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ABSTRACT

Lactic acid bacteria (LAB) carrying malolactic feemtation (MLF) have an important effect on the dyabf red

wines. The object was to study LAB biodiversity serden the strains with the high malo-lactic eneyaativites as
oenological starter cultures in MLF. A total of 63B strains were isolated from Yuegiannian dry wade samples
in the fermenter (Changli region). On the basisrafrphological observation and physiological assdks, coccis
(51 strains) and rods (9 strains) were respectivapfirmed as Oenococcus and Lactobacillus. 16SARéhuence
analyses were used to identify C10, J2, J5 and MitEIns to species level. The strains were blaste@enBank,
C10, J2, J5 strains were identified as Oenococaers,cand MJ12 was identified as Lactobacillus vifine 30
isolates were grouped into seven different genatgbe0% similarity by means of randomly amplifgedymorphic

DNA (RAPD), indicating a high genetic diversity @&nococcus spp. In addition, alcohol and acidiastasice

experiments for the strains showed that O. oenC4f. and O. oeni sp. J2 has the capability of gngwin wine-like
conditions [pH 3.0; ethanol concentration of 14%v{}. Moreover, the two strains could conduct MiaRd malic

acid degradation rate was 430.625 mg/(L-day) an®34 mg/(L-day), respectively. Therefore, O. opniGL0 and
0. oeni sp. J2 can be envisaged as starter cultioreBILF in red wines.
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INTRODUCTION

Malolactic fermentation (MLF) in wine is a secongldermentation that usually occurs at the end cblablic
fermentation by yeasts, although it sometimes cc@arlier. Malate is decarboxylated to lactate jotactic
enzyme of lactic acid bacteria (LAB). LAB existstunally on grapes [1] and in wineries [2]. Somedes of LAB
associated with MLF play an important role in wirakimg, because with the conversion of malate ttatacand
carbon dioxide during MLF [3], total acidity is l@ned, the biological stability is improved and thrganoleptic
properties of the wines are modified [4]. In higtidity wines produced in cool-climate regions sashChangli
County (119°0%, 39°43N), lowering acidity by MLF has been proven to baesaful and indispensable way. MLF
can occur spontaneously in wines, but it startsl@arly and is difficult to control. Therefore, winakers recently
used LAB starter cultures to induce MLF in wine.wéwer, induction of MLF by inoculation with commaality
available strains is not always successful, forltheteria fail to adapt in a very harsh environnjr] or because
of cellular damage during storage of the commeroialolactic bacteria [3]. Selection of indigenotraisis for wine
inoculation based essentially on the survival inem¢can help solve this problem [5].

LAB appearing in the winemaking process belonghéd_actobacillus LeuconostocOenococcusndPediococcus
genera. The species have been found in grapesandswine are listed:.bobalius L.brevis L.buchnerj L.casej
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L.collinoides L.delbrueckij L.fermentum L.fructivorans L.hilgardii, L.kunkeei L.lindneri, L.mali, L.nagelii
P.parvulus P.pentosaceyd.euc.mesenteroidekeuc.paramesenteroidendO.oeni[1,7-8]. In most case$).oeniis
the only species identified when the fermentatisncompleted owning to their higher tolerance toward
environmental determinants, such as high ethamelldelow pH and temperatures and sulphur dioxid8][ For
this reason, most commercial starter culturestaais ofO.oeni[6].

A complete comprehension of microbial flora in keithe can provide valuable information for futureatity control,
as well as fermentation monitoring. Using indigen@trains as starter cultures can help overcomenhiglems
encountered in MLF as explained above, make fillzation of local microorganism resources, andired wines
with local characteristics. However, at the momlétie is known about the bacterial population efirwines in
Changli County, and the used starter cultures mpoited from France, Sweden and Australia. Thusisekated
LAB in Yuegiannian dry red wine, identified them bheans of both physiological assays and molecetdmiques,
and then screened the most suitable strains asrstattures.

