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Microbial Hazard Analysis and Microbial Changes in Processing of Dried-laver

Manufacturing Facilities

Kion Kwon

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Processed-laver products are one of major fisheries product, especially for
export. However, there is an issue related with microbial contamination in the
processed product of dried laver which is been used for exporting. The current
study was conducted to analyze the levels of microbial contaminants and to
evaluate the microbial hazard during dried—laver processing process. Total 321
samples were analyzed which are obtained from 18 of dried-laver processing
facilities. Samples include water, swab samples, processing samples and final
product. The levels of microbial contaminantion including viable cell counts
(VCC) and coliform groups increased as the process progressed. VCC was
determined at high levels with mostly exceeding 5 log CFU/g. In addition, the
levels of VCC and coliform group dramatically increased after 4 day of
continuous processing, suggesting that the microbial contaminants mainly
originated from cross contamination during the process. For heavy metal
content, lead ranged from 0.35 to 0.54 mg/kg, and cadmium 0.76 to 1.67 mg/kg
dry mass in all finished products. And this study also investigated the effect of

NaClO and ultrasonication treatment on the microbial reduction of dried laver

il



during aging process. Compared to the control, there was no change after NaClO
and ultrasonication treatments. Thus, the results suggest that it needs for
regular cleaning and disinfection to improve the safety of dried-laver during the

processs.
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Fig. 1. Scheme of dried-laver processing process and sample collection in dried-laver
processing facilities
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Table 1. Bacteriological levels of intermediate and final products obtained from the process of dried laver products in Goheung

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Factory Month (Process Step 1) (Process Step 2) (Process Step 5) (Process Step 6) (Process Step 8)
vce cG EC vce cG EC vce cG EC vce cG EC  vCC cG EC
A Jote.3 397 3100~ 490~ 390 4900~ <18~ 397 1300~ 490~ 500 5400~  _.. 823 7900~ 140~
3 10.06° 4600 790  $0.10° 7,000 270  $0.25° 2300 1,300 #0.10° 54,000 £0.23° 17,000 330
so17.4 273 20~ g 350 20~ <18~ 505 640~ .. ss0 24000 797 5200~ o
1 w0110 130 £0.50° 78 20 £0.07° 2,800 £0.00° 000 £0.06° 92,000
Jo17.g <218 45~ <18~ 397 a30 <18~ 263 210~ <18~ 293 3300~ 170~ 507 7900~ <18
‘2 10000 130 230 $0.21° 330 £0.25° 2300 1,300 £0.25° 13,000 3,300 0.15° 33,000
<218 <18~ 275 230~ 3.40 78~ 523 4,300~ 742 22,000~
B 2016-3 10000 20 <18 0072 49000 <18 10080 170 <18 4045¢ 92000 <" 1021 160000 <18
447 170~ <18~ 430 790~ <18~ 567 23~ 580 1,700~ 863 35,000~
2017.1 10400 1,100 20 $0.40° 2,200 20 $0.06° 490 <18 4000 3300 <" 1006 92,000 <18
Jo17.g <218 78~ <18~ 350 68~ <18~ <218 45~ <18~ 280 220~ <18~ 632 4,900~ <18
‘2 10000 330 40  $030° 330 270  $0.00° 230 45  £0.10° 790 68  :0.26° 13,000
c 63 283 <18~ 433 20~ <18~ 327 1,000~ <18~ 533 8100~ _.. 810 35000~ <18~
3 40152 78 £0.15° 170 45 £0.11® 54000 78  £0.30° 35,000 £0.10¢ 92,000 40
so17.4 280 M0~ <18~ 480 470~ <18~ 420 490~ <18~ 360 4900~ .. 757 5200~ <18
1 1036 790 20 $014° 3,300 20 £0.00° 2,800 20 $0.20° 13,000 £015° 17,000
Jo17.g <218 170~ 45~ 2.83 20~ 20~ 263 790~ 55~ 347 230~ .o 410 2,300~ <18
2 10000 230 170 021" 230 230 $0.32° 4900 4900  0.11° 640 £017¢ 13,000

