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Physicochemical Properties and Microbial Analysis of
Korean Solar Salt and Flower of Salt

Hye Mi Lee!, Woo Kyoung Lee?, Jung Hyun Jin% and In Cheol Kim""

Dept. of Food Engineering, Mokpo National University, Jeonnam 534-729, Korea
’R&D Center Food R&D Lab, Daesang Co. Gyeonggi 467-813, Korea

ABSTRACT The present study was conducted to ensure the diversity of domestic solar salt by analyzing the composi-
tion and microbiological characteristics of solar salt (from Docho island: DS) and the flower of salt produced in
different Korean salt flats (Sinui island: SF, Bigum island: BF, and Docho island: DF). The analyses showed that
the moisture content of the three types of flower of salt and solar salt ranged from 10.54 ~13.82% and NaCl content
ranged from 78.81~84.61%. The mineral content of those salts ranged from 3.57~5.51%. The content of insoluble
matter in these salts was 0.01+0.00 ~0.05+0.00%. The sand content of these salts was 0.01£0.01 ~0.03+0.01%. By
Hunter’s color value analysis, the color of the flower of salt was brighter and whiter than solar salt. The salinity
of the flower of salt was a little higher than solar salt as well. The magnesium and potassium ion content of DF
was 9,886.72+£104.78 mg/kg and 2,975.23+79.73 mg/kg, respectively, which was lower than the content in SF, BF,
and DS. The heavy metal content of all salts was acceptable under the Korean Food Sanitation Law. The flower
of salt was confirmed to be sweeter and preferable to solar salt. More than 80% of the solar salt crystals were 2~3
mm in size, whereas crystals from the flower of salt were 0.5~2 mm in size. The bacterial diversity of DF and
DS were investigated by culture and denaturing gradient gel electrophoresis (DGGE) methods. The number of cultured
bacteria in flower of salt was approximately three times more than solar salt. By DGGE analysis, major microbes
of DF were Maritimibacter sp., Cupriavidus sp., and unculturable bacteria, and those of DS were Cupriavidus sp.,
Dunalidella salina and unculturable bacteria. The results of DGGE analysis showed that major microorganisms in
solar salts were composed of unidentified and unculturable bacteria and only a few microorganisms were culturable.

Key words: solar salt, flower of salt, DGGE, halophilic bacteria
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Al 20129 dEbdie ekt Ao, e
g Aol A AH e 35S AHakglon, 2

AEFA(16), AOAC W (17)o] what
s S Alm %F 3 g5 Fsto] AsrrEnz
Ho o}, 2l g o] &2 micro Kjeldahl
H } %] (K-435, Biichi Co., Flawil, St. Gallen,
Switzerland) 2 Z#32(K-360, Biichi Co.)E ©]-&3}]
=43 F T, =AM =X HHEA 7] (Soxtee 2043, Foss,

= = =1

Copenhagen, Denmark)E ©]-83}9 ether FEHOZE 4]

ol

25 439 24/ fiber analysis system(fiber—
cap system, Foss)& o]-&38to] S48qltt. &85, AHES
A EFHA A E Ad EAHEG)eZE B4 T

< B3] 98k A9S S5 0.1%
2 0.25 pm syringe filter(Minisart, Sar—
torius Stedim, Heidelberg, BW, Germany)® ] 3}3F &
ARESlTE TR ol BAL AIRE AAHF XA

(MARSXpress, CEM Co., Matthews, NC, USA)& 3} 3}

B AFE- A2

1

AESRES

o] ICP-MS(inductively coupled plasma mass spec—
trometer, Agilent 7500 cx Series, Agilent Technologies,
Santa Clara, CA, USA)E ©]-&3fe] &41315lt} = <
A(Na, Mg, K, Ca)t 9aFFE471(AAS, Z-3200,
Hitachi, Tokyo, Japan)® #241&}%t}h o] 1C(861
Advance Compact IC, Metrohm, Herisau, AR, Switzer—
land)& o]-&3lo] 4815t 42(Hg)< direct mercury
analyzer(DMA-80, Milestone, Bergamo, LO, Italy) = #
EEEES

HetLtES(NaCl) & o

AFTAB) meh 27 AR 1 gE Fste] FHF 50
mL2 &3lati 1% 10 mLE FAste] AFA2F Aok
(KoCrOyp) 2~325

