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Abstract

To investigate the diversity of industrially useful microorganisms from fermented agricultural products in the Sacheon region, 128
strains were isolated and analyzed phylogenetically. The analysis indicated that the isolates were categorized into three phyla, eight
families, 13 genera, and 33 species. The Bacillaceae family, which was the main taxon, comprised 88.3% of the isolates and included
four genera and 22 species: Bacillus, Exiguobacterium, Fictibacillus, and Metabacillus. The Caryophanaceae family, which was the
second most abundant taxon, comprised 3.9% of the isolates, including two genera and two species: Rummeliibacillus and
Sporosarcina. The isolates were examined for hydrolytic enzyme activity (protease, amylase, and lipase), and 118 strains (92.2%)
exhibited at least one of these enzyme activities. Furthermore, auxin production was observed in all seven strains. This study
demonstrates that the isolated strains have potential applications in the food and agricultural industries in South Korea, highlighting
the importance of genetic resources.
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Table 1. Sacheon regional fermented agricultural products sample list

No. Sample name Provider Date Sampling location Category  Maturation period pH
1 Soy sauce3 In-Seok Cheon 21.1.17 Sacheon-eup Household 18 years 8
2 Soy saucel Kongji Eun Farm 21.1.18 Sacheon-si, Sanam-myeon Farm 5 years 1
3 Soy sauce? Jeong Wol Saem 21.1.19 Jeongdong-myeon, Sogok-gil Farm 13 years 5
4 Persimmon vinegar Choi Jeong-kyung 21.1.14  Sacheon-si, Jeongdong-myeon  Household 10 years 3
5 Wild peach syrup Lee Da-Young 21.1.17 Sacheon—eup Household 7 years 3
6 Ganppang meju NH Yongzgzgrrwat/il\vgencultural 21.1.14  Sacheon-si, Yonghyeon-myeon (}Ac?gg::rl;::/a; 2 years 6
7  Ganppang meju soy sauce NH Yongzgﬁggaﬁ/ gencultural 21.1.14  Sacheon-si, Yonghyeon-myeon ?gggﬁ;;@ 4 years 5
8  Ganppang meju doenjang NH YongggigrrwatiAvgericultural 21.1.14  Sacheon-si, Yonghyeon-myeon CAC?(;E:!;;@' 4 years 5
9 Gochujang In-Seok Cheon 21.1.17 Sacheon—eup Household 17 years 3
10 Gochujang2 Kongji Eun Farm 21.1.18 Sacheon-si, Sanam-myeon Farm 7 years 3
M Pickled perilla leaves Jang Sang-Gwon 21.1.14 Sacheon-eup Household 2 years 4
12 Dwarfed anchovy sauce In-Seok Cheon 21.1.17 Sacheon—eup Household 3 years 7
13 Dong-a gochujang Jang Sang-Gwon 21.1.14 Sacheon—eup Household 2 years 3
14 Dong-a soy sauce Jang Sang-Gwon 21.1.14 Sacheon-eup Household 1 year 5
15 dong-a doenjang Jang Sang-Gwon 21.1.14 Sacheon—eup Household 1 year 4
16 Doenjang 18 years In-Seok Cheon 21.1.17 Sacheon—eup Household 18 years 5
17 Doenjang 5 years Kongji Eun Farm 21.1.18 Sacheon-si, Sanam-myeon Farm 5 years 4
18 Doenjang 4 years Jeong Wol Saem 21.1.19 Jeongdong-myeon, Sogok-gil Farm 4 years 5
19 Plum fermented tea Jang Sang-Gwon 21.1.14 Sacheon—-eup Household 1 month 3
20 Meju Kongji Eun Farm 21.1.18 Sacheon-si, Sanam-myeon Farm 1 week 5
21 Radish kimchi In-Seok Cheon 21.1.18 Sacheon—eup Household 1 month 3
22 Fermen:)i(\i/vgsfn ourd NH Yon(gjzgzgrrwat,?\vg;icultural 21.1.14  Sacheon-si, Yonghyeon-myeon (:Ac?c:ip?eurl;::/ael 1 year 5
23 Napa cabbage kimchi In-Seok Cheon 21.1.18 Sacheon—eup Household 3 years 3
24 Wild kiwi sap soy sauce Jeong Wol Saem 21.1.19 Jeongdong-myeon, Sogok-gil Farm 12 years 1
25 Wild kiwi sap doenjang Jeong Wol Saem 21.1.19 Jeongdong-myeon, Sogok-gil Farm 6 years 5
26 Sibjeon daebo tea Jang Sang-Gwon 21.1.14 Sacheon—eup Household 1 month 3
27 Acacia syrup In-Seok Cheon 21.1.17 Sacheon—eup Household 6 months 5
28 Thistle and red plum syrup Lee Da-Young 21.1.17 Sacheon-eup Household 5 years 4
29 Ogapi young shoots pickles Wucheon APFarm 21.1.14 Sacheon-si, Sanam-myeon Farm 5 years 3
30 Mulberry syrup In-Seok Cheon 21.1.17 Sacheon—eup Household 7 years 1
31 Soybean leaf pickles Jung Ji Won 21.1.18 Sacheon-eup Household 2 years 4
32 Green garlic stalk pickles Lee ll-geon 21.1.14 Sacheon-si, Miryong Village Household 1 week -

