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ABSTRACT

Natural fermented pickled vegetables were traddiofood in Sichuan province about thrdeusand years ago.
Microbial communities and chemical constituentsarhe pickled vegetable samples with different fetedeperiod
which collected from Chengdu area had been invatgtid) The results showed as following: firstlyasts that
belonged to genus Lactobacillus and Leuconostocewbe main groups in all samples by the traditional
fermentation process; all samples have been pallbte strains that belonged to Enterobacteriaceaa twertain
extent. Secondly, the biogenic amines and nitdtgent in pickled vegetable sample with 10 yearadated period
were the highest among all samples; Thirdly, comnigirwith pickled vegetable’s taste and food safety,believe
that the natural pickled vegetables which is noklgd too long may be better for human’s health.
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INTRODUCTION

As traditional natural fermented food, Sichuan f@dkvegetable has a long history of over 3000 yd2esause of
its crisp, refreshing and as appetizer, Sichuaklgucvegetable has been loved by people. Traditi®ehuan
pickled vegetables were soaked by fresh vegetalmestly usingbrine to pickle, fermented by lactic acid bacteria
from natural environment, and accompanied by alcahd acetic acid fermentation [1, 2]. In the psxef soaking,
in order to make Sichuan pickles have the unigareofl and taste, pickled vegetable water is irregdate. Pickled
vegetable water is usually rich in the probioticattmay help to support the intestinal microfloedance of human
beings, andcan cure infantile diarrhea, promoting the functminstomach in children [3]. In recent years, the
researchers have screened probiotics from picldgétables to develop probiotic foods.

Compared to other vegetable processing, afterdtraentation by lactic acid bacteria, Sichuan pidiktegetables
are rich in minerals, vitamins, carbohydrates, an@nids, protein, fat and other nutrients. What&ren it contain
lots of active lactic acid bacteria, which can atljthe human intestinal micro-ecological balancgenmting the
absorption of nutrients. In the spontaneous feratemt process of making Sichuan pickled vegetalalkesg with
seasonal vegetables are soaked and nutritional auenps dissolve into the brine, these nutrients mavide
conditions for microbial growth and metabolism, atheé soak vegetables show different quality acomydio
different fermentation period. The quality contadlpickled vegetables is mainly based on its sgnaosma, color,
morphology and physicochemical required paramédtrsh as pH, salinity) to evaluate [4]. In this esiment, we
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attempt to investigate microbial community and cleaiconstituents of soaked pickled vegetables wifferent
fermentation period and provide a consult for Heatif Sichuan pickled vegetables.

EXPERIMENTAL SECTION

Traditional fermented pickled vegetable water samps preparation

The pickled vegetable water samples were colleétech several farmhouses in Chengdu, which have been
fermented for 1 years, 5 years and 10 years raspbcby soaked vegetables, the corresponding marks of sampl
for different period are SC1, SC5 and SC10.

DNA extraction and MiSeq sequencing of 16S rRNA genamplicons
Total DNA of samples was extracted using a metha¥ipusly described [5] and its quality was checlksithg a
NanoDrop Spectrophotometer. Extracted DNA was @idub 10 ngiL and stored at —20 °C for downstream use.

PCR amplification was conducted with primers 5158-GTGCCAGCMGCCGCGGTAA-3 and 806R
(5-GGACTACHVGGGTWTCTAAT-3) designed to be universal for bacteria V4 regiori6S rRNA gene [6]. In
order to minimize PCR bias, two PCR reactions veeteup for each sample, and the PCR products irefiiecate
reactions were pooled. The details in PCR andeélarocedures were described previously [7]. Theliaoms
from each sample were pooled with an equimolar eotration and sequencing with an lllumina Miseqteys
(Ilumina Inc., San Diego, CA).

All sequence reads were trimmed and assigned tossauople based on their barcodes. Multiple stepe vegjuired
to trim the sequences by using QIIME Pipeline-\@rsil.7.0 (http://giime.org/tutorials/tutorial.htmlyuch as
removal of sequences less than 220 bp. The alij8dRNA gene sequences were used for a chimeck ciséng
the Uchime algorithm [8], sequences were clusténéal operational taxonomic units (OTUs) at a 97%niity
threshold. Taxonomy was assigned using the RibosDatabase Project classifier [9]. The phylogenaffdiation

of each sequence was analyzed by Ribosomal Dat&bvagect (RDP) Classifier at a confidence leveB6%6. To
assure the accuracy of RDP Classifier resultsrepeesentative sequences of dominant bacteria wageced to
BLAST homology search against the non-environmesggluences and non-metagenomes in the NCBI Nubdeoti
Database (http://blast.ncbi.nim.nih.gov).