EXPERIMENTAL SECTION

2.1 Wine samples and reagents

As shown in Table 1, all wine samples (produce,d#40.11.27) were obtained from Changli YuegiaagiWinery
Co., Ltd (Changli Region, Northeast of China), @odfirmed to undergo spontaneous MLF by measurth@fthe
wines in winery. Cycloheximide was purchased froign#& (USA). Lysozyme, proteinase K, primer 27Fnpsi
1495R, and primer R2 were purchased from SangorNJCRCR Clean-Up Kit was obtained from Sunbiotech
(CHN). Methanol was of chromatographic grade amddtner reagents were of analytical grade.

Table 1 Wine samples used in the study

Wine samples Code
1 Cabernet Sauvignon C
2 Kyoho J
3 Muscat S

The code indicates the source of the strains.

2.2 |Isolation and cultivation of strains

The isolation was performed respectively by sciatgiwine samples onto the plates of ATB and MRS iomad
ATB medium (pH 4.8) consisted of peptone (1% mghicose (1% m/v), yeast extract (0.5% m/v), MgS®,O
(0.2% m/v), MnSQ@ 4H,0 (0.05% m/v), tomato juice (25% v/v) and agar (8%). MRS medium (pH 6.2) was
made up of peptone (1% m/v), beef extract (1% ngidcose (2% m/v), sodium acetate (0.5% m/v), amomn
citrate dibasic (0.2% m/v), KIPQ, (0.6% m/v), MgSQ@ 7H,0O (0.058% m/v), MnSQ4H,0 (0.025% m/v), tween
80 (0.1% v/v) and agar (2% m/v). Growth of yeasswappressed by adding 50 mg/L cycloheximide taikdia.
The plates were incubated anaerobically at2®r 7 days. Purified cultures were stored on medalants at 4C
or maintained at -8@ in 20 % (v/v) glycerol until identification.

2.3 Preliminary identification

Gram staining and catalase tests were performezhoh isolate. Gram-positive and Catalase-negatiigens were
selected and inoculated in glucose. Paper chromegiby was used to detect lactic acid in glucosméatation
broth, and operated in n-butyl alcohol/acetic agadér (100/25/25 v/v) added with phenol bromophédatoé (0.1 %
m/v). 2 % (v/v) lactic acid was used as the stathdAfter drying, the occurrence of yellow spotstlire sameRf
value indicated lactic acid production as compavéhl the standard.

2.4 Biochemical and physiological assay

The isolates were identified up to genera levebulgh gelatin liquefaction, tryptophan hydroiysidamydrogen
sulfide production tests. The strains were culédain gelatin medium, peptone water medium and kaetate
medium at 2&for 4 days, respectively, then corresponding reactihenomena was observed [10]. Furthermore,
acid and ethanol tolerance abilities were monit@gectrophotometrically by measuring the opticaisity (OD) at
600 nm, after cultivation in ATB broth added wittCHor absolute ethyl alcohol to achieve variousvatues (3.0,
3.2, 3.4) or ethanol concentrations (10%, 12%, 1A% respectively.

2.5 DNA extraction

After growing at 28C in ATB broth for 48 h, the bacterial cells werenlested by centrifugation at 4,000 rpm for
20 min, washed with TE buffer. Genomic DNA extrantiwvas performed by methods described in [11] wittall
modifications. Bacterial pellets were dissolved00 uL of TE buffer (10mM Tris-HCI, 1mM EDTA, pH 8.0) an
50 uL lysozyme solution (50 mg lysozyme in 10D of TE buffer). After incubation at 3 for 4 h, 125uL 2% (v/v)
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sodium dodecyl sulfate (SDS) and gb proteinase K (10 mg/mL) was added. The soluticas wortexed and
successively incubated for 1 h at 87 Afterwards, 65QiL of phenol/chloroform/isoamyl-alcohol (25/24/1 yivas
added for extractions. This mixture was mixed thigfdy and centrifuged for 10 min at 12,000 rpm. Tipper
phase was transferred to a new tube, after whigh&0of trichloromethane was added and the mixture was
centrifuged for 5 min at 12,000 rpm. Nucleic acidsre recovered by addition of 5QQ of isopropanol and
centrifugation for 15 min at 12,000 rpm. The DNAlgewas rinsed with 70% ethanol, air dried, redigsed in 100

uL of TE buffer and stored at -20.