Protease AJAFs ASS Y3l 20% skim milk (BD, USA)E, amy-
lase:= 0.2% soluble starch (BD, USA), lipase= 1% Tween 80 (BD,
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Totod WiAZ Azl ofF Bel 258 Aol dEshn
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23l ad S BRI a4 B4 Edhed Wi § HERd
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Table 2. Isolation and growth conditions of aerobically cultured halophilic bacteria isolated from the fermented agricultural products on Sacheon city

Media MA"

No. Source Isolate N? RoA® TS NaCl (%) Temp. (C) pH

10 25 30 35 40 45 5 7 9
1 Soy saucel HR-66-1  + + + w)w + w w w = + w w
2 Soy sauce? JS-66-1 + + + + + + + + + + + + W
3 Soy sauce2 HR-46-1 + + + + w + + + + + + + w
4 Soy sauce3 JS-66-3 + + + + + + + + + + + + +
5 Soy sauce3 JS-54-1 + + + + + + + + + + + + +
6 Soy sauce3 HR-66-2 + + + + + + + + + + + + +
7 Persimmon vinegar JY-34-1 + w + w w w w w w w + W W
8 Wild peach syrup HR-38-2 + + + + - + w + w W + + -
9 Ganppang meju GH-120-1 + + + + + + + + + + + + +
10 Ganppang meju soy sauce JY-18-1 + + + + + + + + + + + + +
11 Ganppang meju soy sauce JY-18-2 + + + + + + + + + + + + +
12 Ganppang meju soy sauce JY-18-3 + + + + + + + + + + + + +
13 Ganppang meju soy sauce JY-18-4 w w + + + + + + + w - + +
14 Ganppang meju soy sauce JY-18-5 + + + + + + + + + + + + +
15 Ganppang meju doenjang  JS-13-1 + + + + + + + + + + + + +
16 Ganppang meju doenjang  JS-13-2 + + + + + + + + + + + + +
17 Ganppang meju doenjang  JS-13-3 + + + + + + + + + + + + +
18  Ganppang meju doenjang ~ JS-13-4 + + + + + + + + + + + + +
19  Ganppang meju doenjang  JS-13-5 + + + + + + + + + + + + +
20  Ganppang meju doenjang  JS-13-6 + + + + + + + + + + + + +
21 Ganppang meju doenjang  JS-13-7 + + + + + + + + + + + + +
22 Ganppang meju doenjang  JS-13-8 + + + + + + + + + + + + +
23 Ganppang meju doenjang  JS-13-9 + + + + + + + + + + + + +
24 Ganppang meju doenjang  JS-13-11 + + + + + + + + + + + + +
25 Gochujang JY-48-4 + + + + + + + + + + + + -
26 Gochujang1 JY-58-1 + + + + + + + + + + + + -
27 Gochujang JY-58-3 + + + + + + + + + + + + -
28 Gochujang2 JY-48-2 + + + + + + + + + + + + +
29 Gochujang2 JY-48-3 + + + + + + + + + + + + +
30 Gochujang2 JY-58-2 + + + + + + + + + + + + +
31 Gochujang2 JY-48-6 + + + + + + + + + + + + +
32 Gochujang2 JY-48-7 + + + + w + + + + + + + +
33 Pickled perilla leaves JY-30-1 + + + + + + + + + w + + +
34 Pickled perilla leaves JY-30-2 + + + + - + + + + + + + +
35 Pickled perilla leaves JY-30-3 + + + + + + + + + + + + +
36 Pickled perilla leaves JY-30-5 + + + + + + + + + + + + +
37  Dwarfed anchovy sauce  HR-35-1 + + + + + + + + + + + + +
38  Dwarfed anchovy sauce =~ HR-35-2 + + + + + + + + + + + + +
39  Dwarfed anchovy sauce  HR-35-4 + + + + + + + + + + + + +
40 Dong-a gochujang JY-26-1 + + + + + + + + + + + + +
41 Dong-a gochujang JY-26-2 + + + + + + + + + + + + +
42 Dong-a gochujang JY-26-3 + + + + + + + + + + + + +
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Table 2. Continued

