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The purpose of this study is to test the effects of electrolyzed water treatment on dried-laver Pyropia sp. processing
facilities to control microbial contamination. Following the progression of the process to the next step, as well as
during the lapse between process operating hours, the contamination level of total viable cell counts (TVC) and total
coliform (TC) of laver increased. The TVC increased during the aging step, and after the molding-drying steps were
completed, it increased by approximately 2.0 log CFU (colony forming unit)/g. Freshwater used for processing in
April had a TVC of 4.31 log CFU/mL, which was more polluted than 2.61 log CFU/mL of seawater. Electrolyzed
water was used to treat the sponge used in the laver-molding process, which resulted in a 2 log CFU/mL decrease.The
TVC of dried-laver decreased by 1 to 2 log CFU/g when electrolyzed water was applied to the process. In conclusion,
application of electrolyzed water in dried-laver processing was shown to be effective in reducing the microbiological
contamination of the final product.
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TH(Lee et al., 1999; Ahn et al., 2001; Son et al., 2014). 2] 1]
A=A Qb Aol wet AR A A4 o9 sfia=et =4

o that ¢S] H7HJeong et al., 2017), AAA A2 B= g
2 gjo] w2 ntE7] o] n| A& 2 743KKim et al., 2016; Lee et
al.,, 2000), FHAE 0|3t v]7}E8A+H(Kim and Shin, 2014)
ol oyt uE o A71E A9 7k g I E At
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S At ah A i W97 WAL, el A=l glo] oA
ofl i 7| XA S=thar i A lom x| o] Ax|et -7 9l
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2004), 2| o] A A 9 22 dpAReEO] A ZH4s(Lee et
al., 2014), 0] 9] At A A IHKim et al., 2015)0]| T3t
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Fig. 1. Standard scheme of dried-laver Pyropia sp. processing and
sampling points in the processing plant.
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TVCE 434 (MFDS, 2020)2] A3 ¥ 2 ] EA| S o
whe} 23T, et A 0 = A3 4 A= 25 gofl phosphate
buffered salin (PBS) 225 mLZ 108 3]435}o] 25 S0 -2
SKBag Mixer; Interscience Lab. Inc., Woburn, MA, USA) 3}
Atk w2 A-S serial dilutiondte] 2 T4 34 H 1 mL& petri
dishef| £33t & plate count agar (PCA; Difco Inc., Detroit,
ML, USA)E AH&al & Hi o2 AdS 2dskelet. &
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TR WA S 3542°Coll 4] 4842 h v kA7l & FAE Hehe
Al«=3}] colony forming unit (CFU/g) 2.2 LFERY ATt
F(total coliform, TC) 2 E-H A A }w(fecal coliform, FC)
2 z|gker] o 2 X3ttt YA H-2 lauryl tryptose broth
(LTB; Difco Inc.)E AFE5F0] 35+1°Col|A] 2442 h, 48£3 h 5
o wljoFs}ich Al F o 4] TCL Brilliant green bile broth
2% (BGLB; Difco Inc.)E& AR8-510] 35+1°CoflA] 2442, 48+3
h FoF vjFsl3al, FC-2 EC medium (EC; Difco Inc.)E AF
8510] 44.5+0.2°Col| 4] 2442 h 5t i eFstelet. =G AT el
A ARE-3E LTB} 2P Al ol Al AHE-2F BGLB, ECHiA] &] 7
grla o] 7kart AR ko= FH3kal MPN (most
probable number) Tableo]] w2} MPN/100 g 2 LER Xt

4 71s 859 TRl MEEX]