2.6 16S rRNA analysis

Bacterial small subunit rRNA genes were selectiveimplified from purified genomic DNA using the
bacteria-specific forward primers 27F-EGAGTTTGATCCTGGCTCAG-3 corresponding tdescherichia coli
positions 8 to 27) and reverse primer 1495RQBACGGCTACCTTGTTACGA-3 corresponding tde. coli
positions 1514 to 1495) according to Bae et al042(312] and Chen et al. (2008) [13]. The ja5PCR conditions
were: one cycle at 9& for 3 min, 30 cycles of 94C for 1 min, 58°C for 1 min and 72C for 2 min. Final
extension was carried out at T2for 10 min.

The PCR products were purified with a PCR Cleankliifas recommended by the manufacturer, then secaklny
Beijing Sunbiotech Co., Ltd. The resulting sequeneere compared with DNA sequences from the NaltiGeater
for Biotechnology Information (NCBI) database lamhtat http://www.ncbi.nim.nih.gov using BLAST pragmme
[14]. Phylogenetic trees were generated using MEG#&&Hware (version 5.05) and displayed using TREEWI
software.

2.7 RAPD analysis

The PCR protocol proposed by Vigentini et al. (20[1%] was modified. Amplification was carried out a total
volume of 25uL using primer R2 (5SCTGAAGCGGA-3). The initial denaturation was at 9¢ for 3 min, 35
cycles of 94 °C denaturation for 30 s, 36 °C aringafor 30 s and 72 °C elongation for 45 s, finale@sion at
72 °C for 10 min. Amplified products were resoladelectrophoresis on a 1% (w/v) agarose gel inTAk buffer
(40 mM Tris, 20 mM acetic acid, and 1 mM EDTA, pEBat 5 V/cm for 30 min.

RAPD gels were visualized by UV illumination at 284 and photographed with a Zoom Digital Camera [H®,
USA). The patterns were normalized and further @ssed using Quantity One pattern analysis softwackage.
This programme grouped the isolates by the peapsoduct moment correlation coefficient (r) and peried
cluster analysis by the unweighted average paing{@PGMA) method.

2.8 MLF detection

The strains showing high acid and ethanol toleramere inoculated in wine samples without undergdig- at
quantity of 18 CFU/mL. Changes of malic acid and lactic acid wetected by high performance liquid
chromatography (HPLC). The chromatographic condétiavere as followings: Angilent ZORBAX XDB-C18
column (250 mm x 4.6 mm, fpm) used at room temperature; Methanol and wat®&5)5v/v) consisting of 1 %
(m/v) phosphoric acid used as mobile phase at arfidgvof 0.8 mL/min; UV detector wavelength was 2t and
injection volume was 2QL. The peak area response to the concentrationati€ racid (r= 0.9973) and lactic acid
(r=0.9981) was linear over the range 0.15-20 gHli.qgé the wine samples was measured by precisiomyater
(Yidian, Shanghai, CHN).