Media MA?

No. Source Isolate NA? R2AY TS NaCl (%) Temp. ('C) pH

10 25 30 35 40 45 5 7 9
43 Dong-a gochujang JY-26-4 + + + + + + + + + + + + +
44 Dong-a gochujang JY-26-5 + + + + + + + + + + + + +
45 Dong-a soy sauce HR-2-1 + + + + + + + + + + + + +
46 Dong-a soy sauce HR-2-6 + + + + + + + + + + + -
47 Dong-a soy sauce GH-2-5 + + + + W + + + w - - + +
48 Dong-a soy sauce HR-2-9 + + + + w + + + + + + + +
49 Dong-a soy sauce HR-2-10 + + + + + + + + + + + + -
50 Dong-a soy sauce HR-2-7 + + + + - + + + + + w + +
51 Dong-a soy sauce HR-2-8 + + + + - + + + + + w + +
52 Dong-a soy sauce HR-2-12 + + + + + + + + + + + + +
53 Dong-a soy sauce HR-2-13 + + w + - - + + w w + + -
54 dong-a doenjang HR-1-2 + + + + + + + + + + + + +
55 dong-a doenjang HR-1-3 + + + + + + + + + + + + +
56 Doenjang 18 years DRM-41-56  + + + + - + + + + + - + +
57 Doenjang 18 years DRM-41-1  + + + + + + + + + + w + +
58 Doenjang 18 years DRM-41-2 - - + + + + + + + w + + +
59 Doenjang 18 years DRM-41-3 - - + + + + + + + w + + +
60 Doenjang 18 years DRM-41-4  + + + + + + + + + + + + +
61 Doenjang 4 years DRM-68-1 + + + + + + + + + + + + +
62 Doenjang 4 years DRM-68-2  + + + + + + + + + + + + +
63 Doenjang 4 years DRM-68-3  + + + + + + + + + + + + +
64 Doenjang 4 years DRM-68-4  + + + + + + + + + + + + +
65 Doenjang 4 years DRM-68-6  + + + + + + + + + + + + +
66 Doenjang 4 years DRM-68-7  + + + + + + + + + + + + +
67 Doenjang b years HR-56-1 + + + + + + + + + + + + -
68 Doenjang 5 years HR-56-3 + + + + + + + + + + + + +
69 Plum fermented tea GH-126-1 + + + + + + + + + + + + +
70 Plum fermented tea GH-126-2 + + + + + + + + + + + + +
71 Plum fermented tea GH-126-4  + + + + - w w + w - + + -
72 Meju JS-59-1 + + + + + + + + + + + + W
73 Meju JS-59-3 + + + + + + + + + + + + w
74 Radish kimchi JY-61-1 + + + + + + + + + + + + +
75 Radish kimchi JY-61-2 + + + + + + + + + + + + +
76 Radish kimchi JY-61-4 + + + + + + + + + + + + +
77 Fermented bean curd powder  jo 15-1 + + + + + + + + + + + + +
78 Fermented bean curd powder jo 15-2-2 + + + + + + + + + + + + +
79 Fermented bean curd powder  jo 15-3 + + + w - + w w w - - W W
80 Fermented coffee(1) GH-124A-1  w - + + + + + + + + - + +
81 Fermented coffee(2) ~ GH-124B-99 w + + + w + + + w w w + +
82 Napa cabbage kimchi JS-62-2 + + + + + + + + + + + + +
83  Wild kiwi extractsoy sauce JY-65-4 + + + + + + + + + + + + +
84 Wild kiwi extractsoy sauce JY-65-5 + + + + + + + + + + + + +

