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Abstract

The aim of the present study was to assess the effect of mint (Mentha sp.), lemon thyme (Thymus
citriodorus) and garlic (Allium sativum) on the spontaneous fermentation of Raphanus sativus roots in
brine and the fate of Listeria monocytogenes and Escherichia coli O157:H7 inoculated at 4 or 6 log
CFU/mL. In all cases, lactic acid bacteria prevailed from the beginning of the fermentation with Lb.
plantarum being the dominant species at the end of it. Both L. monocytogenes and E. coli O157:H7 were
not detected upon prolongation of the fermentation to 27 and 16 days regarding the inoculum level of 4
and 6 log CFU/mL, respectively. The addition of herbs into the brine, at least in the amount used, had no
negative effect on radish root spontaneous fermentation. From a safety perspective, prolongation of the
fermentation time may be advised for effective inactivation of L. monocytogenes and E. coli O157:H7.
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Introduction

The root is the main edible part of the radish plant (Raphanus sativus L.), a vegetable of the
Brassicaceae family, the consumption of which has been associated with positive effects on
health and well-being [ 2. Radish roots are considered to be a good source of B-complex
vitamins, vitamin C and minerals like potassium, calcium, phosphorus, magnesium etc. El. In
India they are widely used as a medicinal plant and nowadays there is a growing interest for
their use as an ingredient for the production of healthy functional foods due to a wide range of
health promoting properties attributed to the presence of glucosinolates and their degradation
products, as well as antioxidants like polyphenols, flavonoids and ascorbic acid 241,
Fermentation is frequently employed as a processing method for the extension of shelf-life of
highly perishable raw materials 1. The consumption of fermented radish roots is currently
common only in areas of China, Japan and Korea and mostly as an ingredient of Kimchi and
Pao Cai [6 71, According to the literature, the only product that is exclusively prepared from
radish roots is Sinki, a traditional food of Himalaya’s area produced by pit fermentation and
usually consumed in India, Nepal, and Bhutan [ 91,

Brine fermentation is the preferred type of lactic acid fermentation in Greece, mostly due to
the nature of fruits and vegetables employed. A variety of lactic acid fermented fruits and
vegetables including cauliflower, asparagus and green tomatoes has been lately studied [0-22,
Only recently did lactic acid fermentation of radish roots attracted scientific attention [*3 due
to the nutritional value of the raw materials and the unique organoleptic properties of the final
product. Spontaneous radish root fermentation was initiated by Pediococcus pentosaceus and
then dominated by Lactobacillus plantarum. Lb. brevis was only detected during the final days
of fermentation 11,

A common practice aiming at the flavor enhancement of the final product is the addition of
herbs and spices, such as dill, garlic, bay leaves, thyme etc. Such an addition usually takes
place during preparation of the raw materials "> 111 and may affect the development of the
microecosystem through the release of compounds with antimicrobial properties. It is already
well documented that a lot of herbs and spices exert antimicrobial effect against foodborne
pathogens and usually employed as natural preservatives during the processing of several
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foods [*7-21, However, the effect on the fermentation itself, as
this is assessed through the kind of predominant microbiota
along with the concomitant acidity development, is often
neglected.

In this study, the effect of mint, lemon thyme or garlic
addition on spontaneous fermentation of radish roots in brine
along with the fate of two major foodborne pathogens, namely
L. monocytogenes and E. coli O157:H7, has been
investigated. Especially regarding the latter, apart from the
inhibitory effect of lactic acid produced during fermentation,
the possibility of secretion of other antimicrobial compounds
from the radish roots and the herbs immersed into the brine,
which could contribute to the fate of the two pathogens, has
been considered. In this frame, the aim of the present study
was to investigate the impact of herb addition on spontaneous
fermentation of radish roots in brine as well as the effect of
the combination of the two factors -fermentation and presence
of herbs- on the fate of L. monocytogenes and E. coli
0157:H7.

Materials and Methods

Bacterial Strains

Two pathogens were used for the inoculation of brines used
for the radish fermentation: L. monocytogenes strain LQC
15257 belonging to serotype 4b, previously isolated from a
strawberry sample and E. coli O157:H7 strain NCTC 13125.
Both strains were stored at -20 °C in Brain-Heart Infusion
(BHI) broth (Biolife, Milano, Italy) containing 20% glycerol
(Merck, Darmstadt, Germany). Before use, the bacteria were
subcultured twice in BHI broth incubated at 37 °C for 24 h.

Pickle preparation and sampling

Fermentation of radish (R. sativus L.) roots was performed
according to a traditional recipe that is used in southern
Attica. Seven hundred grams (x 5 g) of radish roots were
thoroughly washed with tap water, cut in half and submerged
into 1.3 L of brine solution (5% NaCl, w/v). Three kinds of
herbs and spices were added separately in the fermentation
vessels by immersion of the plant leafs or cloves (in the case
of garlic) in the brine, at a concentration of 1.0 % w/v: mint
(Mentha sp.), lemon thyme (Thymus citriodorus) and garlic
(Allium sativum). A fermentation vessel without any herb or
spice was used as a control. Then, the brine solution was
inoculated with the appropriate amount of overnight cultures
of both L. monocytogenes and E. coli O157:H7 strains to
reach a final level of about 4 (low pathogen inoculum) or 6
(high pathogen inoculum) log CFU/mL. The surface was
covered with olive oil and the mixture left to ferment for as
long as necessary at 20 ‘C. The fermentation was considered
as complete when both pH and TTA values exhibited no
statistically significant change between two consecutive
samplings. However, fermentation was prolonged until the
pathogens were not detectable in two successive samplings.
Thus, brine samples were analyzed at days 0, 1, 3, 6, 9, 13,
16, 20 and 27 in the case of low pathogen inoculum and 0, 1,
3, 6,9, 13 and 16 in the case of high pathogen inoculum.
Fermentations were performed in duplicate and the average
values are presented.