VCC, viable cell counts (unit; log CFU/g); CG Coliform group (MPN/100g);

EC, Escherichia coli (MPN/100g).
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Table 2. Bacteriological levels of seawater used in the process of dried laver products in Goheung

Viable

Factory Month D??g)e ° pH Sa(!’z:)ity (mg/?nL) c::rl:ts (M:?j;gozén;u (MPﬁ./1c:0”mL)
(CFU/mL)

A 2016.3 10.2 7.14 35.17 8.37 2.3x10? 430 <1.8
2016.12 8.7 8.11 32.7 8.21 1.9x10? 13 45
20171 5.1 8.16 33.2 7.76 22 23 2.0

B 2016.3 10.4 7.57 36.15 12.20 <15 2.0 <1.8
2016.12 7.4 7.97 32.7 7.34 30 14 <1.8
20171 6.1 8.09 33.2 8.02 58 130 1

c 2016.3 11.1 7.65 32.2 10.72 53 17 <1.8
2016.12 7.6 8.06 33.0 7.65 <15 140 <1.8
20171 4.8 8.15 33.2 7.96 58 79 27
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Table 3. Bacteriological levels of groundwater used in the process of dried laver products in Goheung

Viable

Facto Month Degree ’ Salinity DO cell C°:E3"“ E. coli
y (°C) P (%o) (mg/mL) counts (MP?IM OgmL) (MPN/100 mL)
(CFU/mL)

A 2016.3 16.5 7.52 0.1 7.25 17 <1.8 <1.8
2016.12 7.4 7.89 0.9 8.06 1.1x102 <1.8 <1.8
2017.1 12.2 7.65 0.3 6.52 1.3x102 27 27

B 2016.3 17.9 7.45 2.5 7.26 2.5%10? 9.3 <1.8
2016.12 135 6.90 1.6 5.60 20 <1.8 <1.8
2017.1 13.1 7.37 1.2 6.26 <15 <1.8 <1.8

c 2016.3 17.2 7.48 1.6 8.12 1.7x102 <1.8 <1.8
2016.12 15.8 717 2.7 6.89 <15 <1.8 <1.8
2017.1 14.8 7.58 3 6.0 <15 <1.8 <1.8

14
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Table 4. Bacteriological levels of intermediate and final products obtained from the process of dried laver products in Wando

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Factory Month (Process Step 1) (Process Step 2) (Process Step 5) (Process Step 6) (Process Step 8)
vce cG EC vce cG EC vce cG EC vce cG EC vce cG EC
5 Jote.3 <218 220~ <18~ 267 110~ 20~ 477 2,400~ 20~ 497 3300~ <18~ 807 35000~ 20~
3 40000 460 45 £0.35° 330 110  #0.06° 4,600 490  *015° 13,000 140  #0.15° 160,000 130
<218 <18~ 345 140~ 2.30 45~ <18~ 237 170~ 5.63 790~
2016.12 45000 20 <18 035> 2,300 <18 s010e 92 20 £0.06° 450 <18 40126 3,300 <18
<218 <18~ 333 230~ 328 700~ 354 6,400~ 6.66 54,000~
20171 40000 20 <18 i0.06® 950 <18 4003 4900 <18 4027 7900 <1 1005 160,000 <18
e Jote.3 <218 20~ <18 4.63 68~ y 417 790~ <18~ 480 11,000~ <18~  7.37 5400~ 37~
3 40000 45 £0.15° 490 £0.15° 2,800 220  *0.10° 54,000 640  %0.47° 92,000 270
<218 20~ 310 210~ 303 330~ 3.80 4,600~ 727 92,000~
2016.12 4500 130 <18 047t 790 <18 4045 1,300 <18 4026° 9500 <18 i023¢ 160,000 <18
<218 <18~ 2.31 170~ 387 700~ 396 6,400~ 747 54,000~
20171 40.00° 68 <18 4045 230 <18 so07 4900 <18 w001t 7900 <1 1045 160,000 <18
<218 68~ <18~  3.60 68~ 367 210~ 477 4300~ <18~ 743 11,000~ <18~
F 2016.3 49000 230 20 £0.20° 460 <18 sp05 950 18 40150 7,000 75 £0.12¢ 92,000 120
260 <18~ 347 790~ 347 37~ 345 6,400~ 7.40 2,800~ <18~
2016.12 4400 45 <18 10.40° 2300 <18 21 61 <18 4021 11,000 <" i0200 17000 20
<2.18 532 220~ 3.31 61~ 324 200~ 755 13,000~
20171 49000 20 <18 008 1100 <18 0.04 92 <18 043 330 <18 40420 35000 <18