https://doi.org/10.13050/foodengprog.2025.29.1.89
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Table 2. Continued

Media MA"

No. Source Isolate ND  Road TSAd NaCl (%) Temp. () pH

10 25 30 35 40 45 5 7 9
85  Wild kiwi extractsoy sauce JY-65-6 + + + + + + + + + + + + +
86  Wild kiwi extractsoy sauce JY-65-7 + + + + + + + + + + + + +
87 Wild kiwi extractsoy sauce JY-65-3 + + + + + + + + + + + + +
88  Wild kiwi extractsoy sauce JY-65-2 + + + + + + + + + + + + +
89  Wild kiwi extractsoy sauce JS-65-2 + + + + + + + + + + + + +
90  Wild kiwi extractsoy sauce JS-65-4 + + + + + + + + + + + + +
91  Wild kiwi extractsoy sauce JS-65-7 + + + + + + + + + + + + +
92  Wild kiwi extractsoy sauce JS-65-8 + + + + + + + + + + + + +
93 Wild kiwi extractsoy sauce JY-65-10 + + + + + + + + + + + + +
94 Wild kiwi extractsoy sauce JY-65-11 + + + + + + + + + + + + +
95  Wild kiwi extractsoy sauce JY-65-12 + + + + + + + + + + + + +
96 Wild kiwi extractsoy sauce JS-65-9 + + + - + + + - + + + - -
97  Wild kiwi extractsoy sauce JY-65-9 + + + + + + + + + + + + +
98  Wild kiwi extractsoy sauce DRM-67-2  + + + + + + + + + + + + +
99  Wild kiwi extractsoy sauce DRM-67-4  + + + + + + + + + + + + +
100 Wild kiwi extractsoy sauce DRM-67-5  + + + + + + + + + + + + +
101 Wild kiwi extractsoy sauce DRM-67-6  + + + + + + + + + + + + +
102 Wild kiwi extractsoy sauce DRM-67-7  + + + + + + w + + w + + -
103  Wild kiwi extractsoy sauce DRM-67-8  + + + w w + w w w w + w -
104 Wild kiwi extractsoy sauce DRM-67-1  + + + + + + + + + + + + +
105 Sipjeondagbo fermented tea GH-127-1 + + + + + + + + + + + + +
106 Sipjeondaebo fermented tea GH-127-15  + + + + - + + + + + + + +
107 Sipjeondaebo fermented tea GH-127-16  + + + + w + + + + + + + +
108 Sipjeondaeho fermented tea GH-127-2 + + + + - + + + + + + + +
109 Sipjeondagbo fermented tea GH-127-10  + + + + + + + + + + + + +
110 Sipjeondagbo fermented tea GH-127-11 + + + + + + + + + + + + +
111 Seed soy sauce JS-101-2 + + + + + + + + + + + + +
112 Seed soy sauce JS-101-4 + + + + + + + + + + + + +
113 Seed doenjang JS-78-3 + + + + + + + + + + + + +
114 Acacia syrup jo 43-1 + + + + + + + + + + + + +
115 Acacia syrup jo 43-2 + + + + + + + + + w + + w
116 Thistle and red plum syrup  jo 39-1 + + + + - w w + + + + + -
117 Thistle and red plum syrup  jo 39-5 + + + + w + + + + + + + +
118 Thistle and red plum syrup  jo 39-2 + + + + + + + + + + + + +
119 Ogapi young shoots pickles HR-4-1 + + + + + + + + + + + + +
120 Mulberry syrup JS-44-1 + + w w w w w w w w + w w
121 Soybean leaf pickles jo 63-1 + + + + + + + + + + + + +
122 Soybean leaf pickles jo 63-3 + + + + + + + + + + + + +
123 Green garlic stalk pickles  JY-22-1 w w + + w + + + w w + + +
124 Green garlic stalk pickles JY-22-2 w + w + + + + + + w + + +
125 Green garlic stalk pickles — JY-22-3 + + + + + + + + + + + + +
126 Green garlic stalk pickles JY-22-5 + + + + - + + + + + - + +
127  Green garlic stalk pickles —JY-22-7 + + + + - + + + + w + + +
128 Green garlic stalk pickles JY-22-8 + + w + w + + + + W - + +