Biogenic amines, nitrite and physicochemical indidars (salinity, sugar content and pH)

The concentration of biogenic amines in samples dedisrmined using acid extraction according to iBear[10],
followed by the dansyl chloride derivatization réae according to Dugo et al. [11] with slight médations.
Samples were detected and quantified by reverssephah performance liquid chromatography (mode)0]1
Agilent Technologies, Santa Clara, CA) accordin@tmo et al [11].

Nitrite content of pickled vegetable water was deiaed using a colorimetric nitrite assay as désatiby Yan et al
[12].

pH was measured using a micro computerized pH m@teon 2001 (Crison Barcelona, Spain), inserting t
electrode directly in the pickled vegetable wagurgar content (mainly glucose and sucrose) was ureshsvith
Brix spindke and the analysis of salt content usirggclassical Mohr's method titration procedur@.[1

The aromatic compounds of pickled vegetable water

The extraction of volatiles was carried out acaogdio Qian and Reineccius [14] with some modifmasi. Briefly,

pickled vegetable water samples (0.1mL) with déf@rfermented period were exactly added into a feddspace
bottle. After the equilibrium time of 15 min, the®?BIE fiber was exposed to the headspace of pickézpbtable
water samples for the extraction time (45min) at élxtraction temperature (60 °C), and then the SHbHE was

desorbed into the injection port at 250 °C in gt mode (2—-3min).

Samples were analyzed in triplicate on a Trace Gitaldas chromatograph-DSID mass spectrometer (Thermo
Electron Corp.) equipped with a TR-5MS capillaryuron (30.0 mx0.25 mm i.d., 0.28n film thickness; Thermo
Electron Corp.). Gas chromatographic analyses werlmrmed under the following conditions: an inktperature
of 250°C, splitless mode, and a helium (purity: 99.999%rier gas flow of 1mL mih The oven was temperature
programmed from 40 °C (5 min) to 220 °C (5 mink&C min™.

Mass spectrometric conditions: the transfer lind amization source were thermostated at 250 °C 201l °C,
respectively. Mass spectra were recorded in eledétnpact (EI) mode at 70 eV within the'zrange 40-500.
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\olatile compounds were identified by comparingitheass spectrum with the NIST2005 library database
Quantitative data were obtained by calculatingpbak areas of mass spectrum in relation to theteofS.

RESULTS AND DISCUSSION

The constitution of bacteria in pickled vegetableamples with different pickled period

The most abundant families wekactobacillaceag LeuconostocaceadnterobacteriaceaePseudomonadaceae
and the familyLactobacillaceaewas prominent among all samples (Fig. 1). As thestmabundant family, the
relative abundance of familyactobacillaceagn samples SC1 pickled for 1 year and samples S@dded for 10
years were 19.28% and 79.43%, respectively. IntimaigLeuconostocaceasccounted for 4.98% of total bacteria in
SC1, and decreased to 0.25% and 0.08% in SC5 add), S€spectively. However, the relative proportioin
Enterobacteriaceaén SC10 (8.66%) was more higher than SC5 (6.4684d) @C1 (0.08%), suggesting that SC10
may had been polluted more seriously than otheplnjl5, 22].
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Fig. 1 Prokaryotic community structure at family level in pickled cabbage water

At genus level, no matter the difference of samggsentation period, genusactobacilluswas always the main
group in the structure of the microbial communifyg( 2), this was corresponded to some reports taBmiuan
pickled vegetables [19]. In addition, population ggneralLeuconostocand Pediococcusdecreased significantly
along with duration of pickled vegetables, from@®and 1.25% of samples SC1 to 0.07% and 0.02%ropkes
SC10. This may because theuconostogrowth can be affected by pickled cabbage rawssmrées, temperature
and salinity [16, 17]. On the other hand, much bigproportion of genukactobacilluswas detected in pickled
vegetable water: 11.24% in samples SC1, 52.54%rpkes SC10, which is consistent with some reghesonly
after Leuconostocstarted with pickled vegetable fermentation [18], Tould Lactobacillusactually become the
predominant genera with the accumulation of fer@ugom metabolites, probably due to its distincttdeas of high
acid tolerance as well as high production of laatic [20].

