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Effects of Hypochlorous Acid, Calcium Chloride and Phosphoric Acid in
a Highly Saline Solution on Cell Death Rate and Growth Rate of
Porphyra yezoensis and Ulva intestinalis

O-Nam Kwon, Yeoung-Rang Yun' and I1-Shik Shin?

East Coastal Life Science Institute, Gangneung-Wonju National University, Gangneung 25457, Korea
"Honam South-Eastern Laver Complex Solution Business Cooperation, Haenam 59031, Korea
“Department of Marine Food Science and Technology, Gangneung-Wonju National University, Gangneung 25457, Korea

We investigated the effects of a highly saline solution (HS) containing hypochlorous acid, calcium chloride (CaCl,),
and phosphoric acid (H,PO,) on cell death and growth rate of laver Porphyra yezoensis and green laver Ulva intesti-
nalis. Cell death rates of laver treated with HS and HS plus hypochlorous acid (HS + HOC]) in the harvesting stage
were less than 0.5%, and there were no significant differences between the HS and HS + HOCI treatments. However,
cell death of green laver treated with HS + HOCI in the harvesting stage was greater than 81.2%. These results indi-
cate that the addition of HOCI is highly effective to eradicate noxious green laver without causing damage to laver.
The addition of HOCl and H,PO, to HS did not increase the area or weight of laver blades. A combination treatment
of CaCl, and HS, however, significantly increased the area and weight of laver lades compared to controls (P<0.05).
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Table 1. Composition (%) of high salty complex solution used
for measurement of death cell ratio of Laver Pyropia yezoen-
sis and Green laver Ulva intestinalis blade

Concentration of component (%)

Component High salty solution ~ HS containing HOCI
(HS) (HS+HOCI)

Purified salt 10.0 10.0

HCI 9.0 9.0

HOCI 0.0 4.0

Water! 81.0 81.0

'Underground water without hypochlorous acid in Okchun
industrial complex in Haenam-Gun, Jeollanam-do Province.
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Laver Treated laver by HS+HOCI

Green laver Treated green laver by HS+HOCI

Fig. 1. Change of Laver Pyropia yezoensis and Green laver Ulva intestinalis cells by treatment with HS+HOCI on early and harvest
stage of Laver. HS, High salty solution.
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Table 2. Composition (%) of high salty complex solutions used for measurement of growth rate of Laver Pyropia yezoensis leaves
in this study

Final concentration of component (%)

Component Control Solution Solution Solution Solution Solution Solution Solution Solution Solution MOE‘_s O_fficial
1 2 3 4 5 6 7 8 9 notification’
Purified salt 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0-13.0
HCI 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.5-9.5
HOCI -2 1.0 2.0 4.0 - - - - - - 0.25-4.0
H,PO, - - - - 1.5 27 3.8 - - - 0.1-0.6
CacCl, - - - - - - - 0.1 0.3 0.5 1.5-4.0
Water® 81.0 80.1 81.0 81.0 80.9 80.7 80.5 79.5 78.3 77.2 68.9-79.7

IStandards of Ministry of Oceans and Fisheries. 2Not added. *Underground water without hypochlorous acid in Okchun industrial
complex in Haenam-Gun, Jeollanam-do Province.
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Fig. 2. The death cell ratio of Laver Pyropia yezoensis and Green laver Ulva intestinalis by treatment with HS and HS+HOCI at
ecarly and harvest stage of laver. Values with different characters are significantly different (P<0.05). (a) early stage of laver; (b)
harvest stage of laver; (c) early stage of green laver; (d) harvest stage of green Laver. HS, High salty solution.
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Fig. 3. The effects of addition of HOCI, CaCl, and H,PO, to
HS on increase of Laver Pyropia yezoensis blade area. Values
with different characters are significantly different (P<0.05).
HS, High salty solution.
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Fig. 4. The effects of addition of HOCI, CaCl, and H,PO,
to HS on increase of Laver Pyropia yezoensis blade weight.
Values with different characters are significantly different
(P<0.05). HS, High salty solution.