Physico-chemical analyses

Radish fermentation was monitored by measuring the pH
value and total titratable acidity (TTA) of the brine. pH value
was recorded (WTW, Weilheim, Germany) in brine samples
(10 mL) aseptically derived from each fermentation jar. After
the addition of 90 mL of distilled water and well stir of the
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sample, the acidity was titrated using 0.1 N NaOH solution to
a final pH of 8.5 and the TTA was expressed in % lactic acid
(%LA). All analyses were performed in duplicate and the
average values are presented.

Total phenolic content

Total Phenolic Content (TPC) in radish brine samples was
determined by the Folin—Ciocalteu colorimetric method based
on Tawaha et al. 2?1 procedure. Briefly, 50 pL of the radish
brine (after centrifugation) were added to 450 pL of deionized
water and 2.5 mL of 0.2 N Folin—Ciocalteu reagent. The
mixture was vortexed, and after 5 min, 2 mL of 7.5% (w/v)
sodium carbonate solution were added and mixed. The
absorbance of the final solution was measured at 765 nm after
incubation at room temperature for 1.5 h with intermittent
shaking.

A calibration curve was prepared from catechin (Fluka,
Germany, (+) catechin hydrate > 96.0%) water solutions at
concentrations ranged from 5 to 750 pg/mL. The Total
Phenolic Content in all brine samples was expressed as
Catechin Equivalents (CE) in pg per mL of brine. The
procedure was repeated twice for each sample and the average
values are presented.

Microbiological Analyses

Microbiological analyses were performed in the brine samples
throughout fermentation. Total aerobic mesophilic count,
lactic acid bacteria, yeasts/moulds, pseudomonads,
enterococci, and Enterobacteriaceae were enumerated
according to Pardali et al. %1, The pathogens were detected or
enumerated according to 1ISO 11290-1:1996 and 1SO 11290-
2:1998 for L. monocytogenes and 1SO 16654:2001 for E. coli
0157:H7 229 All colonies present on MRS agar obtained
during the final day of each fermentation were isolated and
purified by successive subculturing. DNA extraction from the
isolates was performed according to Cocolin et al. %1 and
identification by species specific PCR according to Aymerich
et al. 27,

Statistical Analysis

The effect of herb presence during fermentation, for each
inoculum level of the pathogens, on the evolution of pH
value, TTA and the dynamics of the microbial populations
enumerated i.e. total aerobic mesophilic count, lactic acid
bacteria,  yeasts/moulds, pseudomonads, enterococci,
Enterobacteriaceae, L. monocytogenes and E. coli O157:H7
was assessed by one-way analysis of variance (ANOVA).

Results

In Table 1, the evolution of pH value and total titrable acidity
(TTA) during spontaneous radish root fermentation at 20 °C
with or without the addition of herbs and inoculated with 4 or
6 log CFU/mL of the pathogens, are shown. The initial pH
value ranged from 6.53 to 6.94 and decreased to a final value
ranging from 3.42 to 4.18 after 9 to 13 days. Similarly, the
initial TTA values ranged from 0.008 to 0.012 % lactic acid
(LA) and increased to a final value ranging from 0.26 to 0.36
% LA after 9 to 13 days. Herb addition had no statistically
significant effect (P<0.05) on the evolution of pH and TTA
values. On the contrary, statistically significant differences
were observed in the pH and TTA values between the
different inoculum levels (4 or 6 log CFU/mL) of the same
treatment (without addition of herbs, addition of Mentha sp.,
Thymus citriodorus or Allium sativum) during the 1%, 3 or 6t"
days of spontaneous radish root fermentation (Table 1). In all
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cases, pH value was higher and TTA value was lower when
the inoculum level was 4 log CFU/mL.

Total phenolic content (TPC) in brine during spontaneous
radish fermentation at 20 °C, with or without the addition of
herbs and inoculated with 4 or 6 log CFU/mL of the
pathogens, is presented in Table 2. The initial TPC was
determined at 43.72 and 44.56 pug CE/mL at inoculum levels 4
and 6 log CFU/mL, respectively. In the first case, a
statistically significant increase took place until the 6™ day of
fermentation when T. citriodorus or A. sativum were added
and until the 9™ day of fermentation when no herb or Mentha
sp. were added. The TPC values in the final day of
fermentation (27'") ranged from 343.17 to 418.17 ug CE/mL.
Statistically significant differences were also observed
between the different treatments of the same sampling day.
This was particularly evident regarding the fermentation in
the presence of T. citriodorus, in which TPC was higher from
the respective in the absence of any herb or in the presence of
Mentha sp. in most of the sampling days, including the final
one (27™). On the contrary, TPC in the presence of Mentha sp.
or A. sativum was statistically different from the respective in
the absence of any herb only in the 6" day of fermentation.
Similarly, at 6 log CFU/mL pathogen inoculum level, a
statistically significant increase in TPC was observed until the
6" day of fermentation. In that case, the TPC values in the
final day of fermentation (16™) ranged from 360.11 to 406.22
ug CE/mL. As in the previous case, statistically significant
differences were observed between the different treatments of
the same sampling day in many cases without though any
particular trend. Interestingly, in the final day of fermentation
(16'™) TPC was higher when no herb was added that with the
addition of garlic.