2 Sl AREE TR Gl B)E AR
et A7) Eslla= HHolUd M7=l A, el o2
e} Aloj A = S E] o] 9l AHg2Hd B](Hychlogen-S500
Model; Techcross Inc., Busan, Korea)ol] 2] 3]j4] #| %o Ht}.
Adlolvg A7 el gz o= A7|2s] M U A7717F 22
Set, |5 400 mg/LE 2:29] &5k AT = = A%
et A7) wal A, AFs A AR 2 = of Qi 7§
(&g, F) e A2y o= sl nkE 7 QI
Hittol|l A Hx = Folge] HA 2] o}t BEE o835t 10 u
ool g JES AAT & M7 A 2 A efste] At
5] Qb2 a0} BRBIALT, Bt F2 Aol ol el
o 1A 2] A5 94 ofz} Wel 2 Aele 5 A7) Ralel &
slolo] 34 o AR5 tH(Techeross Holdings Inc., 2019). 7}
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Fig. 2. Washer for sponge in dried-laver Pyropia sp. processing.
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o o g=g LAt

S7xz2]

& Q170] Aol 3t £-2492 19571 Siste] spSs xz
13 ol gtol AN sech AFLE 7] S04 B

j=a=1
2 BAREA B P<(.05 45|l A] Duncan's multiple range test
£ AAJsteith
Zo W oy

d Mz S HAoM EE old=E 4 Hat

TVCE 199 7 A& o A A& S-1,S-2, S-3, S-4, S-50]|
A 7+2+2.0,3.2,3.5,3.6, 6.7 log CFU/g 3+ Vel o, 2
240.25,35,38,43,6.6log CFU/g, 392 1.8,3.7,4.5, 4.6,
7.6 log CFU/g g2 YEFH QITHFig. 3). FAH 02 7hg &
go] MY EHA TVCZF F7ketaL, 53] </ 2H<l S-304
Az & AA 2F SAE S-5 FHolA TVCT 2 log
CFU/g o]} S71ebe A o2 Uetith o= A4S AX
E7o] 49, Az S AR El=t, B4 ol A o] A
E= A oJFt WAt 0.9, A% I A (H R =
45-50°C, Hat A% A 2A17F3048) 2% R A AR Q1%

Table 1. Changes in the total coliform and fecal coliform of laver Pyropia sp. following processing steps at different month

(Unit, MPN/100 g)

S-1 S-2 S-3 S-4 S-5
Month Total  Fecal Total  Fecal Total Fecal Total Fecal Total Fecal
coliform coliform  coliform  coliform coliform coliform coliform  coliform coliform coliform
January <18 <18 20 <18-20 <18-20 <18 <18-20 <18 <18-37 <18
February 18-45 <18 20-45 <18-20 290-3,100 <18 20-45 <18 1,100-4,900 <18-45

March <18-20 <18 <18-37 <18

11,000-54,000 <18-20

1,100-4,900 <18-20 17,000-160,000 110-230
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Fig. 3. Process-related change in the total viable cell counts of la-
ver Pyropia sp. at different month.
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o, 19 A&+ S-1914 S-521 8712 g4 o] ZIg=HA TC
o] W= <180 A5 E <18-37 MPN/100 g %+ UrElfSL
a1, 2928 184504 %E 1,100-4,900 MPN/100 g, 3€-&
<18-200f| A 5-E] 17,000-160,000 MPN/100 g ZH-& Ho]F=gl
ok FCO| H 9= 1¥€0ll= S2& AlQlstal HE g etA oA
<18 MPN/100 g 3+ VeRf gl o 292 S-50]14] <18-45
MPN/100 g, 392 S-3, S-4%} S-50)| 4] ZFz} <1820, <18-20,
110230 MPN/100 g %k YeEbH itk TCO 7 -9-oll= 75
o] ol uhet /45 lA S7Fskal AE A 3 ollA
Hash 2FAAFANA A S7 ok A2 UERTh FC
2 7hs 3749 Xgef whE §ishe] sfel vehbA] erokA|nk
193} 29 ek 39 Y33 A Zof| A FCo| 110-230 MPN/100
g O & v A A UEpyith AR 0 2 7y g o] Zlg=H
A TVCE IR 0| E7 F7Bhe A Holal 9]