S

a9 Y%+ vibratory sieve-shaker(Analysette3,
Fitsch, Idar-Oberstein, RP, Germany)& ©]-&3}o] #4]
3}l ar, FARAAFE W] 3 (S-3500N, Hitachi)S o] &3le] 2
4 Tx 2 AarlE S4slY Ales AEA(S-555,
Color Techno system Co., Tokyo, Japan)& ©]-&3alo] =
A% & Hunter's scale L(lightness), a(redness), b(yel-
lowness) gto& FAETH

A EERAF EAFI JYDE 3 g Hu 10
mLol| o] 348 30%= A=} 0.20 um hydro-
philic syringe filter(DISMIC-25cs, Advantec, Tokyo,
Japan)2 o] ¥} & A WA 1 mLE SFHE Sl &3
t}. Nutrient agar(NA: with NaCl 0%, 2%, 5%)%} Marine
agar(MA: with NaCl 0%, 3%, 5%l ZtZ} 100 pLA
spreading?+ 5 25°CellA] vl skl 2k wlj =] ol A A3k
colonyE 33| o] &4 Eel3gE AA =5 EE3 v,
8% ¥ SolgentrH(Daejeon, Korea)ol] 16s rDNA &
ZINE AAE o35Sty 24" 971 €2 NCBI(http://
www.ncbi.nlm.nih.gov/)2] Genbank databaseZ ©]-&3}
o] Blast search® 3 E43}3th

DNA =& % DGGE &4

20129 %0 Y AHAA BitE EFASI ILdES

s



t}. TE buffer 100 yLE ¥ HAES &A1 H
Eol 102 71E8s the €& t

oA 57 YAEY F S
plate® A}&3}5t}t. &3 DNAE template® 3}l bac-
terial universal primer set$l 341f-GC¢} 907r primerE
o]-83] PCRE 33} 31(MJ mini, Biorad, Hercules,
CA, USA) PCR A ELS DGGERZ #4319t} Denatur-
ing gradient gel 7% polyacrylamide(37.5:1=acryl-
amide : bisacrylamide)ol 7 M urea$®} 40%(v/v) form-
amideE 40~70% s =2 H7tsle] A Az v
20 VE 10%, 60 V& 2443t 17]195(SE 600X Chroma
Deluxe Dual Cooled Vertical Unit, Hoefer Inc., New
Orleans, LA, USA) 33t} A7) 0] Bt gele Gelstar™
nucleic acid gel stain(Lonza, Rockland, ME, USA)°. &
AAgk & UVi-techo & #zste] HgS &5ttt

Y
_°|£,
£
o
@
Q-
o
Z
=
o
7

71 Mg 24

Denaturing gradient gel 7ol 4] th& ]2l &A=
WMEE duste] defula, 7F e A 343 DNAE F
H o2 GC clamp?} §1& 3419} 907r primers ©]-&3}o]
22} PCRS 2 A8k t). Gel extraction kit(Qiagen, Hil-
den, NW, Germany)g o]&3tod AAg PCR 22
SolgentAlell DNA 97144 A4S 3. 44€ &
71449 -& NCBI(http://www.ncbi.nlm.nih.gov/)¢] Genbank
databaseE ©]&3}9] Blast searchE &3 Max score 500
olidel Ay F dAEo] 97% oldom M.
DNASIS MAX 2.5 software(Hitachi)E& AF&3}o] align-
ment3}1 Tree viewE ©]-83}4 neighbor-joining meth-
odZ phylogenetic tree® 243} th. E3F Un-Scan-1t
(Silk Scientific, Inc., Orem, UT, USA)E ©]-&3}o] DGGE
band?] intensityS SA3sle] 2t 4 752 FUH B¥XE

& 2439

SAXMe|

2 Aol gt A2 = FAZZ 2% SPSS 19.0 sta-
tistics(SPSS Inc., Chicago, IL, USA)E o]-&3&}o] 3}
EFHAE AES o X0.05 42594 Duncan's mul—
tiple range testZ A4S AASIA T

=t

21 =

g
o

AFo| ME BN
105°C A71rdA 7 sheF S
A5 tH(Table 1). TEEH2 =24 Z4F0] 1054+
3

0.10%= 717 wokar, A=Al 4H4Fo] 13.