Statistically significant differences were also detected in the
TPC between the different inoculum levels (4 or 6 log
CFU/mL) of the same treatment during the 3', 6%, 9t or 13™
days of spontaneous radish root fermentation. When no herb
or Mentha sp. were added TPC was lower at 4 log CFU/mL
pathogen inoculum level compared to the respective at 6 log
CFU/mL during the 3, 6™, and 9" days of fermentation in the
first case and 3 and 6™ days in the second. Similarly,
statistically significant differences were also observed in the
case of T. citriodorus addition; more accurately TPC was
lower during the 3 day of fermentation but higher during the
6™ and 13" days at 4 log CFU/mL pathogen inoculum level
compared to the respective at 6 log CFU/mL.

The evolution of total aerobic mesophilic count, lactic acid
bacteria, enterococci, pseudomonads, Enterobacteriaceae,
yeasts/molds, L. monocytogenes and E. coli O15:H7 during
spontaneous radish root fermentation at 20 °C, with or without
the addition of herbs and inoculated with 4 CFU/mL of the
pathogens are presented in Table 3. The initial total aerobic
mesophilic count ranged from 6.77 to 6.9 log CFU/mL; it was
increased to 7.11-7.91 log CFU/mL after 6 days and then
reduced to 5.91-6.60 log CFU/mL by the end of fermentation.
The initial lactic acid bacteria and enterococci populations
were rather low; they ranged between 2.27 and 3.07 log
CFU/mL and between 177 and 2.81 log CFU/mL,
respectively. Both populations increased to 6.95-8.02 log
CFU/mL and 6.91 to 7.97 log CFU/mL after 6 to 9 days and
then reduced to 5.96-6.61 log CFU/mL and 5.32-6.51 log
CFU/mL by the end of fermentation, respectively.
Pseudomonads and yeasts/molds were present during the first
days of fermentation but their population declined below
enumeration limit before the end of it. More accurately, they
were initially enumerated at 3.77-3.90 and 3.34-3.44 log
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CFU/mL, respectively. Then, pseudomonads population
declined and was below enumeration limit after 13 days when
no herb was added to the fermentation, 3 days when Mentha
sp. was added and 6 days when T. citriodorus or A. sativum
were added. The population of yeasts/molds increased during
the first day of fermentation but then reduced below
enumeration limit after 6 days when Mentha sp. or T.
citriodorus were added of 9 days when no herb or A. sativum
were added. The evolution of the Enterobacteriaceae
population was quite interesting. It was initially enumerated at
5.00-5.44 log CFU/mL, increased during the first day of
fermentation but then decreased below enumeration limit after
13 days of fermentation when no herb was added and 16 days
of fermentation when T. citriodorus or A. sativum were added.
Interestingly, when Mentha  sp. was added,
Enterobacteriaceae population was enumerated until the end
of fermentation. Listeria monocytogenes population increased
during the first days of fermentation. More accurately, it
increased to 4.90-6.13 log CFU/mL during the first three days
of fermentation and then decreased to below enumeration
limit after 9 days in the presence of T. citriodorus or A.
sativum, 16 days in the absence of herbs and 20 days in the
presence of Mentha sp. In all cases, absence of the pathogen
was verified during the 20" day of fermentation. Similarly,
Escherichia coli O157:H7 population also increased during
the first days of fermentation. More accurately, it reached
5.39 log CFU/mL during the first three days of fermentation
in the absence of herbs and to 5.50-6.12 log CFU/mL during
the first day in the presence of herbs. Then, the population
decreased below enumeration limit after 6 days in the
presence of T. citriodorus or Mentha sp. and 9 days in the
presence of A. sativum and in the absence of herbs. Absence
of the pathogen was verified after 9 days of fermentation in
the presence of A. sativum, 13 days in the presence of T.
citriodorus and 16 days in the presence of Mentha sp. and in
the absence of herbs.

In Table 4, the evolution of total aerobic mesophilic count,
lactic  acid  bacteria, enterococci,  pseudomonads,
Enterobacteriaceae, yeasts/molds, L. monocytogenes and E.
coli O15:H7 during spontaneous radish root fermentation at
20 °C, with or without the addition of herbs and inoculated
with 6 log CFU/mL of the pathogens, are presented. The
initial total aerobic mesophilic count ranged from 6.18 to 6.77
log CFU/mL; it increased to 7.54-7.99 log CFU/mL after 6 to
9 days and then reduced to 6.16-7.46 log CFU/mL by the end
of fermentation. The initial lactic acid bacteria and
enterococci populations were enumerated between 2.54 and
4.09 log CFU/mL and between 1.80 and 2.63 log CFU/mL,
respectively. Both populations increased to 7.46-8.03 log
CFU/mL and 7.02 to 7.77 log CFU/mL after 6 to 9 days and
then reduced to 6.17-6.90 log CFU/mL and 4.47-6.23 log
CFU/mL by the end of fermentation, respectively.
Pseudomonads, Enterobacteriaceae and yeasts/molds were
present during the first days of fermentation. More accurately,
they were initially enumerated at 3.05-3.30, 5.21-5.75 and
3.12-3.60 log CFU/mL, respectively. Then, in all case
yeasts/molds population decreased below enumeration limit
after 3 days of fermentation, while Enterobacteriaceae
population increased during the first day of fermentation but
reduced below enumeration limit after 6 days of fermentation.
In the case of pseudomonads population, it declined below
enumeration limit after 3 days of fermentation when no herb
or Mentha sp. were added and after 6 days of fermentation
when T. citriodorus or A. sativum were added. An increase in
the L. monocytogenes population to 6.56-7.10 log CFU/mL
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was noticed during the first day of fermentation; then it
decreased to below enumeration limit after 13 days in the
absence of any herb and in the presence of Mentha sp. and T.
citriodorus, and after 6 days in the presence of A. sativum. In
both cases, absence of the pathogen was also verified during
the 13" and the 9" days of fermentation, respectively. As in
the previous case, E. coli O157:H7 population increased to
5.95-7.13 log CFU/mL during the first day of fermentation
and then decreased below enumeration limit after three days
in the absence of herbs and in the presence of Mentha sp., and
after 6 days in the presence of T. citriodorus or A. sativum.
Absence of the pathogen was verified after 9 days of
fermentation in all cases.