VCC, viable cell counts (unit; log CFU/g); CG Coliform group (MPN/100g); EC, Escherichia coli (MPN/100g).
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Table 5. Bacteriological levels of seawater used in the process of dried laver products in Wando

Viable

. Colif ,
actory  Momn D% gy sy oo chime. WU ekt
D 2016.3 10.2 714 35.17 8.37 2.3x10? 430 <1.8

2016.12 8.7 8.11 32.7 8.21 1.9x102 13 45
20171 51 8.16 33.2 7.76 22 23 2.0
E 2016.3 10.4 7.57 36.15 12.20 <15 2.0 <1.8
2016.12 74 7.97 32.7 7.34 30 14 <1.8
20171 6.1 8.09 33.2 8.02 58 130 1
F 2016.3 111 7.65 32.2 10.72 53 17 <1.8
2016.12 7.6 8.06 33.0 7.65 <15 140 <1.8
20171 4.8 8.15 33.2 7.96 58 79 27
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Table 6. Bacteriological levels of groundwater used in the process of dried laver products in Wando

Viable

ot Monh Degree " Salinity DO cell C°I'ri:‘l’lrm E. coli
y (°C) P (%o) (mg/mL) counts (MP?IM OgmL) (MPN/100 mL)
(CFU/mL)
D 2016.3 16.9 7.58 0.01 7.53 <15 <1.8 <1.8
2016.12 8.0 10.43 0.03 12.82 82 <1.8 <1.8
2017.1 8.6 7.54 0.51 11.74 6.8x10? 7.8 4.5
E 2016.3 16.7 7.29 1.70 7.2 <15 <1.8 <1.8
2016.12 15.5 8.47 0.98 7.95 21 <1.8 <1.8
2017.1 6.6 7.38 0.25 12.30 6.5x10? 13 <1.8
F 2016.3 17.3 6.90 1.90 5.7 29 <1.8 <1.8
2016.12 16.1 7.97 1.87 5.52 55 1.8 <1.8
2017.1 6.8 7.05 1.82 12.23 72 9.3 <1.8
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Table 7. Bacteriological levels of intermediate and final products obtained from the process of dried laver products in Haenam/Jindo

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Factory Month (Process Step 1) (Process Step 2) (Process Step 5) (Process Step 6) (Process Step 8)
vce cG EC vce cG EC vce cG EC vce cG EC vce cG EC
222 170~ <18~ 219 45~ <18~ <218 20~ <18~  4.21 410~ 751 3,300~
G 2016.3 4006 490 20 £0.022 170 20 £0.00° 460 20 £0.14° 2,800 18 4004c 13000 18
<2.18 250 <18~ 338 1,400~ 130~  3.63 4900~ 230~  7.56 28,000~ 330~
2016.12 559 <18 <18 soar 20 <18 4044° 2200 330  £0.08° 17,000 270  0.04° 160,000 490
2.29 <218 <18~ 2.84 2.72 20~ 6.37
2017.1 49192 <18 <18 0000 45 o, <18 <18 w0170 230 <18 4025 230 <18
<2.18 <218 33~ <18~  3.86 33~ 436 3300~ <18~  7.33 170~
H 2016.3 45002 <18 <18 10000 2,800 20 +0.18° 2,800 <18 t06° 13,000 45 +0.23¢ 490 <18
3.52 37~ <218 68~ <218 68~ 3.42 78~ 707 3,300~
2016.12 45 14c 78 <18 40000 1300 <1 i000° 1300 <'® 1019 490 <18 40420 9500 <18
233 45~ 3690 <18~ 348 <18~ 3.62 100~ 713 700~
20171 40142 110 <18 a1 a5 <18 40.200 45 <18 40340 3300 <'®  i030c  as00 18
| Jote.3 236 110 <18 347 20~ <18~ 330 92~ <18~ 480 17,000~ . 802 2000~ <18
3 4003 210 £0.07° 230 20  #041° 230 20 #0.07° 92,000 £0.27° 7,000
Jot6. 4z 318 45~ <18 388 480~ <1 281 480~ <18~ 314 1,400~ <18~ 435 950~ 45~
' £0.08° 110 £0.18° 2,300 £0.02° 2,300 45  %0.07° 3,300 45  %0.14° 4900 130
<218 <18~ 2.24 20~ 2.91 20~ 228 220~ 3.95 170~
2017.1 45,00 45 <18 4005 110 <18 .006® 110 <18 40450 1.300 18 021 790 <18