=717 mg) e} f-9 2 o = Fako] 78 tHP<0.05).
SO uieF XS SloiA 2, A 22 F1ES vy
Ao Z3FsH= A8 ou] 2 & A Jck(Kuffner and Paul,
2001). Iwasaki (1967)%= 0.1-5 mg%2] ¢14k} 10-100 mg%
s 7o e st He Ao ® Hughup Qled),
& Ao] Aute o|ef FARS S e itk SEAJRE QIAF
] 78--, 2.7% o1/ 27 (solution 8, 9)ol| 4 23] 2 444 A5l
7FERIE =, ol= 7= A=A viYoll= Na,HPO, 2| F&j
2 QlAko] AlFEARE 2 kel A HPO, | FE| = A= 3l
o Aol 71Q1g Ao = whrtech. sEA|Rt QI(P) 3ol wHE
o= Al o T T oheFt A S0l gl7]ol 3% T
S AES G Il Ao ® wekEh
EH DG A Aol 75/ S ol 918l Abot iR}
Aol SIgt ute of el 2] wAtel A A=t o] At), 2
Al FFETE)rE 7kt ol=e A= Wt
| M| B7)= AAE 2efsto] B0 5 F
7k )ISITt. ool 57HA] A= F 27 (A,
a17gstat, 3714 factor (RFotdaAt, Hebd, <1
one-way ANOVA test= &7 5} ch 25 014k
F0] F & 52 A A Aol =2 = 24
= At 2ad Ao s Al
Of F-Z3t 1e) KL 4 (Pyropia umbilicalis)©] 33
A& 7142 4 1 th(Wiencke and Lauchli, 1980).
FEo] JUHES AlEZ W AL (vacuoles)o] 7]
£ E014 Al AlE A ol viAE AME-Sh A9 ALt
A gt oA FF-E AFeteSs skl Qlek. Egk Tait et
al. (1990)2 Z(Pyropia umbilicalis) /37l oA A4 H=
2 slafof aed, 2% 48b7]0] QojA] el FRL e £
7)9k%§ 9 (organic buffer)©] 2717} 4312 Z7}o] w-go] 5l

o
—

k
:

£ oo
-0,

~~
o
1= 2

2

ot
oo

(o)

A

i
=~

&

< o gy
>

|

z

T

>
5

¢

oft off
ool
b

il

lo 013 2
o Yo
)

= O

R

B

o2 =
o

o 1

o2

==
ok
T

P

dm &L
fof
ok

ol

T
[

Nor



Aot i, 24

oha shdck. wrebd] 7o) AAF £ SlaA] s A B

gk ofuje} 7ol HejshA) wi dapAlel that wet Hie

B0 02 Atk AU Fol e G g

Aol A AT AL A Bk oL} HebdEg A4

OiﬂﬂﬂL%hiﬁﬂQ% 719 F59k E4o] 2]

whol) E A7} BE 7] FRo) A L ATE Kol AL
!

ol7] who] B} chaket AP ATFE0] /bR Past
ot skt
AL AL

o] B2 2017H & B Yo sk MY e A 290
ols}o] 435l 9o, o] ZA=A ek,

References

Dukan S and Touati D. 1996. Hypochlorous acid stress in Esch-
erichia coli: resistance, DNA damage, and comparison
with hydrogen peroxide stress. J Bacteriol 178, 6145-6150.
https://doi.org/10.1128/jb.178.21.6145-6150.1996.

Duncan DB. 1955. Multiple-range and multiple F-tests. Biomet-
rics 11, 1-42.

FAO (Food and Agriculture Organization of the United Na-
tions). 2016. The state of world fisheries and aquaculture
2016. Retrieved from http://www.fao.org/ publications/so-
fia/2016/en/?platform= on Jun 2, 2017.

Griffin NJ, Bolton JJ and Anderson RJ. 1999. The effects of a
simulated harvest on Porphyra (Bangiales, Rhodophyta)
in South Africa. Hydrobiologia 398, 183-189. https://doi.
org/10.1023/A:1017034028769.