In samples SC5, the relative abundance of famégtobacillaceaewas 2.73%, and its genlsctobacilluswas
1.89%. The lower abundance of familgctobacillaceagn comparison with SC1 and SC10 may be due toahe r
materials which were not cleaned thoroughly, thgidwic condition of manufacturing process and thetaminant
bacteria in storage space.
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Fig. 2 Prokaryotic community structure at genera leel in pickled cabbage water

Analysis of biogenic amines

Tablel Regression equation, Rand detection limit of biogenic amine were detecteby HPLC

Biogenic amine  Regression equation 2R Detection limit (mg/L)

SPD Y=106X+545 0.9104 0.050
PU Y=676X+741 0.9974 0.010
CA Y=164X+444 0.9976 0.011
HI Y=559X+199 0.9957 0.010

SPM Y=29X+128 0.9977 0.019

SPD: spermidine; PU: putrescine; CA: cadaverine; Histamine; SPM: spermine

The peak area of 5 biogenic amines and their qooreting concentration showed a linear relationghiplinear
range of 0.1-10 mg/L; putrescine, cadaverine, migta and spermine were less than 0.99, spermidiiérvd.9
(Table 1); signal to noise ratio (S/N) was 3:1, ltheest detection limit was 0.010 mg/L.

Table 2 Concentration of BA in pickled vegetablesnig/L)

Biogenic amine  (mg/L) SC1 SC5 SC10

SPD 1393 0.199 ND
PU 1.137 0.657 0.924
CA ND  1.485 4.386
HI ND  0.203 0.319

SPM ND 0516 1.865

SPD: spermidine; PU: putrescine; CA: cadaverine; histamine; SPM: spermine
ND, Not determined, as biogenic amine was belovdétection limit

The types and concentration of biogenic aminesfferdnt samples are distinguishing (Fig. 3; TaBjeAmong 5
kinds of biogenic amines which have been testetfwaine and histamine showed increased concentraith the
duration of pickled vegetables. In samples SC10chvihad been pickled for 10 years, the cadaveroment
reached 4.386 mg/L. Furthermore, its total amouwffitsiogenic amine were the highest (7.494 mg/Lnparing
with samples SC1 and SC5. The content of cadaves@eens to be strongly linked to some bacteria (|agh
Enterobacteriy, as reported Latorre-Moratalla [21] and Bover-@2@] who showed thaEnterobacteriaare the
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main factor responsible for cadaverine formatioasiBes, the type and concentration of sugar (mahilygose and
sucrose) were useful for reducing cadaverine [ZBErefore, the largest proportion Bhterobacteriaamong all
samples was observed in SC10 (Fig. 1, Table 2eTahl

Fig.3 shows biogenic amines’ HPLC chromatogram inipkled vegetables and its concentrations are listed Table 2
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Fig. 3 HPLC chromatograms of pickled vegetable watel.spermidine; 2.putrescine; 3.cadaverine; 4.hisimine; 5.spermine.

Analysis of physicochemical parameters

Table3 Physicochemical parameters of pickled vegdike water

Samples pH  Sugar (% w/w) NaCl (% w/v) Nitrite (mg/L)

SC1 4.10 4.13 9.06 0.232
SC5 3.98 3.91 7.01 0.177
SC10 3.84 2.22 11.28 0.235

The samples’ pH valusugar content anshlinity have been tested, and the results arersiWable 3, pH value is
lower with longer period of pickled vegetables. ity of samples SC1 and SC5 were 9.06% and 7.01%
respectively, but concentration of NaCl of SC10 @wa28%. Combining with prokaryotic microbial commity of
these samples (Figs. 1,2), we find that the higicentration of NaCl may has certain antibacterffgice and it is
the same as previous reports [24]. All these ressiiggested that halo-tolerant and acid-resistegins of genus
Lactobacillushad dominated in sample SC10. In addition, thét@iconcentration in pickled vegetables were very
low, and lower than the Chinese national standardiofod [25]. What's more, the concentration ofitétand salt in
SC5 is the lowest (Table 3), which is in agreenveith previous reports that during the process okinm pickled
vegetables, the producing of nitrite was inhibieftectively with treatment of low content of sak6], so lower
content of sodium chloride could restrain genegptih nitrite. Besides, the concentration of biogeamines and
nitrite content in SC10 were the highest among sesnfTable2; Table3).

Characterization of the volatile composition of pi&led vegetable water
The SPME GC-MS method was applied to the charaetion of pickled vegetable water samples. Percent
guantitative data for a total of 52 volatiles idéetl in all samples under study are listed in €adl

Volatile compounds have a great influence on thedit of pickled vegetables. From Table 4, all s@®siave lots
of volatile compounds, samples SC1,SC5 and SC18 haen identified with 39, 29 and 27 aromatic counuis
(including the same 13 kinds of aromatic compoumdspectively. Sample SC1 have 9 alcohols, 15 @rgaids, 4
esters, and 4 aldehydes; Sample SC5 also haveBotdc 7 organic acids, 4 esters and 2 aldehydmspe SC10
have 11 alcohols, 4 organic acids, 4 esters, lhgtkeeand 1 ketone. Table 5 shows that the shoftperod for
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vegetable pickling, the more volatile compoundsdpiced. But the longer for pickling, the ratio ofa@hols, organic
acids and esters were higher.