VCC, viable cell counts (unit; log CFU/g); CG Coliform group (MPN/100g); EC, Escherichia coli (MPN/100g).

20



Table 8. Bacteriological levels of seawater used in the process of dried laver products in Haenam/Jindo

Viable Coliform
Facto Month Degree H Salinity DO cell °r°3 E. coli
y (°C) P (%o) (mg/mL) counts group (MPN/100 mL)
(CFUImL) (MPN/100 mL)

G 2016.3 11.7 7.95 34.76 7.67 <15 9.3 4.0
2016.12 8.1 7.34 34.95 8.15 4.4x10° 790 27
20171 4.3 7.84 35.57 14.61 4.3x10? 2.0 <1.8

H 2016.3 11.4 7.72 34.90 8.54 <15 6.8 4.5
2016.12 6.3 6.52 35.25 9.56 1.5x10° 4.5 <1.8
20171 5.8 7.48 35.50 12.17 5.7x10? <1.8 <1.8

| 2016.3 12.4 8.14 31.88 7.03 4.8x10? 40 4.5
2016.12 8.3 8.46 33.45 8.09 2.7x10? 9.3 <1.8
20171 5.6 7.26 34.37 12.64 1.4x10? 4.5 <1.8
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Table 9. Bacteriological levels of groundwater used in the process of dried laver products in Haenam/Jindo

Viable

Facto Month Degree ’ Salinity DO cell C°:E3"“ E. coli
y (°C) P (%o) (mg/mL) counts (MP?IM OgmL) (MPN/100 mL)
(CFU/mL)

G 2016.3 13 8.58 0.1 9.21 2.4x10% 130 4.0
2016.12 9.1 8.96 0.12 11.59 29 7.8 <1.8
2017.1 6.2 8.94 0.30 16.81 2.8x10° 79 <1.8

H 2016.3 14.7 7.49 0.23 6.68 2.4x10° <1.8 <1.8
2016.12 5.8 7.48 0.18 12.17 5.7x10? <1.8 <1.8
2017.1 13.7 8.78 0.09 10.80 4.0x10° 13 <1.8

| 2016.3 12.6 8.97 0.12 7.29 2.6x10° 230 7.8
2016.12 8.0 10.23 0.29 9.22 4.5x10° 700 23
2017.1 5.4 8.55 0.12 15.96 3.9x10° 17 <1.8
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Table 10. Bacteriological levels of intermediate and final products obtained from the process of dried laver products in Shinan/Muan