BN

Mom AP 279 FRIFL

s 54 % AR 24 1117

714 =A UERETE o] 7HEe] kg G Eol| ojg xfo] =
%A AT uel A4S A2 HuHAHG), Zu,
A, 2ATE 719 EAEA g AeE YERT
9] NaCl 3HeEe Ao Al 24 Fo] 78.81+0.28%,

81.67£0.34%, =x4t 4T 84.61%

&, AR 47 Ale)xAF 24 Fe] 0.01£0.00%,
0.01£0.01%=Z 71 W& ks Holal, =22k dAddo]
0.05+0.00%, 0.03+£0.01%=Z ¥ 3 =& 7S By &

w2 Sl wHel w = AdEE AF ] wiiel vhe
AR @1 grorn FuUak HAFLS AAA AR %

ARESEe] B8, AR FEFo] WAl YERd Zle
t}.

g R ko] BA AR Naol ¥3ko] 326,010.00+
558.61~356,733.83+3,642.15 mg/kgl & 45 A&
B fAbe gho 2 EAE AT Mg =24 245l A
9,886.72+104.78 mg/kg .2 W] A ke defo] 715y
Atk K 9] B2k ZaFellA 2975.23479.73 mg/kg O
2 e AgEol vlE] v vebgTh Ao A Aol A
Ca 3t&o] 3,447.10 mg/kg & 7V %o kS vpeh o,

= =~ L ~ Il L ~
2% =xAF AF(ERA E4H, B s

=2
Z A}

o b

i o

[e}
HEF ol &S A% AR AomA AFES
Zno] ¥l A ube shekS vpeb o, v FAk 24 E-S Sro]
Ha A A AEHAT B4 ZAFE Sro] B HEEH
AL, E2A HAF ] AH$ Fe, Znol HlmA A g1¥ <]
=3
342 As, Cd, Pb, Hg¥= B5 714 o]8HAs, Cd, 0.5
meg/kg; Pb, 2.0 mg/kg; Hg, 0.1 mg/kg)®E HAE% 3o}
2T ol F Cle Aot 2ol A 465,447.61
+9,755.39 mg/kg o 2 71 GA AEHY, T2 A
o] 509,324.20%5,620.37 mg/kg 2.2 =7 Vel SO,
B LA 2l 21,028.284973.24 mg/kg O & YA
el v FAF 22 4Fo] 30,184.94+2,560.14 mg/kg o

X YU M

FAAAEAN A o2 2GS 545 2H X9 B4
EA 712 1819 th(Fig. 1). AAQL A58 e] 44
T22 7Y HLFL g2 ny|do]y o] B o] 3
o] 2RI AL o2y BuEYEU(19), E Aol A
AR HAF HA] o9} FAFS RISt AT
AAA3 A3 244 FHES BT SEM AFS o] &3
ARl A7) 3 AR ATl AF %] 0.083x0.083

mm, H]5AF 2F250] 0.067%0.067 mm, =3AF AF 20
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Table 1. Compositional analysis of solar salt and salt of flower (mg/kg)
Element Sinuido flower of salt  Bigum flower of salt  Docho flower of salt Docho solar salt
Na 334,490.50+3,353.98")  348,197.16£4,305.18°  356,733.83+3642.15¢ 326,010.00+558.61°
Mg 13,171.72+£236.59" 14,280.38+506.98° 9,886.72+104.78" 13,788.67+316.10°
K 3,837.07+27.80° 4,776.37+81.39° 2,975.23479.73" 3,848.23+115.10°