In many cases, statistically significant differences were

observed between
radish

spontaneous

the populations enumerated during
root fermentation under

the same

treatment but different pathogen inoculum level or under
different treatments but the same pathogen inoculum level.
Despite these differences, no particular trend different from
the ones already described was identified.
A total of 120 colonies grown on MRS agar during the final
day of each fermentation were isolated and subjected to
species-specific PCR. The required amplicon of 219 bp was
detected in all cases and thus all isolates were classified as Lb.

plantarum.

Table 1: Evolution of pH and total titrable acidity (TTA) during spontaneous radish root fermentation in brine at 20 °C, with or without the
addition of herbs and inoculated with 4 or 6 log CFU/mL L. monocytogenes and E. coli 0157:H7

Time (days) inoculated with 4 log CFU/mL of L. monocytogenes and E. coli O157:H7
pH values TTA values
Without any herb| Menthasp. | T. citriodorus | A.sativum |Without any herb|  Mentha sp. T. citriodorus A. sativum
0 6.87 (0.12)>" | 6.53 (0.11)*" | 6.94 (0.12)*>" | 6.71 (0.11)>" | 0.010 (0.002)*" | 0.012 (0.003)>" | 0.008 (0.001)*" | 0.009 (0.002)*"
1 5.82 (0.14)»Y | 5.92(0.12)*Y | 5.89 (0.13)*Y | 6.01 (0.24)*Y | 0.025 (0.008)*Y | 0.029 (0.002)>¥ | 0.028 (0.003)*Y | 0.018 (0.005)*Y
3 5.36 (0.17)>Y | 5.43(0.23)*" | 5.37 (0.18)*>" | 5.40 (0.17)>" | 0.117 (0.012)*Y | 0.072 (0.005)*¥ | 0.099 (0.004)*Y | 0.072 (0.006)*¥
6 3.65 (0.42)>" | 4.03 (0.28)*" | 4.53 (0.25)*" | 3.90 (0.44)>" | 0.198 (0.051)*" | 0.153 (0.062)>Y | 0.198 (0.024)>" | 0.211 (0.021)>"
9 3.44 (0.23)>" |3.92(0.27)*" | 4.02 (0.27)*" | 4.18 (0.23)>" | 0.324 (0.032)*" | 0.261 (0.052)>" | 0.288 (0.032)*" | 0.283 (0.035)*"
13 4.07 (0.38)>" | 3.90 (0.16)*" | 4.15 (0.22)>" | 4.17 (0.34)>" | 0.261 (0.018)*" | 0.306 (0.028)*" | 0.283 (0.042)>" | 0.297 (0.036)>"
16 3.44 (0.12)>" | 4.18 (0.40)*" | 3.99 (0.20)*" | 4.10 (0.18)*" | 0.288 (0.008)*" | 0.306 (0.030)>" | 0.279 (0.050)*" | 0.297 (0.050)*"
20 3.54 (0.22)>NA 13.81 (0.36)* NA|3.93 (0.30)2 NA(4.17 (0.32)> NA(0.288 (0.021)* NA|0.315 (0.009)* NA|0.297 (0.030)* NA10.301 (0.040)> NA
27 3.75 (0.20)>NA 113.90 (0.25)* NA|3.95 (0.11)2 NA(3.92 (0.25)* NA4(0.270 (0.009)* NA|0.297 (0.024)* NA|0.297 (0.020)* NA10.315 (0.020)* NA
inoculated with 6 log CFU/mL of L. monocytogenes and E. coli O157:H7
pH values TTA values
Without any herb| Mentha sp. | T. citriodorus | A.sativum |Without any herb|  Mentha sp. T. citriodorus A. sativum
0 6.70 (0.12)* 6.80 (0.12)* | 6.80(0.12)* | 6.70(0.13)* | 0.010 (0.003)* | 0.011(0.002)* | 0.010 (0.003)* | 0.009 (0.004)
1 5.35 (0.18)? 5.50 (0.13)* | 5.47 (0.14)* | 5.48(0.18)* | 0.042 (0.001)* | 0.045(0.002)* | 0.045(0.002)* | 0.035 (0.009)*
3 495 (0.11)2 5.04 (0.15)* | 5.04(0.23)* | 5.12(0.11)® | 0.143(0.004)* | 0.134(0.015)* | 0.153(0.015)* | 0.125(0.011)?
6 3.44 (0.46)? 4.66 (0.32)* | 4.66(0.41)* | 4.36(0.50)* | 0.251(0.001)* | 0.278 (0.020)* | 0.176 (0.056)* | 0.248 (0.030)?
9 3.78 (0.24)? 4.12(0.34)* | 4.12(0.36)* | 4.00(0.36)* | 0.360 (0.019)* | 0.327 (0.034)* | 0.285(0.041)* | 0.291 (0.040)
13 3.82 (0.26)? 3.68 (0.42)* | 3.68(0.31)* | 3.42(0.24)* | 0.280(0.021)* | 0.290 (0.036)* | 0.327 (0.023)* | 0.318 (0.018)*
16 4.13 (0.24)* 4.12(0.25)* | 4.12(0.25)* | 3.95(0.18)* | 0.285(0.040)* | 0.314 (0.024)* | 0.340(0.041)* | 0.352 (0.030)?