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Factory Month (Process Step 1) (Process Step 2) (Process Step 5) (Process Step 6) (Process Step 8)
vce CG EC vce CG EC vce CG EC  VCC CG EC  vce CG EC
<218 20~ <18~  3.49 45~ <18~ <218 78~ 303 1,700~ 714 340~
J 2016.3  4900° 110 45  0.07° 220 20 +0.00° 83 <18 40100 3300 <1 i0440 2300 <18
256 <18~ <18~  4.87 517 45~ 5.38 78~ 627 330~ <18~
2016.12 4535 29 20 0040 18 <18 i0.06* 180 <18 001t 170 <18 w007t 490 20
<218 <18~ 371 20~ 4.47 230~ 4.59 230~ 6.75 13~
20171 40.00° 20 <18 i0.06® 230 <18 4010° 490 <18 s007c 490 <18 40000 230 <18
« Jote.3 218 40~ <18~ <218 78~ <18~ 329 490~ <18~ 466 1,300~ 78~ 818 7,000~ <18~
3 10000 68 20 £0.00° 490 45 £0.17° 2,200 40  0.16° 3,300 170 #0.05 13,000 78
Jot6. 12 252 280~ <18~ 427 230~ 37~ 2.51 20~ <18~  3.98 720~ «g 493 12~ <1
. £0.09° 1,700 45 $0.24° 1,400 45 £0.11° 230 20 %020 1,300 £0.03° 2,300
<218 <18~ <18~ 424 20~ <2.18 20~ <18~  3.56 220~ 753 230~
2017.1 40000 68 20 +0.05° 40 <18 40.00° 48 20  20.17° 790 <18 4004 700 <18
<218 20~ <218 <18~ 416 11,000~ 447 13,000~ 695 2,300~
L 2016.3  ,0.00° 45 <18 40.00° 20 18 s006 13,000 1 s011c 35000 <'®  i0.04° 4900 <18
2.21 20~ <18~  4.39 110~ <18~  4.44 40~ 4.59 20~ 7.66 20~
2016.12 0060 68 45 $0.26° 220 110  20.01° 140 <18 007 130 <18 011 490 <18
<218 18~ 4.51 20~ 4.05 170~ 4.07 68~ 7.79 45~
20171 40000 45 <18 so08 4900 <18 i02s0 490 <18 40240 330 18 w0100 270 <18

VCC, viable cell counts (unit; log CFU/g); CG Coliform group (MPN/100g); EC, Escherichia coli (MPN/100g).
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Table 11. Bacteriological levels of seawater used in the process of dried laver products in Shinan/Muan

Viable

Facto Month Degree ’ Salinity DO Cell C°I'ri:‘l’lrm E. coli
y (°C) P (%o) (mg/mL) counts (MP?IM OgmL) (MPN/100 mL)
(CFU/mL)
J 2016.3 8.5 7.18 34.65 8.81 <15 <1.8 <1.8
2016.12 7.3 6.80 34.54 10.01 1.2x102 <1.8 <1.8
2017.1 5.0 7.61 35.16 12.88 1.6x102 <1.8 <1.8
K 2016.3 10.3 7.76 34.48 8.65 <15 6.8 6.8
2016.12 6.0 6.45 34.86 11.26 3.1x10? 9.3 2.0
2017.1 3.3 7.67 35.21 14.21 1.2x10° 13 7.8
L 2016.3 10 7.88 35.26 9.63 3.1x10? 4.0 <1.8
2016.12 6.8 7.14 35.04 10.14 3.6x10? 14 2.0
2017.1 4.1 7.52 35.27 13.10 6.8x10? 7.8 <1.8
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Table 12. Bacteriological levels of groundwater used in the process of dried laver products in Shinan/Muan

Viable ;
Facto Month Degree ’ Salinity DO cell C°|'r::3"“ E. coli
y (°C) P (%o) (mg/mL) counts group (MPN/100 mL)
(CFUImL)  (MPN/100 mL)
J 2016.3 12.2 8.16 24 7.74 2.5x103 46 4.5
2016.12 8.5 8.61 0.30 10.37 3.9x108 17 <1.8
20171 6.1 8.53 0.49 15.37 1.9x10* 2.0 <1.8
K 2016.3 15.7 6.28 0.6 9.68 <15 <1.8 <1.8
2016.12 10.3 7.56 1.47 10.37 4.1x103 37 <1.8
20171 8.6 8.44 1.32 14.75 2.5x103 140 <1.8
L 2016.3 13.6 8.67 0.27 10.31 1.6x10? 7.8 <1.8
2016.12 8.4 8.76 0.18 12.56 7.0x103 7.8 <1.8
20171 5.1 8.42 0.28 16.92 5.4x103 12 <1.8
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Table 13. Bacteriological levels of intermediate and final products obtained from the process of dried laver products in Seocheon

