
https://doi.org/10.1016/j.foodchem.2018.03.143
https://doi.org/10.1111/1750-3841.12977
https://doi.org/10.1111/1750-3841.12977
https://doi.org/10.1016/j.jafr.2022.100280
https://doi.org/10.1016/j.foodchem.2020.128149
https://doi.org/10.1016/j.foodchem.2020.128149
https://doi.org/10.1039/c8ra10063b
https://doi.org/10.3390/nu14214583
https://doi.org/10.1021/jf2024769
https://doi.org/10.1021/jf2024769
https://doi.org/10.1080/10408398.2015.1032400
https://doi.org/10.1186/s13568-018-0536-0
https://doi.org/10.1186/s13568-018-0536-0
https://doi.org/10.1016/j.fshw.2021.02.004
https://doi.org/10.1016/j.fbio.2022.102011
https://doi.org/10.3390/antiox10122004
https://doi.org/10.3390/antiox10122004

	High temperature lacto-fermentation improves antioxidant and antidiabetic potentials of Lithuanian red beetroot
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Materials and bacteria isolation
	2.3 Selection of lactic acid bacteria based on their β-Glucosidase activities
	2.4 Preparation of beetroot and fermentation
	2.5 In vitro antidiabetic activity of fermented beetroot
	2.5.1 DPP-IV inhibitory ability
	2.5.2 Total antioxidant capacity
	2.5.3 α-Amylase inhibitory ability
	2.5.4 α-Glucosidase inhibitory ability

	2.6 Effect of temperature and fermentation time on antioxidant capacity, DPP-IV, α-Amylase, and α-Glucosidase inhibition
	2.7 Genetic identification of selected bacterium
	2.8 HPLC-MS analysis of beetroot samples
	2.9 Statistical analysis

	3 Results and discussion
	3.1 Screening for lactic acid bacteria with β-Glucosidase activity
	3.2 Effects of beetroot fermentation on DPP-IV inhibitory ability
	3.3 Effects of beetroot fermentation on antioxidant capacity
	3.4 Effects of beetroot fermentation on carbohydrate hydrolyzing enzymes (α-Amylase and α-glucosidase)
	3.5 Effects of temperature and fermentation time on antioxidant capacity, DPP-IV, α-Amylase and α-Glucosidase inhibition
	3.6 Genetic identification of LAB PN39 strain
	3.7 Effects of high temperature fermentation on red beetroot betalains

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgement
	References