The average values are presented; standard deviation is given in parenthesis
In each sampling day, different superscript letters (a, b, ¢ and d) denote significant differences (P<0.05) between the different treatments
(without addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) of each parameter (pH or TTA) and inoculum level (4 or 6 log
CFU/mL) during spontaneous radish root fermentation in brine at 20 °C.
In each sampling day, different superscript letters (y or n) denote significant differences (P<0.05; y: detection of statistically significant
differences; n: no detection of statistically significant differences) between the different inoculum level (4 or 6 log CFU/mL) of the same
treatment (without addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) of each parameter (pH or TTA) during spontaneous
radish root fermentation in brine at 20 °C.
NA: Not Applicable

Table 2: Evolution of total phenolic content in brine (in pg CE/mL) during spontaneous radish root fermentation in brine at 20 °C, with or
without the addition of herbs and inoculated with 4 or 6 log CFU/mL L. monocytogenes and E. coli O157:H7

Time (days) inoculated with 4 log CFU/mL of L. monocytogenes and E. coli O157:H7

Withoutany herb | Mentha sp. T. citriodorus | A. sativum
0 4372 (24.41)
1 54.83(10.74) " 52.33 (19.92)a" 54.83 (18.86)2" 60.67 (23.35)*"
3 82.61 (33.04)" Y 110.11 (30.97)® 7 117.89 (29.82)® Y 134,56 (25.57)P "
6 24317 (24.70)%Y 186.50 (13.21)PY 354.08 (24.71)7 333.17 (32.33)0"
9 308.17 (28.07)%Y 292.61 (22.19)%" 378.44 (34.51)P 1 330.94 (52.78)® "
13 354.83 (32.22)"" 335.39 (36.05)* " 422.06 (41.63)"7 386.78 (54.78)® "
16 376.78 (3L.14)% " 374.00 (30.48)% " 409.83 (57.17)%" 401.78 (46.32)% 7
20 338.72 (8.81)" VA 347.06 (29.29)% VA 446.78 (36.27)° VA 382.06 (55.08)% VA
27 343.17 (27.99)% VA 346.50 (37.36)% VA 418.17 (29.91)P VA 378.17 (37.84) VA

inoculated with 6 log CFU/mL of L. monocytogenes and E. coli 0157:H7

Withoutany herb | Mentha sp. | T. citriodorus | A. sativum
0 44.56 (3.33)
1 65.67 (29.90)% 76.78 (22.68)° 80.11 (25.53)° 78.31 (31.23)°
3 222.06 (44.25)? 170.39 (17.60)? 166.50 (22.13)" 164.28 (23.57)°
6 384.83 (47.43)° 327.06 (63.35)® 299,56 (33.56)P 321.22 (30.69)®
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9 363.72 (24.34)° 329.56 (26.71)° 339.56 (71.42)° 329.00 (17.43)°
13 359.28 (16.26)° 325.11 (22.12)° 326.22 (52.63) 314.56 (40.08)®
16 406.22 (11.82)° 380.11 (33.68)® 393.44 (27.01)® 360.11 (35.11)P

The average values are presented; standard deviation is given in parenthesis

In each sampling day, different superscript letters (a, b, ¢ and d) denote significant differences (P<0.05) between the different treatments
(without addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) of each inoculum level (4 or 6 log CFU/mL) during
spontaneous radish root fermentation in brine at 20 °C.

In each sampling day, different superscript letters (y or n) denote significant differences (P<0.05; y: detection of statistically significant
differences; n: no detection of statistically significant differences) between the different inoculum level (4 or 6 log CFU/mL) of the same
treatment (without addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) of each parameter (pH or TTA) during
spontaneous radish root fermentation in brine at 20 °C.

NA: Not Applicable

Table 3: Evolution of total aerobic mesophilic count, lactic acid bacteria, enterococci, pseudomonads, Enterobacteriaceae, yeasts/molds, L.
monocytogenes and E. coli O15:H7 during spontaneous radish root fermentation at 20 °C, with or without the addition of herbs and inoculated
with 4 log CFU/mL of the pathogens.