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Factory Month (Process Step 1) (Process Step 2) (Process Step 5) (Process Step 6) (Process Step 8)

vCC CG EC VvCC CG EC vCC CG EC VvCC CG EC vCC CG EC

M 2016. 3 <2.18 45~ <18~ 4.31 700~ <18~ 2.84 490~ <18 5.04 54,000~ 78~ 8.00 35,000~ 45~
. +0.00° 130 45 +0.27¢ 3,300 20 +0.48° 4,600 +0.25¢ 92,000 170 +0.25° 160,000 180

2016. 12 3.41 460~ <18~ 3.62 78~ <18~ 4.09 1,700~ 45~ 4.01 700~ 20~ 7.75 1,700~ 13~

. +0.09° 1,700 40 +0.23° 1,300 20 +0.18° 2,300 110 +0.07° 1,300 70 +0.03°¢ 3,300 460
2017. 1 219 20~ <18 2.29 <18~ <18~ 3.06 460~ 68~ 3.40 140~ <68~ 4.88 490 <18~

: +0.03° 40 +0.19° 40 20 +0.16° 3,300 700 +0.05° 1,300 220 +0.13¢ 200
N 2016. 3 2.33 170~ 170~ 3.48 230~ 20~ 2.49 45~ <18~ 5.60 14,000~ <18~ 7.42 13,000~ 140~
. 0.152 490 490 +0.10° 460 45 10.232 110 20 +0.17°¢ 35,000 20 +0.07¢ 92,000 330
2.40 18~ <18~ 2.72 <18~ 2.53 <18~ 3.55 120~ 8.09 230~ <18~

2016.12 5950 68 20 £0.01° 170 <18 10422 56 <18 4048 490 <18 4008 490 20

<2.18 18~ 2.95 <18~ 2.40 <18~ 2.67 <18~ 6.32

2017.1 40000 110 <18 s011® 460 <18 s008® 220 <18 s020% 120 <18 40540 780 <18
o 2016. 3 2.44 78~ 20~ 3.57 20~ <18~ 2.65 45~ <18~ 5.26 24,000~ <18~ 6.77 1,700~ 130~
. +0.09? 330 45 +0.15°¢ 230 20 +0.34° 170 20 +0.06° 35,000 20 +0.18¢ 35,000 220
2016. 12 2.81 230~ 18~ 2.49 460~ 18~ 3.83 170~ 110~ 4.21 490~ 110~ 6.61 640~ 230~

. +0.15° 700 68 +0.09° 2,200 68 10.24° 790 170 +0.27¢ 1,300 170 +0.13¢ 3,300 490
2017. 1 <2.18 <18~ <18~ <2.18 18~ <18~ 2.54 <18~ <18~ 3.48 230 <18~ 6.97 780~ <18~

: +0.00° 170 61 +0.00° 110 20 +0.62° 45 20 +0.06° 20 +0.16°¢ 2,300 18

VCC, viable cell counts (unit; log CFU/g); CG Coliform group (MPN/100g); EC, Escherichia coli (MPN/100g).
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Table 14. Bacteriological levels of seawater used in the process of dried laver products in Seocheon

Viable

Facto Month Degree ’ Salinity DO cell C°:E3"“ E. coli
y (°C) P (%o) (mg/mL) counts (MP?IM OgmL) (MPN/100 mL)
(CFU/mL)

M 2016.3 11.8 7.75 30.9 7.0 8.0x10? 4.5 <1.8
2016.12 6.8 7.75 31.7 9.45 78 39 9.3
2017.1 3.2 7.32 32.1 7.63 8.0x10? 4.5 <1.8

N 2016.3 13.9 8.06 31.7 8.55 3.7x10? 1.8 1.8
2016.12 4.9 7.72 30.8 10.75 50 <1.8 <1.8
2017.1 4.1 8.29 31.3 8.20 3.7x10? <1.8 <1.8