Ca 3,447.10+135.41° 1,728.90+16.10° 945.53+136.40° 942.43+40.54°
Li 0.51+0.14° 0.47+0.15° 0.26+0.21° 0.44+0.12
Al 6.23+0.99% 1.26+1.78° 7.4942.18° 6.77+3.07°
Cr 0.25+0.10° 0.324+0.21° 0.12+0.18" -
Mn 4.93+0.85° 2.28+0.37° 5.40+0.22° 2.05+0.12°
Fe - 1.77+0.38° 3.91+0.93° 5.09+0.44°
Co 0.010.02° 0.01+0.00° 0.00+0.00° 0.01+0.00°
Cation Ni - 0.010.01° - 0.59+0.07°
Cu 1.87+1.55 3.73+0.57 3.39+0.81° 3.50+1.06
Zn 1.51+1.37 3.5842.77° 4.02+0.64° 7.8043.10°
Se 0.01+0.01° 0.33+0.18° 0.06+0.09" 0.27+0.05%®
Sr 77.11+0.36° 85.33+9.74° 39.43+5.13% 41.55+0.11°
Ag - - - 0.02+0.02°
9] 0.02+0.00 0.03%0.00° 0.0320.00° 0.0240.00°
As 0.03+0.02° 0.03+0.02° 0.04+0.03° 0.10£0.13
Cd 0.0120.00° 0.0120.00° 0.0120.00° 0.0120.00°
Pb 0.23+0.12° 0.20+0.04° 0.28+0.04° 0.43+0.28"
Hg 0.03+0.01° 0.06£0.00 0.100.03° 0.08+0.01*
cl 465,447.6149,755.39° 498,991.9442,009.53°  509,324.20£5,620.37°  499,429.89+5.423.68°
o Br 814.63+26.25" 802.17+15.85" 679.97+38.93° 795.06+53.01°
NO; 93.00+3.13° 116.71+11.79° 110.25+1.60° 123.21223.56
SO, 27,751.38+341.09° 30,184.94+2,560.14° 21,028.28+973.24° 25,936.30+1,925.47°
Total 849,145.76+13,885.18 899,177.99+49,523.18  901,748.38+10,607.69  870,942.52+8,464.65
NaCl (%) 78.81+0.28" 81.67+0.34° 84.61+0.21¢ 80.82+0.17°
Moisture (%) 13.82+0.12¢ 10.70+0.40° 10.54+0.10° 12.6120.45°
Crude protein (%) 0.000.00° 0.06£0.02° 0.06+0.01° 0.00:£0.00°
Crude lipid (%) 0.05+0.01° 0.07£0.00° 0.0120.00° 0.0240.01°
Crude fiber (%) 0.00+0.00" 0.00+0.00° 0.000.00° 0.00+0.00°
Insoluble matters (%) 0.010.00° 0.030.00° 0.04+0.00" 0.05+0.00°
Sand (%) 0.01+0.01° 0.02+0.01° 0.03+0.01° 0.03+0.01°
DAl values were expressed as meantSD. Different letters in a row mean significantly different (P<0.05). —: Not detected.

SE 19-Feb-12 20.0kv SE 19-Feb-12 MNUCL

Fig. 1. The SEM images of salts. (A)
Sinuido flower of salt, (B) Bigum flower
of salt, (C) Docho flower of salt, (D)
Docho solar salt.
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Fig. 2. Salt crystal size distribution of Docho solar salt and flow-
er of salt.

Table 2. Hunter's color values of salts

Sample L a b

Sinuido flower of salt 80.35+0.02°V -0.17+0.01¢ 1.28+0.00°
Bigum flower of salt 80.00£0.02° -0.25+0.00° 0.67+0.01°
Docho flower of salt 81.48+0.01¢ -0.32+0.01° 2.22+0.01¢
Docho solar salt 76.06+£0.02* -0.24+0.00° 2.00+0.00°

DAIl values were expressed as mean+SD. Different letters in a
column mean significantly different (P<0.05).

A=A

ExA ZAed B dYdeR YJEE A% A5
HAFLE 2.0~4.0 mm ©]Fo] A 83.30%= 24|35,
2252 0.5~2.0 mm o]’do] 83.63%= tF-ES A5
AtHFig. 2). ol Agol BEEHE FAGAA EAFS =
Zloll A E e 1ol o e 22 AA o, A o] AXA
v o rhEokd AES dddolgta Gt b ol
olgh J& zo]= AlmEITH

o] AEE B Az Aol vls)] ATl ¥
2 #S e, =24 L Fde] Lgk 76.06+£0.022 7F
G grel mlEl ExAF 24-Fo] 81.48+0.01% 71 vt
2 Ao YeRth JAEE Aok A Fo] 7 Fo
w, GAEE B2 Zhge] M 2 ger SAHAY

(Table 2). o] ZAgo] vpo] 24 ¥4 ki o+ 81
o W e aus AMFAS] diel Exse] Aol ALl
Hla) o 9 YeEhs Ro® AlREL BESES AlA S
A st AA D] Lol 87.800.2 248 ERH,
ok Agdgrel whek s Wake 2o B ITHG).