= AUeE A A 665

o] & Aif= 1o Al vhE HEo 3d3t 4dof Alxg
£719] TVC7} th4: =th= Han (2017)3} Noh (2016)2] 1
oF QAR o] A2 7580 o] AR 52 Al
off AlzH HollA ndEe] L HPrer}t S7HE= Adt do]
S A0 R gE|o] X},
2 4 HMZE Al A8El= 718 S0l TE 0|4= Ha}
A
oRE A AR A ARSI 7R e 3R dlaeet T
7R ARGE oI whEbA S of] ARG-ElE st Hee
o] ¥ 2%, pH, ¥, §E4, vBESH EAA0E
Table 201 YER| ATt sli<=9] 729, 34, 4] 2= 2t
7+4.3,9.0, 11.0°C, pH:= 7.8, 9.0, 8.0, 9 =+=35.6, 34.1, 34.8
psu, FEAFATRS 14.6, 11.5, 9.8 mg/LE UEITh TVCE 2
9,39 9l 49o] 77} 1.22, 1.43,2.61 log CFU/mL, TC-S- 2.0,
7.8, 6.3 MPN/100 mL, FC-& <1.8, <1.8, 4.0 MPN/100 mL 2]
2 UeERd ). die2] TVCE 293 390 vl3 vl 5
0] 32 490] 1.4 log CFU/gold 52 A 0.2 2RI=3]Tt.
TCS 390 7.8 MPN/100 mL 2] Zho & Ueh} 44 R e} =7
UEPA G 49 6.3 MPN/100 mLE 20| B4 =7
UrEbstTh FCO| 7 9-olli= 293} 3 olli= AEE A AT 4
o= 4.0 MPN/100 mL 2] gfo] A& Ut sf+= 283 3
Hof v|3|] 20] 2 49| TVC7} &7 7& 5] Choi and
Jeong (2001)7} FARRE AiHE UEhlen], TC % FCol H]
WA A ASEHAS @ B9 29, 349, 499 2EE
747+ 6.2, 9.5, 13.0°C, pH:= 9.0, 8.8, 7.3, ¥%== 0.3, 0.6, 0.1
psu, S-EAATLS 12.1, 8.1, 9.2 mg/LE etk TVCE 2
<, 39, 490] Z+7} 2.24, 2.73, 431 log CFU/mL, TC2 79,
170, 130 MPN/100 mL, FC& <1.8, 2.0, 4.0 MPN/100 mL 2]
2 Uepli et Bpo] TVCE 293 390 vj3) vl 4
20| =2 490 43 log CFU/ge| gto =2 7H} =2 A0 = 3
olE]glth TCS 3€9] 170 MPN/100 mL] ko2 vieh} 4

=]
- =2

32 Nk

O
4

2lis

Table 2. Changes in temperature, pH, salinity, dissolved oxygen, total viable cell counts, total coliform and fecal coliform of processing

water at different month

Seawater Fresh water

February March April February March April
Temperature (°C) 43 9.0 11.0 6.2 9.5 13.0
pH 7.8 9.0 8.0 9.0 8.8 7.3
Salinity (psu) 35.6 341 34.8 0.3 0.6 0.1
Dissolved oxygen (mg/L) 14.6 11.5 9.8 12.1 8.1 9.2
Total viable cell counts (Log CFU/mL) 1.22+40.09°  1.43+0.148  2.61+0.20° 2.24+0.19*  2.73+0.09*  4.31+0.11°
Total coliform (MPN/100 mL) 2.0 7.8 6.3 79 170 130
Fecal coliform (MPN/100 mL) <1.8 <1.8 4.0 <1.8 2.0 4.0

CFU, Colony forming unit; MPN, Most probable number. Mean values with different lowercase letters in the same row are significantly

different (P<0.05).
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Table 3. Changes in total viable cell counts, total coliform and fecal coliform of processing water before and after application of electrolyzed

water in time related laver Pyropia sp. processing

Seawater

Fresh water

Lapse of pro- Total viable cell

Total coliform  Fecal coliform

Total viable cell Total coliform  Fecal coliform

Cesﬁrgg"zf)t'"g (LOQC%UF"GS/mL) (MPN/100 mL) (MPN/100 mL) (Log;:%anlEls/mL) (MPN/100 mL) (MPN/100 mL)
0 0.8640.10° 6.8 45 1.13£0.16° <18 <18
Before 6 0.8740.11 1 <18 2.4040.06° 280 13
disinfection 12 0.71£0.172 45 2.0 2.47+0.14> 170 7.8
24 0.66+0.237 8.2 <18 2.7540.14° 170 2.0
0 ND' <18 <18 ND' <18 <18
After 6 ND <18 <18 ND <18 <18
disinfection 12 ND <1.8 <1.8 ND <1.8 <1.8
24 ND <18 <18 ND <18 <18