Time (days)] TAMC | LAB [pseudomonads | Enterobacteriaceae | Yeasts/molds | enterococci | L. monocytogenes | E. coli 0157:H7
Without any herb
0 6.90 (0.35)* | 2.36 (0.25)* | 3.77 (0.42)* 5.44 (0.36) 3.44 (0.41)* | 2.39 (0.33)° 4.25 (0.17)? 4.12 (0.41)?
1 7.46 (0.63)* | 4.02 (0.42)° | 3.32(0.52) 6.60 (0.45)* 4.30 (0.53)* | 4.98 (0.42) 4.80 (0.36)* 4.45 (0.25)?
3 7.43 (0.54)* | 5.37 (0.52)* | 2.79(0.38)* 6.69 (0.28)* 2.83 (0.29)* | 6.17 (0.25) 5.13 (0.25) 5.39 (0.33)*
6 7.47 (0.48)* [ 7.43(0.42)*| 3.12(0.42) 4.95 (0.52)* 2.07 (0.54)* | 6.91 (0.51) 3.07 (0.23)* 3.14 (0.24)*
9 6.38 (0.20)* | 6.52 (0.33)* | 3.43(0.33) 4.24 (0.38)* <2 5.98 (0.44)® 2.45 (0.41) presence
13 6.26 (0.40) | 6.25 (0.59)* <2 <1 <2 5.78 (0.21)? 1.45 (0.22)2 presence
16 6.03 (0.25)* | 6.11 (0.31)? <2 <1 <2 5.57 (0.25)? presence absence
20 6.01 (0.60)* | 6.09 (0.33)? <2 <1 <2 5.20 (0.20)? absence absence
27 5.98 (0.25)* | 5.96 (0.47)? <2 <1 <2 5.32 (0.32)* absence absence
Addition of Mentha sp.
0 6.77 (0.41)* [2.60 (0.42)®] 3.90 (0.52) 5.41 (0.42)° 3.34(0.33)* [1.84(0.20)°|  4.03(0.34) 4.24 (0.14)?
1 7.03 (0.22)* | 4.90 (0.38)° | 3.84 (0.36)? 6.39 (0.52) 4.73 (0.42)® | 3.60 (0.23)° 4.80 (0.41)* 5.50 (0.18)°
3 6.95 (0.30)* | 5.56 (0.18)? <2 6.36 (0.33)® 3.57 (0.44)° | 5.95 (0.33)? 6.13 (0.25)° 4.67 (0.32)°
6 7.11 (0.52)* | 6.69 (0.33) <2 5.33 (0.47) <2 6.91 (0.34) 3.07 (0.33)* presence
9 6.78 (0.49)® | 6.95 (0.54) <2 4,97 (0.59)° <2 5.30 (0.58)* 2.05 (0.24) presence
13 6.76 (0.35)? | 6.51 (0.42)* <2 4.04 (0.31)? <2 6.01 (0.32)* 2.38 (0.15)° presence
16 6.38 (0.38) | 6.36 (0.33) <2 2.01 (0.25) <2 5.78 (0.42)* 1.30 (0.20) absence
20 6.12 (0.46)* | 6.19 (0.20) <2 2.56 (0.31) <2 5.79 (0.47)® absence absence
27 6.10 (0.44)® | 6.09 (0.45) <2 2.98 (0.17) <2 5.77 (0.44) absence absence
Addition of T. citriodorus
0 6.84 (0.44)* | 2.27 (0.45)* | 3.77 (0.42) 5.34 (0.42)* 3.39 (0.25)* | 2.81(0.42)* 4.22 (0.20) 4.05 (0.25)
1 7.46 (0.20)° [5.17 (0.25)" | 3.90 (0.25) 6.92 (0.37)° 5.25 (0.42)° | 3.84(0.25)° |  5.15 (0.31)® 6.12 (0.42)°
3 7.34 (0.18)* | 6.86 (0.33)° | 3.03 (0.37)? 6.21 (0.25)° 3.00 (0.24)® | 7.21 (0.51)° 6.13 (0.42)° 5.65 (0.26)*
6 7.68 (0.33) | 7.77 (0.45)° <2 4.36 (0.42)° <2 7.36 (0.44)® 4.39(0.18)° presence
9 6.90 (0.28)° | 6.90 (0.25) <2 3.34 (0.64)* <2 6.39 (0.49)° presence presence
13 6.45 (0.5)* | 6.46 (0.36)* <2 3.77 (0.3)? <2 6.13 (0.36)* presence absence
16 6.49 (0.22)° | 6.46 (0.12)* <2 <1 <2 6.13 (0.45)* presence absence
20 6.17 (0.41)* | 6.19 (0.42) <2 <1 <2 6.01 (0.45)° absence absence
27 5.91 (0.25)? | 6.00 (0.52)2 <2 <1 <2 5.77 (0.20)* absence absence
Addition of A. sativum
0 6.90 (0.42)? | 3.07 (0.32)° | 3.84 (0.52) 5.00 (0.28)* 3.39 (0.25)% | 1.77 (0.25)° 4.20 (0.22)* 4.19 (0.22)
1 7.36 (0.50)? | 5.79 (0.22)° | 3.90 (0.38)* 6.77 (0.42)2 4,54 (0.36)* | 3.77 (0.36)° 4.57 (0.32)? 5.96 (0.21)°
3 7.11 (0.36)* | 6.71 (0.52)° | 1.77 (0.45)° 6.19 (0.41)® 3.77 (0.42)° |6.47 (0.52)* 4.90 (0.27) 4.67 (0.32)°
6 7.91 (0.38)% | 8.02 (0.44)° <2 4.60 (0.63)* 2.85(0.52)* | 7.97 (0.44)° 3.00 (0.24)* 3.07 (0.41)
9 7.36 (0.52)° | 7.04 (0.23)? <2 4.43 (0.52)° <2 7.26 (0.60)° presence absence
13 6.26 (0.24)* | 6.14 (0.50)? <2 4.21 (0.47)* <2 6.16 (0.20)* presence absence
16 5.98 (0.60)® | 6.00 (0.42)? <2 <1 <2 5.89 (0.28)? presence absence
20 6.21 (0.24)* | 6.19 (0.33)? <2 <1 <2 5.95 (0.36)° absence absence
27 6.60 (0.20)° | 6.61 (0.22)* <2 <1 <2 6.51 (0.24)° absence absence

TAMC: Total Aerobic Mesophilic Count; LAB: Lactic Acid Bacteria
microbial population are presented in log CFU/mL, standard deviation is given in parenthesis

in each column, different superscript letters (a, b, ¢ and d) denote significant differences (P<0.05) between the different treatments (without
addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) during spontaneous radish root fermentation in brine at 20 °C.

Table 4: Evolution of total aerobic mesophilic count, lactic acid bacteria, enterococci, pseudomonads, Enterobacteriaceae, yeasts/molds, L.
monocytogenes and E. coli O15:H7 during spontaneous radish root fermentation at 20 °C, with or without the addition of herbs and inoculated
with 6 log CFU/mL of the pathogens.