Table 3. Sensory characteristics of salts
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BA1ol kel 5

NaCle] #7Fe NAS MA #
1E #4918 &3l "4

= 28 sle] 16s rDNA 9714 S
AE AN AR FAFoA 14F, ALDlA 5F
1 E Yt (Table 4). EAFAAX= Marinibacillus,
PaenibacillusE A 9|3 12% 2% Bacillus 2.2 eI}
A FE7e o 86%E AXAERoH, dLdFdAE
Planococcus, Staphylococcus 7+ 1%, Z18]al 3% 9]
Bacillus 0] A& 9t Na 5(20)& oy A4~
AEHa 5 AAGA NN Halobacillus, Halomonas, Ba—
cillus, Idiomarina, Marinobacter, Pseudoalteromonas,

O mg md Mz
o Off! o

Vibrio, Salinivibrio, VfrgIbacf]]us Alteromonas, Staphy—
lococcus, unknown sp. 5 124:9] v Eo] HEF AT
AE LA = U]”‘gﬁol T EA @S Ao Bl
ANAAE R 3ol EAlEHE MAETS LD A4 Sl
&S M AETE ZFo|7t deS HFaL glr &
ol LA E=RYH vAEe] #eE F AU O]Tor% AF
|5 wix] 248 zpolof Al A vrE AR HAdows
H =S Eestr] wiel Agiare A Ads 1Y
A3 MAE X 2folE Hol= o= ek HaAEd
A B9 Marinibacillus campisalis =W G4 &2
Fo] ¥uH #2022 NaCl 2~3%° 4 A%3F= moderate

Sensory characteristics

Sample ; :
Saltiness Bitterness Sweetness Softness Overall acceptance
Sinuido flower of salt 6.12:1.54™D 3.28£1.70™ 3.32+1.82™ 3.00£1.91™ 5.96+1.24™
Bigum flower of salt 7.08+1.75 3.76+£2.35 3.68+2.15 3.48+1.94 5.92+1.68
Docho flower of salt 6.60+1.35 3.24+1.83 3.80+2.00 3.48+1.92 6.00+1.58
Docho solar salt 6.52+1.83 3.32+1.82 2.96+1.81 3.20+1.66 5.76+1.69

YAl values were expressed as meantSD. ns: Not significant.
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Table 4. Identification of culturable microorganisms from solar salt and flower of salt

Strains Medium GenBank 16S rDNA sequence results BLAST homology
accession no.
F 1" 3% MA? GU947875 Marinibacillus campisalis C 0010 1436/1447 (99%)
F 2 3% MA GQ169805 Bacillus sp. B 1408 1444/1447 (99%)
F3 MA JF775424 Bacillus aquimaris YCY 39 1441/1444 (99%)
F 4 MA EU979528 Bacillus megaterium TS-1 1437/1438 (99%)
FS5 MA HM579794 Bacillus sp. HY3 (2010) 1444/1446 (99%)
F 6 5% MA JQ388689 Bacillus licheniformis RK 202 1080/1081 (99%)
F 7 5% MA HMS566979 Bacillus sp. DU1 (2010) 1102/1104 (99%)
F 38 NA” HMO061611 Bacillus megaterium SZ-3 1435/1439 (99%)
F 9 NA GQ199729 Bacillus sp. 210 27 1446/1448 (99%)
F 10 NA HQ242772 Bacillus aryabhattai isolate PSB59 1437/1439 (99%)
F 11 NA JQ229806 Bacillus megaterium 1Y038 1436/1440 (99%)
F 12 NA EUS584552 Bacillus sp. cp-h63 1442/1446 (99%)
F 13 NA JF799963 Bacillus sp. K7SC-9B 1106/1108 (99%)
F 14 NA HQ258920 Paenibacillus xylanilyticus KJ-03 1434/1450 (99%)
s 1Y NA JN208097 Bacillus niabensis CCMM B579 1020/1022 (99%)
S 2 MA EU931553 Bacillus megaterium ZFJ-14 1431/1433 (99%)
S 3 MA AB680985 Planococcus citreus: NBRC 15849 1421/1425 (99%)
S 4 MA FJ938121 Bacillus sp. 210_10 1062/1069 (99%)
S5 NA HM352346 Staphylococcus sp. CmMC7 1425/1427 (99%)

YF: 2012 Docho flower of salt, S: 2012 Docho solar salt. ?MA: marine agar. *NA: nutrient agar.

