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Distribution and Identification of Halophilic Bacteria in Solar Salts Produced during Entire Manufac-
turing Process. Na, Jong-Min'?, Min-Seung Kang', Jin-Hyo Kim?, Yong-Xie Jin', Jeong-Hwan Je!,
Jung-Bong Kim!, Young-Sook Cho', Jae-Hyun Kim', and So-Young Kim'*. "Functional Food & Nutri-
tion Division, Department of Agrofood Resources, National Academy of Agricultural Sciences (NAAS), RDA,
Suwon 441-853, Korea, “Department of Food Science and Technology, Research Center for Bioresource
and Health, Chungbuk National University, Cheongju 361-763, Korea, *Chemical Safety Division, National
Academy of Agricultural Sciences(NAAS), RDA, Suwon 441-707, Korea — In this study, we determined the
changes in microbial numbers in solar salts according to the manufacturing process and storage duration. The
salt samples were harvested from salt farms in Shinan (area 2) and Yeonggwang (area 1). They were serially
diluted ten-fold and then placed on 4 kinds of cultivable media (mannitol salt agar, eosin methylene blue, plate
count agar, and trypticase soy agar). After incubation, we obtained 62 halophilic isolates from the salt sam-
ples. Coliform and general bacteria were not detected in all salt samples. By 16S rRNA sequencing analysis,
we found 12 kinds of halophilic bacteria belonging to the genera Halobacillus, Halomonas, Bacillus, Idioma-
rina, Marinobacter, Pseudoalteromonas, Vibrio, Salinivibrio, Virgibacillus, Alteromonas, Staphylococcus and
some un-known stains. In our study, we discovered two novel species that have a 16S rDNA sequence similar-
ity below 97%.
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Table 1. Investigation of total halophilic bacteria isolated from solar salts during the entire manufacturing process.

Bacterial count (CFU/g or mL)®

No.? Sample information
EMB MSA PCA TSA

S1 Seawater -¢ 1.6x10* - -

S2 Evaporation pond (1%) - 4.6x10* - -

S3 Evaporation pond (2"%) - 1.3x10* - -

S4 Ephemeral saline reservoir (1% - - - -

S5 Ephemeral saline reservoir (2"%) - - - -

S6 Salt outer storage (2006.08) - - - -

S7 Salt inter storage (2006.08) - - - -

S8 Salt storage (2007.06) - - - -

S9 Salt storage (2008.09) - - - -

D1 Seawater - 1.1x10° - -
D2 Evaporation pond (1%) - 2.8x10° - -

D3 Evaporation pond (2"%) - 3.7x10* - -
D4 Evaporation pond (3') - 2.0x10* - -
D5 Ephemeral saline reservoir - 9.6x10° - -
D6 Crystallization pond - 6.3x10° - -

D7 Salt storage - - - -

T1 Seawater - 3.4x10* - -

T2 Evaporation pond (1%) - 3.6x10* - 2.6x10°
T3 Evaporation pond (2"%) - 5.0x10* - 1.7x10°
T4 Evaporation pond (3') - 3.4x10* - 1.0x103
T5 Evaporation pond (4%) - 1.8x10° - 3.9x102
T6 Crystallization pond (1%, Gray salt) - 1.1x10° - -
T7 Crystallization pond (2", Gray salt) - 2.4x10? - -

T8 Crystallization pond (2", Upper and gray salt) - 2.4x10? - -
T9 Crystallization pond (Modern salt) - 1.0x10? - -
T10 Crystallization pond (Upper and modern salt) - 4.8x10! - -
T11 Salt storage (2009.06, Modern salt) - - - -
T12 Salt storage (2004.06, Modern salt) - - - -

a8 saltpan (Chunnam Docho); D saltpan (Chunnam Yeonggwang); T saltpan (Chunnam Jungdo).
PCultivable media: EMB for E. coli, MSA with 7% salt for halophlic bacteria and Staphylococcus aureus, PCA and TSA for total bacteria.

€. : Not detected
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Table 2. Species-identification of halophilic bacteria isolated from solar salts by 16S rRNA sequencing.

Saltpan Sources Strains Species-identification Identity (%) Accession number
T Crystallization pond T7-6M Halobacillus sp. 99.37 AB617537
T Crystallization pond T8-11M Halobacillus sp. 99.79 AB617538
T Crystallization pond T8-18M Halobacillus sp. 99.25 AB617539
T Crystallization pond T7-4M Halobacillus trueperi 99.31 AB617540
S Seawater S7-1T Halobacillus trueperi 99.31 AB617541
T Crystallization pond T8-20M Halobacillus trueperi 99.79 AB617542
T Crystallization pond T8-28M Halomonas alimentaria 99.93 AB617543
T Crystallization pond T8-1M Halomonas ventosae 99.79 AB617544
T Crystallization pond T7-TM Bacillus aquimaris 99.65 AB617545
T Crystallization pond T8-4M Bacillus aquimaris 99.30 AB617546
T Crystallization pond T10-3M Bacillus baekryungensis 99.31 AB617547
T Crystallization pond T7-3T Bacillus gibsonii 99.96 AB617548
T Crystallization pond T8-3T Bacillus gibsonii 99.65 AB617549
T Crystallization pond T10-1M Bacillus horikoshii 99.38 AB617550
D Seawater D1-6M Bacillus marisflavi 99.86 AB617551
T Crystallization pond T10-1T Bacillus megaterium 99.45 AB617552
T Crystallization pond T7-9T Bacillus sp. 97.58 AB617553
T Crystallization pond T8-25M Bacillus sp. 99.72 ABG617554
T Crystallization pond T10-2M Bacillus sp. 99.51 ABG617555
T Crystallization pond T8-3M Idiomarina seosinensis 99.24 AB617556
D Seawater D1-1T Marinobacter alkaliphilus 99.30 AB617557
D Seawater DI-1M Marinobacter flavimaris 99.86 AB617558
D Evaporation pond D2-3M Marinobacter sp. 99.79 AB617559
D Evaporation pond D3-2M Marinobacter sp. 99.80 AB617560
D Seawater D1-2T Micrococcus luteus 99.43 AB617561
D Evaporation pond D2-5M Pseudoalteromonas ruthenica 99.29 AB617562
D Evaporation pond D2-6M Pseudoalteromonas ruthenica 99.93 AB617563
D Evaporation pond D2-1T Salinivibrio budaii 99.03 AB617564
D Evaporation pond D3-3M Salinivibrio sp.<Un-known>?* 96.81 AB617565
D Evaporation pond D3-4M Salinivibrio vallismortis 98.68 AB617566
D Evaporation pond D3-5M Salinivibrio sp.<Un-known>?* 96.69 AB617567
D Evaporation pond D2-TM Salinivibrio sp. 99.17 AB617568
D Evaporation pond D2-2T Vibrio harveyi 99.51 AB617569
T Crystallization pond T8-4T Virgibacillus pantothenticus 99.93 AB617570
D Seawater D1-4M Alteromonas macleodii 99.28 AB617571
T Crystallization pond T7-3M Staphylococcus epidermidis 99.93 AB617572
T Crystallization pond T8-19M Staphylococcus epidermidis 99.93 AB617573

4Un-known, the isolates that have a 16S rDNA sequence similarity below 97% are novel species.
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Fig. 1. Phylogenetic position of the representative and novel strains of halophilic bacteria isolated from solar salts based on 16S

rRNA gene sequence.
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