Time (days))] TAMC | LAB  |pseudomonads|Enterobacteriaceae] Yeastssmolds| enterococci |L. monocytogenes|E. coli O157:H7
Without any herb
0 6.50 (0.33)* 7| 3.51 (0.42)*Y| 3.25(0.35)%" | 5.75(0.35)%" |3.39 (0.47)*"| 1.80 (0.21)*"| 5.77 (0.24)° 6.14 (0.20)
1 6.54 (0.42)"" | 5.60 (0.36)*Y | 3.00 (0.42)*" | 6.47 (0.28)*" |3.30 (0.36)*Y |4.12 (0.41"| 656 (0.31F | 6.59 (0.35)°
3 7.07 (0.35) | 7.07 (0.18)" <2 4.47 (0.36)7 <2 6.04 (0.25)°"| 569 (0.22)° presence
6 7.90 (0.52)® 7| 8.03 (0.25)7 " 2 <1 2 6.86 (0.33)® 7 3.30 (0.27)° presence
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9 6.77 (0.20)>"| 7.14 (0.29)*" <2 <1 <2 7.02 (0.34)*Y| 2.79(0.10)* absence
13 6.78 (0.58)*"[7.00 (0.36)* " <2 <1 <2 6.07 (0.52)>" absence absence
16 6.68 (0.42)* "] 6.62 (0.42)*" <2 <1 <2 6.23 (0.42)>" absence absence
Addition of Mentha sp.
0 6.23 (0.60)*" | 2.68 (0.34)>"| 3.30 (0.41)*" 5.56 (0.32)>"  |3.60 (0.40)*"[2.07 (0.20)®"|  5.84 (0.31)* 6.14 (0.31)*
1 6.46 (0.52)" | 4.87 (0.25)>"| 3.29 (0.36)>" 6.32(0.38)>"  |3.60 (0.33)™7[4.56 (0.35)Y|  6.89 (0.25)* 7.13 (0.28)*
3 6.25 (0.42)>"|6.00 (0.53)" " <2 3.44 (0.42)>Y <2 5.80 (0.25)>"|  5.47 (0.35) presence
6 7.30 (0.36)*>"| 7.46 (0.49)*" <2 <1 <2 6.60 (0.42)>"|  4.32 (0.44)° presence
9 7.54 (0.35)>"|7.62 (0.44)*" <2 <1 <2 7.47 (0.60)*Y| 2.55(0.32)° absence
13 7.43 (0.52)>"|7.53 (0.21)*Y <2 <1 <2 5.00 (0.24)>Y absence absence
16 7.36 (0.40)*Y|6.90 (0.37)>" <2 <1 <2 4.47 (0.35)>Y absence absence
Addition of T. citriodorus
0 6.18 (0.34)>" | 2.54 (0.33)>"| 3.28 (0.54)" 5.21(0.24)*"  |3.12 (0.54)*"[2.34 (0.35)*>"|  5.84 (0.18)* 6.16 (0.14)?
1 6.28 (0.52)*Y|5.97 (0.42)*Y| 3.33(0.47)*" 6.42 (0.44)>"  [3.90 (0.23)*Y[4.69 (0.45)*>Y|  6.65 (0.32)* 6.39 (0.22)*
3 6.65 (0.32)*Y(6.77 (0.33)*"| 2.69 (0.32)*" 3.89 (0.38)®Y <2 5.65 (0.52)*Y| 5.84(0.32) 3.30 (0.08)?
6 7.88 (0.54)* " 7.83 (0.52)*" <2 <1 <2 7.55(0.45)>"| 5.18(0.31)° presence
9 7.56 (0.25)>Y|7.60 (0.41)*" <2 <1 <2 7.38(0.60)>"|  3.47(0.30)° absence
13 6.68 (0.62)* "| 6.49 (0.42)>" <2 <1 <2 5.69 (0.24)" absence absence
16 7.46 (0.50)*¥|6.41 (0.28)>" <2 <1 <2 5.14 (0.35)>Y absence absence
Addition of A. sativum
0 6.77 (0.32)>"| 4.09 (0.25)*Y| 3.05(0.36)*" 5.36 (0.52)>"  [3.60 (0.47)*"[2.63 (0.42)>Y| 5.84 (0.24) 5.80 (0.34)
1 6.32 (0.24)*Y |5.26 (0.25)®"| 3.84 (0.47)>" 6.35(0.37)>"  |3.60 (0.45)®Y|5.12 (0.51)>Y|  7.10(0.42)? 5.95 (0.12)°
3 6.62 (0.52)*"6.47 (0.14)* " 2.25 (0.42)*" 4.48 (0.42)*Y <2 6.12 (0.15)>"|  4.79 (0.25)° 3.30 (0.28)*
6 7.99 (0.25)>"|7.94 (0.33)*" <2 <1 <2 7.77 (0.60)> " presence presence
9 6.53 (0.48)>"|6.63 (0.21)>" <2 <1 <2 6.78 (0.25)>" absence absence
13 6.44 (0.36)>"| 6.30 (0.44)>" <2 <1 <2 5.30 (0.25)™Y absence absence
16 6.16 (0.21)>"[6.17 (0.41)*" <2 <1 <2 5.95 (0.58)%®:" absence absence

TAMC: Total Aerobic Mesophilic Count; LAB: Lactic Acid Bacteria

microbial population are presented in log CFU/mL, standard deviation is given in parenthesis

in each column, different superscript letters (a, b, ¢ and d) denote significant differences (P<0.05) between the different treatments (without
addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) during spontaneous radish root fermentation in brine at 20 °C.

in each column, different superscript letters (y or n) denote significant differences (P<0.05; y: detection of statistically significant differences;
n: no detection of statistically significant differences) between the different inoculum level (4 or 6 log CFU/mL) of the same treatments
(without addition of herbs, addition of Mentha sp., T. citriodorus or A. sativum) during spontaneous radish root fermentation in brine at 20 °C

