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Abstract

We examined the antimicrobial activity of electrolyzed alkaline water against spoilage microorganisms in
rice warchouses. Dominant microbial species were isolated from paddy, dust and air samples of three different
warehouses located in Gyeongnam. We used electrolyzed alkaline water (EW) manufactured over various
treatment times. The acidities (pH) of EW treated for 30 sec, 1, 2, 3, and 4 min were 8.89, 891, 9.20, 9.35,
and 9.22, respectively. HCIO contents were 150.7, 314.2, 191.8, 104.1, and 255.3 ppm, respectively. EW inhibited
bacteria, yeasts, and molds; also, it inhibited three yeast species strongly. The antimicrobial effects of EW
increased as pH values and HCIO contents increased. EW obtained after 30 sec treatment retained the
antimicrobial activities after 14 days whereas EW obtained after 1 and 2 min treatments retained the
antimicrobial activities after 21 and 24 days, respectively.
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Table 1. Isolated microorganisms from paddy

Micro- . . - Percent Percent of
organisms Dominant species Characterization of match dominant species
Sphingomonas paucimobilis  yellow colony, round, gram (-), cocci 74.80 31.24
B . Arthrobacter atrocyaneus vellow colony, round, gram (-), cocci 4350 22.34
acteria . .
(26 species) Xanthomonas arboricola yellow large colony, round, gram (-), cocci 2.40 19.41
Bacillus macerans light orange colony, round, gram (+), cocci 16.50 6.37
Bacillus spp. clear white colony, gram (+), coccobacilli 6.80 3.81
Total 83.18
Deuteromycetes (A) cream to pink, produce raddish pigment NDV 50.00
Mold .
(5 species) Phoma spp. . white, non spore 60.90 3050
Deuteromycetes (B) dark brown, spore ND 13.80
Total 94.30

*(A) and (B) were identified as Deuteromycetes under microscope but those were not matched completely.

UND: not done.
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712 e AHH(Table 1). ©1714 Deuteromycetes (A)<}
Deuteromycetes (B #w|7 o2 #alsle] 29 o
Tl #Falglgl ot 2L #HUS FAHA S ¢ 9l 99
2 A, BE 7% zlojr}h
AEA Y F2AAA o] HA A HHE =y E B
F &AM A3 AlEE E 11750 EEEglen Bed
AlF AAY 72.02%F AR e $HE
paucimobilis, Bacillus cereus, Curtobacterium flaccumfa-
ciens, Bacillus spp., Bacillus sphaericus® 93 % onf of
Fio] % SA Tl Ak FFole F 49%0] FEHAL
w o] & F%e]9] 86.36%F AA|3te A EL Aspergillus

-2 Sphingomonas

64.30% & AR sl 71 3 E4Q Deuteromycetes (B)2}
Al & 39.73% 5 AR 38k= Sphingomonas paucimobilis,
Bacillus spp.= #atol] A&} glel Vet x =& 9l
22 wbAE wE23 2 Ao Aw o 3] vEhd =
13< o <+ A=K (Table 2).

S @
A 339 A2AAZIWE F

O

ZA5l -8 AL
Az Ade & 64%°] FeEHen AS-1, AS-2
Sphingomonas paucimobilis, AS-3, AS-4, AS-5, AS-67}
A 9] 50.15%F AA e HES R eldt) aey
AS-1, AS-2, Sphingomonas paucimobilis, AS-35 ||t

‘4”17‘] & 5% wlEre] Yo u)4-g ndtl Edol: &
Fo] RejHglen Ruld Fgo]o) 82.72%F ARk
'rzq“’:“— ®  Deuteromycetes (B), Aspergillus orvzae,

Penicillium spp.olgom o] & 713 & w|§L 1ql
Deuteromycetes (B)%} Aspergillus oryzaex 22 V&3t