Table 4 Volatile composition and contents in picklé vegetable water

no. Compound Relative data (%)
SC1 SC5 sCi0

1  3-methyl-1-butanol 1.83 0.292.06

2  cineole - 0.29 0.79
3 3-methyl-1-pentanol 099 0.12 0.13
4 hexyl alcohol 0.32 0.04 0.12
5  1-isopropyl-2-methylbenzene - 0.05 0.03
6 1-nonanal 0.58 0.08 -

7  ethyl lactate 0.8 055 0.92
8  3-hydroxy-2-butanone - - 0.08
9 acetic acid 7.14 2.08 -
10 dodecyl aldehyde 0.23 - -
11  3-methyl-2-heptanol - - 0.12
12  benzaldehyde 0.31 - -
13 linalool 0.88 228 0.95
14  2-ethylhexanol 0.08 - 0.11
15 isobutyric acid 0.69 0.05 0.52
16  o,4-dimethyl-3-cyclohexene -1- aldehyde 0.24 0.290.11

17  2(2-ethoxyethoxy)ethanol 0.42 - -
18 4-carvomenthenol - 252 131
19  butyric acid 1.17 0.15 -

20  2-methyl butyric acid 4.56 - -
21  3-methylthiopropanol 0.15 - -
22 benzyl acetate 0.03 - -
23 thymol - 282 198
24 benzyl alcohol 242 074 059
25  valeric acid 0.34 - -
26  ethanol 20.28 5.04 8.69
27  methyl salicylate 0.74 - -
28  3- hydroxy -4- methoxy toluene 0.38 04 210.
29  4-methyloctanoic acid 4.37 - -
30 hexanoic acid 1.0 - -
31 oa-amylsy-butyrolactone - - 0.3
32  guaiacol 0.38 - -
33  phenol 0.3 0.13 -

34  terpin monohydrate - 0.84 0.87
35  2-methoxy-4-propyl-Phenol - 2.05 0.16
36  4-ethylphenol - 136 0.81
37  2-methyl-2-pentenoic acid 291 - -
38  2,4-di-tert-butylphenol 0.15 0.15 0.05
39 decanoic acid 0.41 0.29 -
40 benzoic acid 858 0.11 0.12
41 cyclopentadecanol 1.02 - -
42 methyl oleate - 0.09 0.68
43 lauric acid 0.11 0.1 0.02
44 diisobutyl phthalate - 0.14 0.05
45 3-phenyl-1-propanol 0.07 - -
46 octanoic acid 0.26 - -
a7 palmitic acid 0.72 011 0.12
48  nonanoic acid 0.38 - -
49 sorbic acid 3.57 - -
50 dibutyl phthalate - 0.12 -
51 dehydroacetic acid 5.87 - -
52 dimethyl phthalate 0.15 - -

#The data were the mean value of triplicate measergsy and calculated on the basis of peak area

-: Not determined or peak area of <0.01%

All samples contained volatile compounds linal@thy! lactateanda, 4-dimethyl-3- cyclohexene-1-aldehyde, these
compounds were the main flavors in Sichuan pickiegetables [27]. However, we haven't detected sulfu
compounds in Sichuan pickled vegetables, whichmaism substance contributed to Korean kimchi's ftafa8, 29,

30]. This difference of flavors may be caused ke different procesand pickled materials of these food. The other
reasons due to specific geographical environme8tdhuan.
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CONCLUSION

Sichuan traditional pickled vegetables are popidemented foods in southwest of China. Bacteriahiwmnity and
chemical constituents produced during natural fetnprocess have effect on quality of pickled veplets and
health of people. This investigation suggested:Tl¢ strains of genukactobacillusand Leuconostoare main
groups in traditional fermented pickled vegetablgih the extension of the pickling time, gerliectobacilluswill
be dominant. (2) The longer period for vegetabliegkling, the concentration of biogenic amines aiitdita were
higher, because nitrosamines, biogenic amines dritk rcan generate carcinogengn long-term consumption of
pickled vegetables soaked for many years may leddin harm to human health. (3) Considering thibledafety
and tasted favor of pickled vegetables, we belthaéthe pickled vegetables should not pickleddoag time.
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