'ND, Not detect. CFU, Colony forming unit; MPN, Most probable number. Mean values with different lowercase letters in the same column

are significantly different (P<0.05).

ARt =7 Yep A 4€e] 130 MPN/100 mLE 24 e] H]
A= A UERLTE FCY| 7-9-oll= 2ol A& A oot
2|9k 393} 4€0]| z+zF 2.0, 4.0 MPN/100 mL2] Zlo] A&
At HEo| A afja=et uprirbA] 2 293t 39 o] vlsf 49|
TVCe} FCo| v A w7 HAEH = A& It g
=219 o]& AA o]+ FHHEH &S AAT| $Igt 54
O AIH, 5437 0lA AFEE L gl L dH AFHSE AL
|3 A = ukE Ao n = 40 Fas IS 71d
217} 9t} Table 3-2 vh27] 7hg 57g ofl ARE-E] = 3ll=2} A
SE 7he AITPEE 2|54 0 8 HUERSHHA 7|4
£ ARSRE AT ARGSEA] 82 et RSkl n| g E L E
£ vlustoct. dlE A7)l Aglsto] AHEH 8422 2R
A 5% 7.1 ppm, T2 790l = 6.6 ppme] o™ 7 7t
& SACA At $7859] 78l A9 5= 2.6 ppm,
&40 Foll= 1.3 ppmo| L AE A S5 AR A AFHE &
oflAl= 1.8 ppm & & YERSITE o]= Fig. 10| &7} 72F &
AEE 6.6-7.1 ppm FEE A|&H 07 FFE A A|N E7]
o] wk-g-o o3f faasFo] haE7| wlEolch A 7] &)
2 oot @E A S A SulEee AEEA g0k,
TC, FCol A <1.8 MPN/100 mLE Urelfjo] At glS &h¢ls}
Aot 3% 7Hs Akl whE ukE] 7 3ol FY s
T A&A 0 & Hgkglo] S A& A 0= UErTh
23 7hgolls oY sfigeet B B sk dRE
Aestals 2] JA A= A =A] o= sllaeet &
G5 ARESEL Stk B3| W= A5k ool Ald A o7
BTt BE3 A oll= 5Hd, AR BS T804 o] &5t
U= AE 9lo] o5 7y 820 YA EAI7F i H 7
% gtth(Baek, 2020). A7HA] k271 F7g o) A Al H == ARE-
8kl Qli= sflaell thet T 7122 fle e o)) AlEdyt
3t 3F FEAORE AEESE He B ARl At A

o Hof gt & AT AT 49} BB A7) B
SH she A mh2g) AEERe) 850 A BAS
shasHs weto] B 4 glrka ofAltt.

AEX] MA7|of H7|Z2she M0 IE d 'gut

R ARGl A SHA|(27 X 24 x4 em)= <74 PR
=40l Az A Y S0l FUE £ F2kste I oA ARE-H
oA = BAIEES ALK R S5 Ml Jlow W AR
ol whet n] s @Yo FH el o upebE 1 Qlrk A A
A2 7] (Pulmuggong, Kwangju, Korea)t= 2 H 2] of] £-2 HA}
TF & RNt e IS 103] HHESH= ZS(1 cycle) 7122
2 Mg sto] AH ]9 ofm5 Aloful7] flste] ARgskaL Sl
g 150 mg/L 5=2] A 7]Eell~5 4]-8-3F 2= Table 4 1t
Eh Qlet oHF AYS mh AR 2 A4 EAX] =
9] TVCE 5.82 log CFU/100 mL, TC2 >160,000 MPN/100
mLo] HEE31, FC2 HEHA gieh wh d7]2sf