0 2016.3 11.4 7.87 31.6 7.97 1.0x102 13 13
2016.12 6.0 7.81 31.2 10.54 1.8x102 49 17
2017.1 3.5 8.28 31.9 9.10 1.0x102 26 <1.8
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Table 15. Bacteriological levels of groundwater used in the process of dried laver products in Seocheon

Viable

Facto Month Degree ’ Salinity DO cell C°:E3"“ E. coli
y (°C) P (%o) (mg/mL) counts (MP?IM OgmL) (MPN/100 mL)
(CFU/mL)

M 2016.3 17 8.19 2.5 4.1 1.3x102 1.8 <1.8
2016.12 7.2 7.67 1.3 9.28 <15 <1.8 <1.8
2017.1 3.8 7.77 2.6 7.95 1.1x10° 700 110

N 2016.3 12.9 8.99 2.5 7.8 1.7x102 22 <1.8
2016.12 5.7 7.73 2.4 11.23 1.8x102 26 <1.8
2017.1 3.8 8.37 2.7 8.1 30 2 <1.8

0 2016.3 12.9 8.13 3.9 8.02 3.5x10? 17 4.5
2016.12 6.2 8.17 2.8 10.66 1.1x10° 1,300 130
2017.1 2.6 8.44 3.1 9.05 35 790 46
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Table 16. Bacteriological contamination levels of intermediate and final products of dried-laver based on the processing time

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
p p p p p
Operating (Process step 1) (Process step 2) (Process step 5) (Process step 6) (Process step 8)
time
(Hour) VCC CG EC VCC CG EC VCC CG EC VcC CG EC VCC  CG EC
2,50 378 <18~ <18~ <218 45~ <2.18 78~ <18~ 525 170~
Ohr +031° ¥ 4 go01c 130 45 £0.00° 130 ke +0.00° 130 45  £0.049 2300 e
235 415 <18~ <18~  2.91 45~ 327 130~ <18~  6.08 620~ <18~
6h 10142 18 <18 5100 230 20 +0.05° 78 <L +0.09° 260 45 +0.05° 810 20
222 3.16 20~ 291 20~ 2.98 78~ <18~ 527 720~ <18~
12h 10022 <18 <18 510° 68 y B 0 B < +0.07° 310 20 $005° 4,000 78
<2.18 3.72 20~ 2.80 45~ <18~ 295 170~ 20~ 556 330~ 18~
24h 0000 18 <18 504 68 <18 4012v 130 200 +0.13° 490 45  £0.419 950 45
<2.18 305 <18~ 253 <18~ <18~ 279 150~ <18~ 586 270~ <18~
48h 0000 <18 <18 505¢ 20 <18 006> | 20 20 £0.12° 700 20 %0.10° 1,100 20
<2.18 3.50 37~ 349 <18~ <18~ 414 1,100~ 668 1,300~
%6 h 0000 <18 <18 5120 93 8 7 P m 85 18 £0.01° 13000 <" 10269 4300 20
457 3.09 61~ 2.41 320 4,300~ 702 2400~ <18~
144 h +0.12¢ 18 <18 509> 140 <18 o072 <18 e £0.07° 14000 " 4009¢ 4900 20
<2.18 259 <18~ 338 2,200~ 13~ 363 4900~ 230~ 756 28,000~ 330~
240h 0000 18 <18 o4r 20 <18 014° 54000 330 £0.08° 92000 270 0049 160,000 490

VCC, viable cell counts (unit; log CFU/g); CG, Coliform group (MPN/100g); EC, Escherichia coli (MPN/100g)
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Table 17. Effect of treatment with NaClO and ultrasonication for controlling
bacteriological levels of dried laver during aging process.

Unit : CFU/g
NaClO concentration(ppm)
Strain Control
0 50 100 150 200
Escherichia
coli 9.3x10% 79x10% 21x10%° 51x10%® 28x10° 4.8x10°
KCTC 1682
Staphylococc

us aureus  2-1x10° 2.6x10° 4.7x10° 6.7x10° 4.9x10° 52x 10°
KCTC 1922
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