1),

94

marine agar, “nutrient agar, Jreasoner’s 2A agar, “tryptic soy agar, “well-growth, ®weak growth, ”no growth.
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Table 3. Phylum analysis of aerobically cultured halophilic bacteria isolated from the fermented agricultural products in Sacheon city

Phylum Class Order

Family Genus

Species

No.

Actinomycetota Actinomycetia Micrococcales

Bacillota Bacilli Bacillales

Caryophanales

Pseudomonadota  Betaproteobacteria Burkholderiales

Gammaproteobacteria  Pseudomonadales

Micrococcaceae Glutamicibacter
Micrococcus
Paenibacillaceae Paenibacillus
Planococcaceae Kurthia

Bacillaceae Bacillus

Exiguobacterium
Fictibacillus
Metabacillus

Caryophanaceae Rummeliibacillus
Sporosarcina

Staphylococcaceae Staphylococcus

Alcaligenaceae Alcaligenes

Moraxellaceae Psychrobacter

Glutamicibacter arilaitensis
Micrococcus luteus
Kurthia senegalensis
Paenibacillus tundrae

Bacillus altitudinis

Bacillus amyloliquefaciens
Bacillus aryabhattai
Bacillus atrophaeus
Bacillus australimaris

Bacillus cereus
Bacillus filamentosus

Bacillus glycinifermentans
Bacillus licheniformis
Bacillus megaterium
Bacillus oryzaecorticis

Bacillus paralicheniformis

Bacillus safensis
Bacillus salacetis
Bacillus siamensis
Bacillus sonorensis
Bacillus subtilis
Bacillus tequilensis
Bacillus velezensis
Exiguobacterium oxidotolerans
Fictibacillus gelatini
Metabacillus idriensis
Rummeliibacillus stabekisii
Sporosarcina aquimarina
Staphylococcus epidermiadlis

Staphylococcus hominis subsp.
hominis

Staphylococcus warneri
Alcaligenes faecalis subsp. Faecalis

Psychrobacter pulmonis

—_

fd
M

ARIA &9, 87, ofE 7PER Sl 2 3l |
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Table 4. Identification and extracellular enzyme productivity of bacteria isolated from the fermented agricultural products in Sacheon city