halophileo] 2= 719 B.11(21)¢ Zo] 3% NaClo]
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oA EEE EE 72 WAEAT R RIS
A AA| Bacillus 0] FE o FaL glom, A A
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ste] gtk g gn g, SuloA= 2 &2l Plan-
ococcus salinarunrs FGA A Hgste] B 1(24)3 Bf ¢}
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o} Lee 5(25)2 A @@ o] FAkdS A9 71X
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3 oA ol o] oln HIE o (21,26,
27), Shon 5(28)¥ Hwang 5(29)2 ZV7Z} Bacillus mega-
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Fig. 3. Denaturing gradient gel electrophoresis analysis of PCR-
amplified 16S rDNA fragments from Docho solar salt and flow-
er of salt. (A) Docho flower of salt, (B) Docho solar salt, PCR
amplification was performed with the primers 341f-GC and 907r
for 30 cycles. DGGE anlysis was performed between 40% ~
70% denaturing gradient.
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Table 5. Diversity of the microorganisms identified in solar salt and flower of salt by denaturing gradient gel electrophoresis analysis

Lane Band no. GenBank 16S rDNA sequence results BLAST homology
accession no.

F1 AF513933 Uncultured Rhodobbacter group bacterium LA7-BI9N 381/384 (99%)
F2 X97093 Uncultured Beta-proteobacterium (isolate TM24) 377/380 (99%)
F3 DQO008457 Uncultured marine bacterium BH13 448/458 (98%)
F 4 AB542373 Cupriavidus sp. TSAS 389/401 (97%)
F5 HES574912 Uncultured bacterium ANGII 6 426/429 (99%)
F 6 JX120152 Cupriavidus sp. ATHA3 478/478 (100%)
F 7 HM468036 Uncultured bacterium b31 452/460 (98%)

AY F 8 JX120152 Cupriavidus sp. ATHA3 475/478 (99%)
F 10 GQI131651 Maritimibacter sp. YCSD61-1 454/454 (100%)
F 11 FJ753096 Uncultured Rhodobacteraceae bacterium NdSurf32 446/451 (99%)
F 12 JX223028 Uncultured bacterium EMIRGE OTU s4t2e 1126 453/453 (100%)
F 13 JX222970 Uncultured bacterium EMIRGE _OTU s4t2e 318 461/461 (100%)
F 14 JQ288670 Uncultured Acidovorax sp. Depth 12t024-25 486/489 (99%)
F 15 AF513933 Uncultured Rhodobacter group bacterium LAT-B19N 456/465 (98%)
F 16 EF632878 Uncultured bacterium Hua-w/2-88 463/472 (98%)
S1 JN532571 Uncultured organism SBZO_5609 396/410 (97%)
S 2 EU646194 Uncultured Mycoplasmataceae bacterium Av_Hepl.6 509/524 (97%)
S 4 EU646194 Uncultured Mycoplasmataceae bacterium Av_Hepl.6 480/480 (100%)
S 6 EU646194 Uncultured Mycoplasmataceae bacterium Av_Hepl.6 534/538 (99%)
S 7 AF547096 Dunaliella salina 469/472 (99%)

B S 8 JX416361 Uncultured Cupriavidus sp. GCL97 477/477 (100%)
S9 EU646194 Uncultured Mycoplasmataceae bacterium Av_Hepl.6 536/537 (99%)
S 10 JX120152 Cupriavidus sp. ATHA3 477/477 (100%)
S 12 GQ417782 Uncultured Ralstonia sp. F3Bjun.64 430/436 (99%)
S 14 HQ293200 Uncultured bacterium 29 3 16 430/440 (98%)
S 15 JX222970 Uncultured bacterium EMIRGE OTU s4t2e 318 458/458 (100%)

DA: 2012 Docho salt flower, B: 2012 Docho solar salt.

dus % 3%, Maritinibacter % 1% Z12]3l uncultured
bacteria 1159 "AEo] FA4HUeH, ddHd =
Cupriavidus %3} Dunaliella salinas A QJstil+= 9F &
+ uncultured bacteria® &7 % 1 tH(Table 5). Muyzer
5(30)2 DGGE &A1 e] Eatgh v A& ko] F44 ot
TS A EAAETH wqgta Bastglion, =
oA e Zg 2 Fol DGGE +AHE A &3to] Axy
ol HdFo R EAEE MAES EA 8] st )
th. Park 512 #Ae] A2LanAolA FapH o=
Weissella koreensis, Lactobacillus sakei, 71213l Leu—
conostoc gelidum®] -HAF 02 A 3FaL vl 3450
W, Lee 5(32)2 X $HF > Weissella confusa,
Leuconostoc citreum, Lactobacillus sakei, 183l Lac-
tobacillus curvatus®]e}il Bttt =3k Kim $(33)<
JELF A T4t Dol EAskE v AES DGGE W
Ho =g FA%t] dEA WA= Tetragenococcus hal-
ophilus®} Staphylococcus gallinarume] 3o, S+
b #l X = Bacillus 40] -3 tol gt B3l git), o]
Sk A3 = g A Eo] DGGE A H S 488 49
o] A Aol Tk S AARRIFIL Qe W,
ol Al Uit A w3 AAdGol EAlsk= PAE O
DGGE W oz BX3 Ayl= tJF&9| uncultured bac-

teriat} E7HAT FA4o] 7 AE A8 - AT o]