Iwasaki H. 1967. Nutritional studies of the edible seaweed Pho-
phyra tenera. 11. Nutrition of Conchocelis. J Phycology 3,
30-34. https://doi.org/10.1111/j.1529-8817.1967.tb04625 x.

Jiménez-Escrig and Sanchez-Muniz FJ. 2000. Dietary fibre
from edible seaweeds: Chemical structure, physicochemi-
cal properties and effects on cholesterol metabolism. Nu-
trition Res 20, 585-598. https://doi.org/10.1016/S0271-
5317(00)00149-4.

Kim MH. 2013. Development of fungicide for red rot disease
of cultivated Porphyra. Master Thesis of Kongju University,
Kongju, Korea.

KMI (Korea Maritime Institute). 2017. The monthly review of
fishery export information. Dec. 2017. K-Fish Information
Center, Pusan, Korea.

KTSPI (Korea Trade Statistics Promotion Institute). 2017.
Trade Statistics Service. Retrieved from http://www.trass.
or.kr/service/statistic/StatisticsViewServlet?main ~ Service
URL~=P02M02D010 on Jun 25, 2017.

Kuftner IB and Paul VJ. 2001. Effects on nitrate, phosphate and
iron on the growth of macroalgae and benthic cyanobacteria
from Cocos Lagoon, Guam. Mar Ecol Prog Ser 63, 63-72.

2 Q1Ake] M7t 7)) Aol wl]

I 687

rir

Liu X and Gordon ME. 1987. Tissue and cell culture of New
Zealnad Pterocladia and Porphyra species. Hydrobiologia
151, 147-154.

MAFF (Ministry of Agriculture, Forestry and Fisheries in Ja-
pan). 1995. Reports of acid treatment on Nori aquaculture.
MAFF, Tokyo, Japan.

McArthus DM and Moss BL. 1977. The ultrastructure of cell
walls in Enteromorpha intestinalis (L.) Link. Br Phycol J
12, 359-368.

McKenna SM and Davies KJA. 1988. Bacterial killing by
phagocytes: Potential role(s) of hypochlorous acid and hy-
drogen peroxide in protein turnover, DNA synthesis, and
RNA synthesis. Basic Life Sci 49, 829-832.

MIFAFF (Ministry for Food, Agriculture, Forestry and Fisher-
ies). 2008. A notice about standard of active agent on Nori
aquaculture. Retrieved from on Oct 1, 2018.

MOF (Ministry of Oceans and Fisheries). 2016. Statistical Year-
book of Fisheries Production. Retrieved from http://www.fips.
go.kr/jsp/st/ss/ss_kind law_list.jsp? menuDepth=070104 on
Jun 1, 2017.

MOF (Ministry of Oceans and Fisheries). 2017. http://www.mof.
go.kr/article-/view.do?articleKey=17528 &searchSelect=titl-
e&boardKey=35&searchStartDate=2017-09-22&searchEn
dDate=2017-10-23 &menuKey=402&currentPageNo=2. on
Oct 1, 2018.

Song HI, Kim DH, Kim JR and Kim SU. 1993. A study on the
occurrence of the laver disease, with its environmental fac-
tors in the laver farming area. Bull Nat'l Fish Res Dev Inst
Korea 47, 177-195.

Tait MI, Milne AM, Grant D, Somers JA, Staples J, Long WF,
Williamson FB and Wilson SB. 1990. Porphyra cell cul-
tures: isolation, growth and polysaccharide production. J
Appl Phycol 2, 63-70.

Ueki C, Nagasato C, Motomura T and Saga N. 2008. Reexami-
nation of the pit plugs and the characteristic membranous
structures in Porphyra yezoensis (Bangiales, Rhodophyta).
Phycologia 47, 5-11. https://doi.org/10.2216/0031-8884
(2008)47[5:ROTPPA]2.0.CO:;2.

Wiencke C and Léauchli A. 1980. Growth, cell volume, and fine
structure of Porphyra umbilicalis in relation to osmotic
tolerance. Planta 150, 303-311. https://doi.org/10.1007/
BF00384660.