No Isolate Closed strain Sin(u‘i}llarity Extracellulr ejnzyme Sy Auxin Deieete
) Amylase Lipase Protease number
1 HR-66-1 Bacillus velezensis 100.0 - - - - NMC9-B49
2 JS-66-1 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B181
3 HR-46-1 Bacillus tequilensis 99.9 - ++ - - NMC9-B310
4 JS-66-3 Bacillus subtilis 99.9 +H+ - +H - NMC9-B183
5 JS-54-1 Bacillus paralicheniformis 100.0 ++ - ++ - NMC9-B190
6 HR-66-2 Bacillus paralicheniformis 100.0 ++ - +++ - NMC9-B309
7 JY-34-1 Staphylococcus epidermialis 99.9 - - + - NMC9-B27
8 HR-38-2 Bacillus velezensis 100.0 - - - - NMC9-B48
9 GH-120-1 Bacillus velezensis 100.0 +H+ - +++ - NMC9-B355
10 JY-18-1 Bacillus velezensis 100.0 +H+ - +++ - NMC9-B135
i JY-18-2 Bacillus australimaris 99.9 - ++ +++ - NMC9-B136
12 JY-18-3 Bacillus tequilensis 99.9 - + ++ - NMC9-B137
13 JY-18-4 Bacillus velezensis 99.9 - - +++ - NMC9-B138
14 JY-18-5 Bacillus filamentosus 100.0 +H+ - + - NMC9-B139
15 JS-13-1 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B156
16 JS-13-2 Bacillus tequilensis 99.7 +++ ++ +++ - NMC9-B157
17 JS-13-3 Bacillus tequilensis 99.9 +++ + + - NMC9-B158
18 JS-13-4 Bacillus safensis 99.9 - - +++ - NMC9-B159
19 JS-13-5 Bacillus amyloliquefaciens 99.8 +++ - +++ - NMC9-B160
20 JS-13-6 Bacillus safensis 99.9 - + +++ - NMC9-B161
21 JS-13-7 Bacillus velezensis 99.8 +H+ - +++ - NMC9-B162
22 JS-13-8 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B163
23 JS-13-9 Bacillus safensis 99.7 - + +++ - NMC9-B164
24 JS-13-11 Bacillus velezensis 100.0 +H+ - +++ - NMC9-B32
25 JY-48-4 Bacillus siamensis 99.7 +H+ - +++ - NMC9-B117
26 JY-58-1 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B129
27 JY-58-3 Bacillus velezensis 99.8 +H+ - +++ - NMC9-B131
28 JY-48-2 Bacillus tequilensis 99.9 ++ + ++ - NMC9-B109
29 JY-48-3 Bacillus amyloliquefaciens 99.8 +++ - +++ - NMC9-B110
30 JY-58-2 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B130
31 JY-48-6 Bacillus siamensis 100.0 +H+ - +++ - NMC9-B28
32 JY-48-7 Bacillus amyloliquefaciens 99.9 +++ - +++ - NMC9-B29
33 JY-30-1 Sporosarcina aquimarina 98.1 - - - ++ NMC9-B121
34 JY-30-2 Bacillus subtilis 99.9 +H+ - +H - NMC9-B122
35 JY-30-3 Bacillus licheniformis 99.9 + - ++ - NMC9-B123
36 JY-30-5 Bacillus subtilis 99.9 + - +++ - NMC9-B125
37 HR-35-1 Bacillus sonorensis 99.3 +H+ - + - NMC9-B258
38 HR-35-2 Bacillus sonorensis 99.9 +H+ - + - NMC9-B259
39 HR-35-4 Bacillus sonorensis 99.9 +H+ - + - NMC9-B261
40 JY-26-1 Bacillus tequilensis 99.9 +++ + + - NMC9-B126
41 JY-26-2 Bacillus tequilensis 99.9 +++ - +++ - NMC9-B127
42 JY-26-3 Bacillus tequilensis 99.9 +++ - + - NMC9-B128
96 https://www.foodengprog.org
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Table 4. Continued