Discussion

The outcome of spontaneous fermentations is determined by
the environmental conditions such as salt concentration and
temperature as well as the indigenous microbial populations
of the raw materials. Lactic acid bacteria usually constitute
only a minor portion of the initial microecosystem but tend to
prevail due to their metabolic capacity °l. During this study,
pH and TTA were continuously monitored as quality
parameters depicting the fermentation process. Moreover, the
composition of the lactic acid bacteria microbiota during the
final day of fermentation was also assessed. Spontaneous
fermentation of R. sativus roots at 20 °C is usually completed
after 11 to 17 days 23, This was also the case in the present
study suggesting that the amount of the aromatic plants added
and the population of the pathogens inoculated had no effect
on the outcome of the fermentation. Indeed, similar
conclusion was drawn by Paramithiotis et al. 281 when L.
monocytogenes and Salmonella Typhimurium were added
from the beginning of spontaneous cauliflower fermentation.
Furthermore, dominance of Lb. plantarum ensured that the
fermentation was not diverted. Lb. plantarum is generally
characterized by the ability to rapidly adapt to dynamic
environmental conditions % and therefore it is very often
reported to dominate such fermentations [ 30 31 As far as
acidity development was concerned, it was slower when the
pathogens were inoculated at 4 log CFU/g compared to the
respective at 6 log CFU/g pathogen inoculum level. This may
be either due to differences in the composition of the LAB
microecosystem before Lb. plantarum dominance or to the
higher pathogen inoculum itself. Indeed, both pathogens are
capable of catabolizing carbohydrates to organic acids
affecting thus acidity development B2 31 especially in the
early stages of fermentation. Concomitantly, the delayed
inactivation  particularly of  Enterobacteriaceae  and
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secondarily of pseudomonads may be due to this slower
acidity development and a transient induction of acid
tolerance response B4, The inoculum size affected the
survival of the pathogen. Indeed, when the pathogens were
inoculated at 4 log CFU/mL, a longer fermentation time was
required until they were undetectable by selective enrichment.
Similar effect was also observed by Cho et al. B during
radish kimchi fermentation inoculated with E. coli O157:H7
and cabbage kimchi fermentation inoculated with L.
monocytogenes. This effect has been extensively studied,
especially when the minimum inhibitory concentration of
inhibitory compounds or when growth/no growth interface
under specified conditions were assessed [6-%1  Several
explanations have been offered in order to clarify the so-
called inoculum effect; some of them may be generally
applied B9 while others may refer only to specific levels of
inocula (041 However, this effect was not further assessed in
the present study, and thus it is not clear whether it is due to
the slower acidity development or to the inoculum effect
mentioned above.

Radish roots are a natural source of various polyphenols,
mainly belonging to phenolic acids and flavonoids % 4. Both
groups of compounds are usually found in plant sources in the
form of glycosides [“2. Water extracts of radish roots have
been reported to be rich in catechin and sinapic acid
therefore, release of such water-soluble compounds in the
brine during radish root fermentation is possible. Indeed, Jing
et al. [ reported the detection of 4-hydroxybenzoic, gentisic,
vanillic, syringic, p-coumaric, ferulic, sinapic and salicylic
acids, as well as flavonoids, mainly kaempherol derivatives
and anthocyanins in red radish brines during lactic acid
fermentation.

Total phenolic content in radish brine is associated to the
polyphenolic content and composition of the initial source.
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Jing et al. 3 reported that TPC in radish brine remained
between 206208 pg/mL throughout the 14 days of
fermentation, indicating that changes in total phenolics were
not significant. On the contrary, a gradual and significant
increase in TPC was observed in the present study; TPC at the
end of fermentation was 5 to 6 times higher than the
respective original. This gradual increase of TPC in brine
could be the result either of their controlled extraction from
the initial plant material or of their glycosides’ hydrolysis, due
to the decrease of the pH value, which leads to the releasing
of the hydroxyl groups of aromatic rings, which can enhance
quantitatively the phenolic compounds based to the
complexation method used for their determination.

Mint and lemon thyme are also well known natural sources of
phenolic compounds. Methanolic extracts of six Mentha
species have been reported to contain phenolics ranged from
14.66 to 43.21 mg Gallic Acid Equivalent per g of dry
material [“4. Among the studied mint species, M. aguatica, M.
arvensis and M. piperita have been reported as the richest.
TPC in water extract of M. piperita was estimated at 40.7 mg
GAE/qg, with ferulic, hesperidin, ellagic acid, and sinapic acid
being the major compounds 1. Regarding lemon thyme, the
phenolic composition of its ethanolic extract has been found
to be rich in rosmarinic acid and in luteolin-7-O-a-
glucuronide. Its phenolic profile also contained derivatives of
the flavones luteolin, chrysoeriol and apigenin, the flavanones
eriodictyol and naringenin and the flavonol quercetagetin,
which consisted about the 7.5 mg/g of dried plant 1€,

Garlic, by means of bulbs of mature plants, is well known for
its volatile organosulfur compounds, rather than its phenolic
composition. TPC in methanolic extracts of mature garlic
bulbs has been quantified at 0.18 mg GAE/g, while total
flavonoids at 5.78 ug QE/g [*71.

Taking into account the above mentioned phenolic
composition of mint, lemon thyme, and garlic, it could be
expected that their phenolic bulk could contribute to the total
phenolic content of the radish brine. This was particularly
evident in the case of T. citriodorus addition but only during
fermentation when the pathogen inoculum level was 4 log
CFU/g. However, no particular trend could be identified, thus
the statistically significant differences that were observed
could be assigned to the artisanal nature of the fermentation
and more precisely to the uncontrolled quality of the raw
materials used.

Regarding the effect of herbs on the fermentation or the
survival of the pathogens, no definite conclusions could be
drawn since the statistically significant differences that were
observed could be characterized as occasional and assigned to
the spontaneous nature of the fermentation.

Conclusions

The addition of herbs into the brine, at least in the amount
used, had no negative effect on radish root spontaneous
fermentation. From a safety perspective, prolongation of the
fermentation time may be advised for effective inactivation of
L. monocytogenes and E. coli O157:H7.
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