RESULTSAND DISCUSSION

3.1 Isolation and preliminary identification

Guerrini et al. (2003) [4] demonstrated that a a#rsble heterogeneity exists among isolates franewthus its
adaptability to wine and influence on wine qualitg strain-specific. LAB naturally existing in mustwines may
maintain qualitative and organoleptic charactarssf wine. Therefore, this work was carried outisolation,
identification and characterization of indigenousB_in dry red wine. In the study, a total of 60 @rgositive,
catalase-negative and lactic acid-productive siranere isolated and identified as LAB. Fourteerth®m were
collected from wine sample obtained from Caberrmiv@non grapes, 25 isolates from Kyoho grapesrstfrom
Muscat grapes. In addition, all of them could preallactic acid from glucose, so they were iderdifess LAB. 51
strains mostly growing on ATB medium were coccig @nstrains isolated on MRS medium were rods. Tdteis
and rods could be presumptively discriminated by morphology and color: the former were gray &s$ than
1 mm in diameter, the later was milky white andjéarin size. Both the coccis and the rods werenged in pairs or
a chain.
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3.2 Further identification and tolerance to acid athanol

Further identification of LAB based on phenotypitacacteristics is regarded as time-consuming andell in
terms of both its discriminating ability and acatyd16]. Physiological tests showed that none Higs were able
to liquefy gelatin, degrade tryptophan or produgdrbgen sulfide, but the coccis could grow in 10#&thanol.
According to Dicks et al. (1995) [17] and Bucharetnal. (1984) [18], the coccis and rods were idieti as
Oenococcusand Lactobacillus respectively. With the increased concentratiohetbanol, the OD value radically
diminished down; OD value of C10 strain was 0.40856 and 0.245 at 10%, 12% and 14% of ethanglertively
(Fig. 1). The similar trend could be found afteidazstress treatment (Fig. 2). More specifically, ethanol
concentration of 14%, none strains survived (ODx@xept for the C10 and J2 strains (Fig. 1), méslewthey
had a specific activity to grow at low pH even &@. 2).

I 14%
I 12%
I 10%

0.5

Cl C4 S3 C6 S4 C10 S5 J2 I3 J4 S8 MJ12

Fig. 1. Ethanol tolerancefor partial strains. Srainswere cultured at ethanol concentration of 10, 12 and 14% (v/v), respectively. After
growth for 96 h, ODgqo values wer e measur ed
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Fig. 2. Acid tolerance of partial strains. Srainswere cultured at pH gradient of 3.0, 3.2 and 3.4, respectively. After growth for 96 h, ODsy
values were measured

Ethanol and acid are the inhibiting factors forwgtto of O. oenistrains, and tolerance to them is prerequisite for
starter cultures in MLF. The survey showed Babenisp. C10 and. oenisp.J2 possessed higher survival ability
in wine-like medium than the others. Both of thead la specific activity to grow at low pH even 3lbis behavior
would appear to be due to expression of certagsstgenes [19]and induction of the small heatlspoatein after
adaptation at low pH [5,20] . C10 strain performmter in tolerance of acid for higher @pvalue at pH 3.0.
Contrary to Sico et al. (2008) [21] who reportech@@fO. oeniisolates from Aglianico wines could grow in 14%

139



Kai Liu et al J. Chem. Pharm. Res., 2014, 6(5):136-144

of ethanol,0. oenisp. C10 and. oenisp.J2 could survive in 14% ethanol concentration,dating that alcohol
tolerance appeared to be strain dependent as wldestribed [5,15]. Furthermore, the results shoted the
strains could conduct MLF to increase pH of wingpécially,O. oenisp. C10 had a higher malic acid degradation
rate of 430.625mg/(L-d). On account of such charastics, they had the potential to work as stactdtures for
MLF of dry red wine. Meanwhile further assays swshdiverse enzymatic activities [22], capacity toduce
biogenic amines or resistance to freeze-drying lshioe performed for industrial applications[6,15].

3.3 16S rRNA sequencing

Sequences of C10, J2, J5 and MJ12 strains weneedligheir phylogenetic positions relative to knoseguences
were determined (Fig. 3). The closest phylogenatighbor of C10 and J2 strains waoeni(NC008528.1) with
an identity of 99%. MJ12 was closestltb.vini (AHZA01000512.1) with an identity of 99%. The seqoe of J5

strain showed a relative low similarity @.0eni(NC008528.1) at 87%. In addition, none was congbfetdentical

to any 16S rRNA sequence from GenBank. As repdrietlocker et al. (2004) [23] it was not surprisibgcause
only a relatively small number of bacteria had beequenced and included in databases.