Table 4. Microbial contamination levels of sponge following disin-
fection with electrolyzed water

Total viable Total Fecal
Washing cycle’  cell counts coliform coliform
(Log CFU/mL) (MPN/100 mL) (MPN/100 mL)
0 (used sponge) 5.82+0.12° >160,000 <1.8
1 2.5940.132 4.5-23 <1.8
2 2.55£0.172 2.0 <1.8
3 2.5140.082 <1.8 <1.8

'Repeat the process of compressing and dehydrating the sponge 10
times with electrolyzed water. CFU, , colony forming unit; MPN,
most probable number. Mean values with different lowercase let-
ters in the same column are significantly different (P<0.05).
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2 A AE |9 TVCE 2.59 log CFU/mL, TC2 4.5-23
MPN/100 mL, FC-2 HE =] ¢hlth. AHAE 7|22
A A At e o, TVCE 9F 3.2 log CFU/mL #-2|4 2.2 7+
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& 52 nhEd 7 349 AIRPE TVCE 4] A= Table
59} Table 6°]] LebLt O]‘:} 7}“‘ ’Q“_l‘—‘] A7) 2=

Z}&.h O] 2] R| Z] QAT TCH}F FC2 >160,000 MPN/100
mLoA] <1.8 MPN/100 mL7}A] 74 % gt AH 2|2 TVC

o et 2 PEIt ST Y F UG BsHe oM 2
o] olgt WAL A0 A vk 7o) nAR LA}
ofx]7] wjiZoll 2 F 7121 Ao At H WA= 28

A A7 HL3tHS o o ,6h,12

7}742.12,2.10, 2.20, 2.62 log CFU/g, mj %xgg— 7}2}2.54,
2.30,2.23, 2.54 log CFU/g Lo 5 223} o
A AEE T A7 E8l=E AeshA] g2 Y= A% s

Table 5. Changes in total viable cell counts of dried laver Pyropia sp. before and after application of electrolyzed water at processing steps
(S-1 to S-5) depending on plant operating time
(Unit, Log CFU/g)

Lapse of Before disinfection After disinfection

process

operating S-1 S-2 S-3 S-4 S-5 S-1 S-2 S-3 S-4 S-5
time (h)

0 3.07+0.13"® 2.60+0.15* 5.45+0.03%° 4.47+0.12°C 7.43+0.03% 2.12+0.13%* 2.54+0.02° 4.20+0.14° 4.10£0.12°¢ 5.17+0.112°
6 2.86+0.06*" 2.51+0.112* 5.2640.09°° 4.41+0.082C 7.53+0.02*F 2.10+0.10% 2.30+0.05% 4.88+0.14° 4.26+0.10C 5.17+0.22%¢
12 2.77+0.05* 3.02+0.13 5.23+0.04°° 4.33+0.08%C 7.54+0.10% 2.20+0.04°* 2.23+0.07%* 4.49+0.10° 4.22+0.21°8 6.14+0.13*°

24 2.6610.24%* 2.63+0.30% 5.27+0.14°C 4.42+0.19%® 7.54+0.02%° 2.62+0.85°* 2.54+0.07"* 5.43+0.09° 4.21+0.16°5 6.31+0.12°0
CFU, colony forming unit. Mean values with different lowercase letters in the same column for by the hour are significantly different

(P<0.05). Mean values with different uppercase letters in the same row are significantly different (P<0.05).

Table 6. Changes in total coliform and fecal coliform of dried laver Pyropia sp. before and after application of electrolyzed water at process-
ing steps (S-1 to S-5) depending on plant operating time
(Unit, MPN/100 g)