No Isolate Closed strain Similarity Sl Cs Lty Auxin Deposited
(%) Amylase Lipase Protease number
43 JY-26-4 Bacillus tequilensis 99.9 +++ + + - NMC9-B25
44 JY-26-5 Bacillus tequilensis 99.9 +++ + + - NMC9-B26
45 HR-2-1 Bacillus megaterium 100.0 +++ - +++ + NMC9-B263
46 HR-2-6 Kurthia senegalensis 60.2 + - ++ - NMC9-B268
47 GH-2-5 Exiguobacterium oxidotolerans 99.9 +++ - +++ - NMC9-B424
48 HR-2-9 Bacillus tequilensis 99.9 +++ - +++ - NMC9-B43
49 HR-2-10 Bacillus velezensis 100.0 +++ - +++ - NMC9-B44
50 HR-2-7 Rummeliibacillus stabekisii 99.7 - - - ++ NMC9-B452
51 HR-2-8 Rummeliibacillus stabekisii 100.0 - - +H+ ++ NMC9-B453
52 HR-2-12 Bacillus velezensis 100.0 +H+ - +++ - NMC9-B46
53 HR-2-13 Bacillus velezensis 100.0 +++ + +++ - NMC9-B47
54 HR-1-2 Bacillus tequilensis 99.9 +++ ++ ++ - NMC9-B41
55 HR-1-3 Bacillus velezensis 99.93 +H+ - +++ - NMC9-B42
56 DRM-41-5 Bacillus altitudinis 100.0 - - +++ - NMC9-B436
57 DRM-41-1 Bacillus altitudinis 99.7 - + +++ - NMC9-B95
58 DRM-41-2 Bacillus salacetis 99.8 - - +H+ - NMC9-B96
59 DRM-41-3 Bacillus salacetis 99.9 - - +++ - NMC9-B97
60 DRM-41-4 Bacillus altitudinis 99.9 - + +++ - NMC9-B98
61 DRM-68-1 Bacillus licheniformis 99.8 - - ++ - NMC9-B104
62 DRM-68-2 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B105
63 DRM-68-3 Bacillus sonorensis 99.7 +++ - + - NMC9-B106
64 DRM-68-4 Bacillus sonorensis 99.8 +H+ - + - NMC9-B107
65 DRM-68-5 Bacillus velezensis 99.9 +H+ - +H+ - NMC9-B20
66 DRM-68-7 Bacillus velezensis 99.6 +++ - +++ - NMC9-B21
67 HR-56-1 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B50
68 HR-56-3 Bacillus velezensis 99.9 +++ - +++ - NMC9-B51
69 GH-126-1 Bacillus velezensis 99.8 +H+ - +++ - NMC9-B365
70 GH-126-2 Bacillus velezensis 99.9 +H+ - +H+ - NMC9-B366
71 GH-126-4 Bacillus velezensis 100.0 - - - - NMC9-B367
72 JS-59-1 Bacillus velezensis 99.5 ++ - +++ - NMC9-B187
73 JS-59-3 Bacillus velezensis 99.9 +++ - +++ - NMC9-B189
74 JY-61-1 Bacillus licheniformis 99.9 ++ - + - NMC9-B140
75 JY-61-2 Bacillus tequilensis 99.9 +H+ + +H+ - NMC9-B141
76 JY-61-4 Bacillus tequilensis 99.9 +++ + +++ - NMC9-B143
77 jo 15-1 Bacillus velezensis 100.0 +++ - +++ - NMC9-B216
78 jo 15-2-2 Bacillus tequilensis 99.9 ++ - + - NMC9-B217
79 jo 15-3 Paenibacillus tunarae 99.2 +++ - - - NMC9-B218
80 GH-124A-1 Metabacillus idriensis 99.5 - - +++ - NMC9-B361
81 GH-124B-99 Micrococcus luteus 99.6 - + +++ ++ NMC9-B362
82 JS-62-2 Bacillus glycinifermentans 99.9 + - ++ - NMC9-B191
83 JY-65-4 Bacillus tequilensis 99.9 +++ - +++ - NMC9-B112
84 JY-65-5 Bacillus tequilensis 99.9 +++ - +++ - NMC9-B113
85 JY-65-6 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B114
https://doi.org/10.13050/foodengprog.2025.29.1.89 97
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Table 4. Continued