Lactobacillus fructivorans (AEQY01000004.2
Lactobacillus hilgardil (ACGP01000200.1

35 Lactobacillus mafi (BACP01000083.1
29 Pediococcus pentosacéusNC008525.2
26| Lactobacillus caséi (NC 014334.2

| Lactobacillus vinf (AHZA01000512.D
100I M J12 (JQ951093)
99 [ Lactobacillus acidipiscis(BACS01000339.1
70 — Lactobacillus salivarius (AICL01000003.1 )
Lactobacillus rumini§ (NC 015975.1)
Weissella koreensigNC015759.1
Leuconostoc fallaXAEIZ01000004.1
Leuconostomesenteroidesubsp. cremori§¥ACKV01000113.1)
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Fig. 3. Phylogenetic relationships of C10, J2, J5 and M J12 strains based partial 16SrRNA gene sequences

Based on general properties and special inhahitatioLAB, a feasible and reliable protocol was teeato
distinguish LAB in wine samples: the coccis andsrambuld be preliminarily identified akactobacillus and
Oenococcusthen confirmed by physiological tests (gelatiquifaction, tryptophan hydroiysis, production of
hydrogen sulfide) and the ability to grow at anagii concentration of 10%, respectively, and idetiup to
species level by 16S rRNA analysis. We found mastirss of Oenococcuswere isolated from ATB medium,
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whereas alLactobacillusstrains were from MRS medium. Thus, we can use Am& MRS as selective medium for
OenococcugndLactobacillus respectively. This is related to tomato juice position working as growth factor of
Oenococcu$l6]. The availability of modified MRS medium bgdition of tomato juice (20% v/v) for maintaining
of Oenococcu$24] was consistent with the explanation.

The tree was constructed using the neighbor-joinieghod. Bootstrap values were based on 1000 ateticScale
bars represent 0.01 nucleotide substitutions petentide position. GenBank accession number fairsdrare in
parentheses. T represents type strains.
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Fig. 4. UPGMA dendrogram based on the RAPD patternsof 30 LAB strainsisolated from wine samplesin this study

3.4 Molecular clustering of LAB isolates
RAPD has been widely used in molecular typing sraf OenococcusZavaleta et al. (1997) [25] used RAPD
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analysis to discern group A (50 strains) and grBuf20 strains) with a similarity level around 56%#d reported
that the calculated correlation coefficient for RAPD dendrogram was r=0.852. Dendrogram of gersatidarity
built on RAPD patterns was shown in Fig. 4. Ba$ycaeven clusters were delineated at r =70%. Qlukte
comprised 7 strains (C6, C7, S1, S4, C9, S2 ancaBB)74.82%. 4 strains (C8, MJ17, MC5 and MJIRjnked
cluster Il at r =78.57%. 6 strains (MS9, MJ10, ®&;3, J8 and J1) in cluster Il grouped at r =70.4&%uster IV
contained the isolates S5 and S7 at r = 88.89%st€Y comprised strains C11 and S9 at r =80.008trebns (S8,
J2, J7, J4 and J3) formed cluster VI at r =80.0Q%ster VII was constituted by strains C2 and C# =at100.00%.
Owning to low similarity (58.33% and 41.11%, regpady), the strains C1 and J6 were not grouped such
cluster. The strains dfactobacillus(MC5 and MJ12) clustered together willenococcustrains in cluster Il.