H

o
<

X

i

o r2 mi

o
=

uf g gopeE RS F53 5 Qo

DGGE band®| intensity7} =t 22 7IATY 57}
Urls AS ou|dte=d), 224 AT A Cupriavidus
sp. ATHA3(14.43%), Cupriavidus sp. TSA5(10.41%),
Maritimibacter sp. YCSD61-2(8.13%), uncultured bac-
teria(68%) 2 AW =xA AL Aol = Dunalielia
salina(4.76%), Cupriavidus sp. ATHA3(15.80%), un-
cultured Mycoplasmataceae bacteria(51.72%), un-
cultured bacteria(27%)2 #4151t} (Table 6).

Phylogenetic treeE 18] Al HA A AAE A
A3 (Fig. 4), B ZAFlAE a-proteobacteria’} 9%
60%)o. 2 7} wWo] BE3H, B-proteobacteria 5%
(33.39%)% 1 9] 1&(6.7%)°] EAEAT Ex AL
a—proteobacteria’} 2%(18.2%), Mollicutes?} 4%(36.4
%), B-proteobacteria 3&(27.3%), Chlorophyceae 1%
(9.1%), L 9] 1F(9.1%)°] EX3t= FdS BT} Baati
5(13)2 Adde] M dE ¥4 A3}Z a-proteobacteria
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Table 6. Identification and proportion of microorganisms in flower of salt and solar salt

GenBank

Lane . 16S rDNA sequence results

accession no.

Community proportion

X97093 Uncultured Beta-proteobacterium (isolate TM24) 5.16%
DQO008457 Uncultured marinebacterium BH13 5.29%
AB542373 Cupriavidus sp. TSAS 10.41%
HE574912 Uncultured bacterium ANGII 6 6.94%
HM468036 Uncultured bacterium b31 5.68%
JX120152 Cupriavidus sp. ATHA3 14.43%
AP GQ131651 Maritimibacter sp. YCSD61-1 8.13%
FJ753096 Uncultured Rhodobacteraceae bacterium NdSurf32 6.77%
JX223028 Uncultured bacterium EMIRGE OTU_s4t2e 1126 5.42%
JX222970 Uncultured bacterium EMIRGE _OTU_s4t2e 318 3.77%
JQ288670 Uncultured Acidovorax sp. Depth _12t024-25 6.71%
AF513933 Uncultured Rhodobactergroup bacterium LAT-B19N 14.35%
EF632878 Uncultured bacterium Hua-w/2-88 6.94%
IN532571 Uncultured organism SBZO 5609 5.13%
EU646194 Uncultured Mycoplasmataceae bacterium Av_Hepl.6 51.72%
AF547096 Dunaliella salina 4.76%
B JX416361 Uncultured Cupriavidus sp. GCL97 6.59%
GQ417782 Uncultured Ralstonia sp. F3Bjun.64 9.47%
HQ293200 Uncultured bacterium 29 3 16 4.39%
JX222970 Uncultured bacterium EMIRGE OTU_s4t2e 318 2.14%
JX120152 Cupriavidus sp. ATHA3 15.80%

DA: 2012 Docho flower of salt, B: 2012 Docho solar salt.
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AL AL Planococcus, Staphylococcus, Bacillus % 3%
o2 A=HAUTE. DGGE Ad Af=E =24 EAFA
16712] band9} =xAF HA G| 15702] bandE &1}
Atk 54 A3 =24 EagdA Cupriavidus sp. ATHA3
(14.43%), Cupriavidus sp. TSA5(10.41%), Maritimi-
bacter sp. YCSD61-2(8.13%), uncultured bacteria(68
%)2 AN, =xA ALDo M= Dunaliella sali-
na(4.76%), ATHA3(15.80%), un-
cultured Mycoplasmataceae bacteria(51.72%), un-
cultured bacteria(27%)2 21 % AT},

Cupriavidus sp.
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