Zae) AAje = dAE }—OI%D}(Table 3). o] Az
Mheen 5(23)e] 73 2 Au]Z20] FHol B3 AT
A dvle} e 2 8 FejH FFo] & Aspergillus7}
11%, Penicilliume) 5& 2.2 713 & & A sla gtk

nidulans, Aspergillus orvzae® W& At =¥ Ffo] = A% fARE AE vepigl e B A3AS F Asper-
Table 2. Isolated microorganisms from dusts in the rice warehouses
Micro- . . s Percent Percent of
. Dominant species Characterization : .
organisms of match dominant species
Sphingomonas paucimobilis yellow colony, round, gram (-), cocci 7480 2497
B . Bacillus cereus white colony, gram (+), streptobacilli 3.30 14.76
acteria . . .
(117 species) Curtobacterium flaccumfaciens yellow cglony, round, gram (=), cocci . 74.10 13.81
Bacillus spp. clear white colony, round, gram (-), coccobacilli 6.80 12.96
Bacillus sphaericus white colony, irregular, gram (-), coccobacilli 58.0 553
Total 72.02
Mold Deuteromycetes (B) dark brown, spore NDV 64.30
(49 species) Aspergillus nidulans dark green to deep green spore 51.2 13.30
D Aspergillus oryzae dark green, spore 62.6 976
Total 86.36

UND: not done.
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Table 3. Isolated microorganisms from air in the rice warehouses
Micro- . . . Percent of Percent of
organisms Dominant species Characterization match dominant species
AS”-1 yellow colony, round, gram (-), cocci -2 16.18
AS-2 white colony, gram (+), streptobacilli - 9.06
. Sphingomonas paucimobilis  yellow colony, round, gram (-), cocci 74.80 6.47
Bacteria .
(64 species) AS-3 yellow colony, round, gram (-), coccobacilli - 6.47
AS-4 clear white colony, round, gram (-), cocci - 4.85
AS-5 white colony, circular, raised, serrate - 421
AS-6 clear ivory colony, circular - 2.91
Total 50.15
Deuteromycetes (B) dark brown hyphae, spore ND? 51.47
Mold Aspergillus oryzae dark green, spore 62.6 26.85
(59 species) Penicillium spp. dark green to deep green, dark green Spore, 58.0 4.40
produce tannish soluble pigment
Total 82.72

YAS: The strains were isolated from air in the warehouses.
Y_: Not identified.
#ND: not done.
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Table 4. Physicochemical properties of electrolyzed water
obtained after different treatment times

Time pH HCIO (ppm)
30 sec 8.89 150.71
1 min 891 314.18
2 min 9.20 191.84
3 min 9.35 104.08
4 min 9.22 255.31
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Table' 5. Antimicrobial activities and physicochemical properties of electrolyzed water obtained after different treatment

times on Curtobacterium flaccumfaciens

. 30 sec 1 min 2 min
Storage period
(days) oH HCIO Clear ol HCIO Clear oH HCIO Clear
(ppm) zone (ppm) zone (ppm) zone
0 8.73 1635 + 9.11 266.7 e+ 9.25 290.9 e
3 8.38 154.4 + 851 264.0 ++ 8.49 383.2 ket
7 815 1355 ++ 8.21 198.2 ++ 8.25 262.0 ++
10 8.08 1149 + 8.12 160.6 ++ 8.23 246.4 ++
14 8.13 106.0 + 8.24 1395 + 8.27 1835 ++
17 8.13 102.7 - 8.16 1284 + 8.18 163.6 ++
21 8.12 89.5 - 813 1156 + 8.25 1456 ++
24 8.07 872 - 8.10 105.3 - 8.13 146.1 +

U+, smaller than 2 mm; ++, 2~5 mm; +++ 5~8 mm.
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Table 6. Antimicrobial activities of electrolyzed water
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Microorganism AS1 AS2 Baci lly acillus Arthrobacto acillus Curtobacte_rz um Sphzngomqngs
sphaericus marcerans atrocyaneus cereus flaccumfaciens paucimobilis
Clear zone size” ++ e+ + + ++ . e s

Y4 smaller than 2 mm; ++, 2~5 mm,; +++, 5~8 mm.

Table 7. Antifungal activities of electrolyzed water

Microorganism Candida Candida  Candida  Deuteromycetes Aspergillus  Aspergillus Penicillum Aspergillus
g deserticola valida ernobii (B) oryzae nidulans Spp. Spp.
Clear zone size" ot . ot + e + bt

”+, smaller than 2 mm; ++, 2~5 mm; +++, 5~8 mm.
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