Our results showed that seven clusters of 30 straiere delineated at r=70%, in agreement with Gocet al.
(2009) [26] who arbitrarily selected a coefficiaritcorrelation of 70% to distinguish the clusteBartowsky et al.
(2003) [27]reported thaDenococcustrains which originated from the same winery waitker indistinguishable or
closely related to each other. But we found thitoalgh isolated from the same winery even the ssameple, the
strains distributed in different groups. Each wsanple used different wine grape and brewing psycetich
resulted in formation of special habitat inhibiethdominance of one species even strain or biotylaecobal et al.
(2008) [28] pointed out that the gen@gnococcudacks the mismatch repair (MMR) gene system giviiigA
mutation rates higher. Thus, we supposed thatdaleetion of wine environment and hypermutatiorOghococcus
strains might be account for above inconsistency. The results atowed thatOenococcusstrains belong to
different group possessed similarity level arriveiow 60%, however, strains clustered in a groupigter levels
(70%), some even reached to 100%. This would apfeauggest a high genetic diversity ©Bnococcusas
previously stated [4,15] . Genetic diversity magdgo properties diversity, so we can select séralowing high
activity of MLF for enological application.

3.5 Malolactic activity

Malolactic fermentation is a secondary fermentataonrd is catalyzed by malolactic enzyme, which $ake harsher
malic acid converting to a softer lactic acid imei The results of MLF conducted by C10 or J2 ssrarere shown
in Fig. 5. As fermentation went on, the concentratdf malic acid declined, and lactic acid risele ecrease of
malic acid in C10-fermented wine was more obvidwentthat of J2-fermented wine. The malic acid defian
rate of C10 and J2 strains were 430.625 mg/(L- dagl) 76.994 mg/(L- day), respectively. After ferméotafor 14
days, pH value of the wine samples increased hy 0.1
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—a— decrease of malic acid in C10-fermented wine
—0O— increase of lactic acid in C10-fermented wine
—e— decrease of malic acid in J2-fermented wine
—&— increase of lactic acid in J2-fermented wine

Fig. 5. Change of malic acid and lactic acid in the wine samples during ML F conducted by O. oeni sp. C10 or O. oeni sp. J2.
Concentration of malic acid and lactic acid was determined by HPLC

Alcoholic fermentation has a selection of the LABthe grape must, and most of these LAB speciesrgby do
not multiply and decline towards the end of alcahdérmentation, with the exception @.oeni The results
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showed that 51 of 60 (85%)enococcustrains were isolated from the red wines, indigatimeir dominant status
during MLF. The analysis of LAB composition in rednes can help us evaluate the quality of the wideoeni
strains are the most desirable requirement for imetic fermentation and so far no sensorial defeat been
attributed to them [29]. So we estimate that timepses used to isolate LAB were in good qualityemt of MLF.
Since it has just been shown that sdheoenistrains can produce undesirable products fronhiggenic point of
view, the relevant indicator must be measured.okd &ctobacillusspp, it is generally related to depreciations and
diseases, for examplefructivoransandL.hilgardii can spoil fortified wines [30]. However, some stuths shown
some oenologicdlactobacilli spp., included..plantarumandL.hilgardii, have the potential as MLF starter cultures
[30]. We trend to believe that the influencelafctobacillusspp. on quality improvement and depreciation afens
wine-depended and strain-depended. The skfidit? has been identified asvini, which possesses many favorable
characteristics suitable for MLF starter culturearvival on the harsh wine conditions, citric anélim acids
metabolism [31], formation no ammonia from argin{B&], and production no biogenic amine [32], whishof
importance for aroma and flavor development in wikteerefore].vini sp.MJ12 may be used as the next generation
of MLF starter culture, although it has a long viayo.

CONCLUSION

In the study, a total of 60 Gram-positive, catalasgative and lactic acid-productive strains wesdated and
identified as LAB. The coccis (51 strains) and rg@sstrains) were respectively confirmed @enococcusand
Lactobacillus The 30 isolates were grouped into seven diffegenbtypes at 70% similarity by means of randomly
amplified polymorphic DNA, indicating a high geretliversity ofOenococcuspp. Two strains could conduct MLF,
and malic acid degradation rate was 430.625 mgélp)- ednd 76.994 mg/(L-day), respectively. Thereftiiey can

be envisaged as starter cultures for MLF in redewin
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