Process S-1 S-2 S-3 S-4 S-5
operating  Total Fecal Total Fecal Total Fecal Total Fecal Total Fecal
time (h)  coliform  coliform  coliform  coliform  coliform  coliform  coliform  coliform  coliform  coliform
denecion O 78 <18 130300 <1820 e, <8 gnes 18 gy <18
6 4578 <18 220700 <18 oO0h <18 RO <te20  LEOUL <1878
12 78330 <1820 130490 <18 [0S0 <ts  SROCL S <s JRONL <1820
24 <820 <8 gy <1820 Jgine, 245 iooee % teonooo <1
denfecion O <1820 €18 45490 20 ol 20 gon <8 gy <8
6 g 145 ST <8 e <8 Ton <18 Ghp <18
2 0470 <18 f80 <8 o0 <s S <s SO0 <1
24 B0 <8 gop <8 goon < pyonp <18 dshooo <1

MPN, most probable number.
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A 27] 7} 3.07 CFU/g e & Uehyl=t] o]= AdS 3
49 9] sj-27} oprl Bre & AYzbw ] ohd HH HujE
Aol A 14, 2] vl 399 mAE L=t =30d 2t
oF AX|ehrhal AztEnh oA debggom AP S
o, 7k &9 ARl A8oHA 4 THrE A olA=
s S QT ST AR HAAIRE A85 ¥
2dh= A Bt T3 Aol A(S-2) 43878 25 (S-3)
A& off, TVC= A 57Fhe 23S 23k ol=
oA B oF 3AIZE 5ot S5 1Y & w7179k
H] 59 uate o g Qlsto] o]2j3t Auprt et Ao o
ek 3 54 & S3H(S-4)ollA FF AAIES-5) R F
o] Xy ol et A7 el 4=5 A-8-5HA] g2 T ollA=2
log CFU/go| 2] TVCZ} Z7 st AR 283t 3ol A= 5
7FE7t EolE A S ' Vet

A7) &5 A-8okA] E2 549 2T dAES 587
0h, 6 h, 12 h, 24 h A& A Z+z} 7.43-7.54 log CFU/g A%
2 UERg o, A7l 28 9] Fg o= 12 log W
Ao ATE ol 34 7hsAlgke] Ao A&
srE A8et FA 2 SAIFolAE 5.170014] 6.31 log CFU/
g7HA F71el =t ol AR X3t 44 9] 7]20] AL
v]al obA Al 7hE-84= 0] 2L/t v, 7171, Aulo]| gt
WA} 0. FOf ol 7kR] & Q4xof o7k PRFO R o AXIT

A= mtEgoflA s & Aldtes 3.3 X 10°014] 6.5x10°
CFU/g, 4= <189 4 5-E] 1,800 MPN/100 g7H4] 7
Z=9th= 218k 1(Son et al., 2014), E T2 A A3t
o M= 6 log CFU/g o]4+9] TVCE WERHATHAD and Lee,
2000; Jo el al., 2004). Noh et al. (2019)0] w2 =1 A| ks
ol m27] A= 43702] B Hld47} 6.9+0.87 log CFU/gO]
AEEL, A 4.0 log CFU/gol A ] 7.7 log CFU/go| 2}
3L Hskh Al ookt A of A2 7% W A o wf
EY PAESAERO olS7E, AR, 2uldY eert
& AR R 3, 3 SOl gt 71 gl rE of o
gF 7132 gl Aol @A HEA 2ol gk 914 7]
& EAEHA] AR o]52 2oyt g Ao YRR
A= o]-§=7] wizoll AAtE Aol Al ml =S el = P ast
t}. o]} 3| st Tt vhE A 7R A=
A e 4= s A=A 9l et HE R oof gttt 78
2F dAlIFol HAEZ|I7HA] E FAollA AFEE]7] wfZ
8 @ Qo 7Y F FEE vl B3 A E -2 ol
A ARG EE AR = A F 5T o) Fskar lE Eol whA
oA EHA ol s 541 AL G o] i A = 28
o Sleh mkEA 7ol Al 2 Aol ABAtE 7174
AR n &S @ Q5o ol AR M7 Eal
TE o83 7y 850 A AR St AUAE AR A

A gl wAFHE nhE7] SA|Fo A o] mAE S
= 5 QS Ao 7wty ol ),

ox L

AL
I

2 APE BEdish 20213 E A7 34 A9 Aol
ofafo] elE|9on], o]o] ZAL=Y .
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