No Isolate Closed strain A3y Extracellular e.nzyme activty Auxin DTS
(%) Amylase Lipase Protease number
86 JY-65-7 Bacillus velezensis 99.7 +H+ - +++ - NMC9-B115
87 JY-65-3 Bacillus sonorensis 99.9 +++ - + - NMC9-B118
88 JY-65-2 Bacillus sonorensis 99.9 +H+ - ++ - NMC9-B119
89 JS-65-2 Bacillus sonorensis 99.6 +++ - + - NMC9-B174
90 JS-65-4 Bacillus siamensis 99.7 - - +++ - NMC9-B176
91 JS-65-7 Bacillus velezensis 99.8 ++ - +++ - NMC9-B179
92 JS-65-8 Bacillus velezensis 99.6 +++ - +++ - NMC9-B180
93 JY-65-10 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B22
94 JY-656-11 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B23
95 JY-65-12 Bacillus velezensis 99.9 +++ - +++ - NMC9-B24
96 JS-65-9 Bacillus velezensis 99.6 +H+ - +++ - NMC9-B33
97 JY-65-9 Bacillus velezensis 99.9 ++ - +H+ - NMC9-B64
98 DRM-67-2 Bacillus licheniformis 99.8 - - ++ - NMC9-B100
99 DRM-67-4 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B101
100 DRM-67-5 Bacillus velezensis 99.9 +H+ - +H+ - NMC9-B102
101 DRM-67-6 Bacillus licheniformis 99.9 - - ++ - NMC9-B103
102 DRM-67-7 Staphylococcus warneri 99.9 - + - - NMC9-B18
103 DRM-G7-g  IPEOONCS fomins subsp. g9 g - - - - NMC9-B19
104 DRM-67-1 Bacillus licheniformis 99.6 ++ - +++ - NMC9-B99
105 GH-127-1 Bacillus tequilensis 100.0 +++ ++ +++ - NMC9-B368
106 GH-127-15 Bacillus cereus 100.00 +H+ - +++ - NMC9-B369
107 GH-127-16 Bacillus cereus 100.0 +H+ - +++ - NMC9-B370
108 GH-127-2 Bacillus cereus 99.9 +++ - +++ - NMC9-B371
109 GH-127-10 Rummeliibacillus stabekisii 99.9 - - - - NMC9-B485
110 GH-127-11 Rummeliibacillus stabekisii 100.0 - - - - NMC9-B486
111 JS-101-2 Bacillus atrophaeus 99.9 +++ - +++ - NMC9-B170
112 JS-101-4 Bacillus velezensis 99.9 +H+ - +++ - NMC9-B172
113 JS-78-3 Bacillus atrophaeus 99.9 +++ - +++ - NMC9-B200
114 jo 43-1 Bacillus paralicheniformis 99.5 +++ - +++ - NMC9-B226
115 jo 43-2 Bacillus amyloliquefaciens 99.9 +++ - +++ - NMC9-B227
116 jo 39-1 Fictibacillus gelatini 99.7 - - +++ - NMC9-B224
17 jo 39-5 Bacillus sonorensis 99.1 ++ - ++ - NMC9-B225
118 jo 39-2 Bacillus tequilensis 99.6 - - +++ - NMC9-B37
119 HR-4-1 Bacillus velezensis 99.6 - - +++ - NMC9-B269
120 JS-44-1 Staphylococcus epidermidlis 99.9 - - + - NMC9-B36
121 jo 63-1 Bacillus tequilensis 99.9 +++ ++ +++ - NMC9-B38
122 jo 63-3 Bacillus tequilensis 99.9 +++ ++ ++H+ - NMC9-B39
123 JY-22-1 Psychrobacter pulmonis 99.8 - - - ++ NMC9-B144
124 JY-22-2 Bacillus oryzaecorticis 99.5 ++ - +++ - NMC9-B145
125 JY-22-3 Bacillus aryabhattar 99.9 +++ - +++ + NMC9-B146
126 JY-22-5 Bacillus cereus 100.0 +++ - +++ - NMC9-B148
127 JY-22-7 Alcaligenes faecalis subsp. Faecalis 100.0 - - - - NMC9-B150
128 JY-22-8 Glutamicibacter arilaitensis 991 - - ++ - NMC9-B151
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Fig. 1. Phylogenetic tree analysis based on 16S rRNA gene DNA sequences
of bacteria isolated from the fermented agricultural products in Sacheon
city. Circular tree based on Neighbor-Joining (NJ) method (Saitou and Nei,
1987) and the evolutionary distances were computed using the Maximum
Composite Likelihood method (Tamura et al., 2004). Evolutionary analyses
were conducted in MEGA11 (Tamura et al., 2021).
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