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Exfoliation of abalone, Haliotis discus hannai using organic acid

Wi-Sik Kim, Si-Woo Lee, Jung Kim, Dong-Ik Choi, Myung-Joo Oh™ and Doo-Jin Hwang'

The Fisheries Science Institute, Chonnam National University, Yeosu 556-901, Korea
*College of Fisheries and Ocean Science, Chonnam National University, Yeosu 550-749, Korea
**Department of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

It is reported that abalone, Haliotis discus hannai, was detached from shelters by commercial oxytetracycline (OTC)

dissolved in hydrochloric acid (HCI). In the present study, we investigated the exfoliation effect of fouling abalone

by organic acids instead of OTC or HCI. Organic acids (malic acid, citric acid, lactic acid and formic acid) of pH
2.6 and pH 2.1-2.3 exfoliated over 67.6% and 91.7% of abalone, respectively; while OTC of pH 2.6 and pH 2.1-2.3
exfoliated 25.9% and over 74.1% of abalone, respectively. These results indicate that the exfoliation effect of organic

acid is better than that of OTC dissolved in HCI at the same pH. However, a lower pH and longer treatment of

organic acids resulted in delayed recovery of the detached abalone; abalone immersed in pH 2.3 for 10 second was

recovered within 5 min, but took 12 min to recover after 30 second immersion. Moreover, recovery period for abalone

exposed to pH 2.1 for 30 second was at least 15 min 45 second. In conclusion, though acids need to be cautiously

handled, organic acids may be a better candidate to detach abalone instead of OTC or HCL
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Table 1. Exfoliation and recovery of abalone by treatment with organic acids

53

Organic acid pH Concentration Exfoliation rate % Recovery
(g per2 L) (detached no./ total no.) time

Malic acid 2.6 3 84.3% (226/268) 55 sec
23 8.5 97.5% (153/157) 1 min 35 sec
2.1 15 98.5% (132/134) 2 min 15 sec
Citric Acid 2.6 2.9 67.6% (265/392) 1 min 5 sec
23 6 92.4% (315/341) 1 min 50 sec
2.1 12 97.9% (185/189) 2 min 25 sec

Lactic acid 2.6 3.7 70.9% (146/206) 50 sec
23 8.6 91.7% (132/144) 1 min 35 sec

2.1 16.5 97.9% (142/145) 3 min
Formic acid 2.6 23 84.9% (270/318) 2 min 21 sec
23 6 95.6% (172/180) 3 min 24 sec

2.1 12.3 96% (218/227) 11 min

Commercial 2.6 14.5 25.9% (95/367) 1 min
oyxtetracycline 23 285 74.1% (235/317) 1 min 30 sec

2.1 53 99.1% (336/339) 2 min
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Table 2. Recovery of abalone by immersion for 10, 20 and 30 second with organic acids

Organic acid pH Recovery time
10 sec 20 sec 30 sec
Malic acid 23 3 min 30 sec 8 min 45 sec 8 min 5 sec
2.1 8 min 20 sec 14 min 40 sec 87.5% (35/40)*
Citric Acid 23 5 min 6 min 30 sec 12 min
2.1 11 min 30 sec 16 min 30 sec 80% (32/40)*
Lactic acid 23 3 min 43 sec 5 min 50 sec 8 min 1 sec
2.1 6 min 20 sec 13 min 30 sec 15 min 45 sec
Formic acid 23 85% (34/40)* 52.5% (21/40)* 15% (6/40)*
2.1 7.5% (3/40)* 2.5% (1/40)* 0% (0/40)*
Commercial 23 4 min 30 sec 5 min 40 sec 5 min 20 sec
oyxtetracycline 2.1 5 min 5 sec 7 min 10 sec 8 min 3 sec

* Recovery rate % (recovered no./ total no.) at 30 min after treatment of orgainc acids

2] °
T, 302 E0F 2T AR 305 0} 875% (35/40)
A8 Ak ek

E}SITE pH 2.3 4]
ZF 5B 6E 30%,
1280] FEEon], pH 21004 118 30, 1652
30, 30 521 80% (32/40)7) 3| EE]}ich AARS
F714E Foll 7V wE S EAIRS B Yl=T), pH 2.3
oA 3 3%, 51 502 8% 120] SHEUT, pH
21004 65 20%, 138 30%, 158 45%0 3|E=Q)
o}, pH 23] AulAklA 10, 20, 302 Sk H7)

N
toh
J
)
2
&
o
5
H
fif
i

N

flo
N
M
b
w
1

P} SIOFIRE: L AelAzto] Lo dss 3
Ago] ol RO R BIEISITE S35, pH 2

p
A Omlike ALl 7714h 1023 A1 215
5 oldie]l BlEE ot 3023t g 7
=

o
T

ofufie]l SEEUTF. B0l pH 2.19014 3023F

9 73, BEaHr] 2 155 452 o] 0]
Aow Uehdrh & Q1] Aselx] 0TCo] 1]
HB-L 59 pHO| §7)AHAA) mr} 3io] w7
Uehge], o]2fat ol 0TCO] 79 5 pHe)
§7)Abc} ke wal} @48 WA el e
of (Table 1) pHe] OJt 4430] 1 7 A2 Ao

A -

e v door

AEL 305 Zok 85% (34/40), 52.5% (21/40), 15%
(6/40)7} B|EE|Ql o], pH 2,104 7.5% (3/40) o]
510] SlE-8-5 YEPSIct: HARES TS Aul
A= TR ZHajite] AejE AEoA T TE =
d, pH 230041 3027F AAE HEL 10% (4/40),
pH 2.1914 10, 20, 30z 52t ZA|H A8 242t
50% (20/40), 75% (30/40), 100% (40/40)7} FIAJ=]Ict
(A= AR A=, o] A= HE-2 {714t

Ak

Akt o 2= @AM g, slefolu] e QRAlRF
AtollE, EA7ES, Bhitakid|4, 2-phenoxyethanol
o= o83l e, &5 A, AEe 544 ol
B3t ok vty o] Harkjo] gitk (1Lt i,
1981; =, 1988; White et al., 1996; %] =, 1997; 1998;
g5, 2003). o] mhetotu]ihAg Ao ARE-

[€)
3 He e ALgo] $4slo] B Fwufore]




Sl

—

mo

A ARG O] St slefoln|=QAlRRL ko O] v
2 3lE el digh & 5 (1997)9] A+ s
HH, 50-300 ppmo]| = A& 4-1242 Alo]of
90% olgo] Bre|=w, HrlE 152 20-210 Al
of SlEErkar Hargo] Qlrk 2T 4 T (2012)
HCI (pH 3-3.2)0] =23 AEL 25 o]jo] 100%7}
uke] s, 287t A ejstol e 45 o|uje] SEo| 7ks
SFfal Harsto] HCL: stefotu] Qb |gkitol e i
CF 25 ie]of] A-8-21%lo] Slw ]I} & ¢itollA
£ & dhgjof HCI (= OTC)S tjAlste] {714k
O] ARgo] 7RIS H7 IR A3 7 Ak At
pHe} OTC Hu} i @apy} 943t Z oz 2iQlxo]
7R FAEAA OTCE thAlshA AR8E 4

fe o
-
®

ks ) B R R 7]
AR OTC 8 HCI: thAT8IA] 1 vrelol 8517
G E 5 G RO AR, thee] ARge

Foph a7k 3, §714)
Fol ueh ure 9 38 ik ol S Holnz
7 AR o Bastch (3 elolal Al
Ao 2% wielol= 74y Etalolglot Fkhch
B8 A1) 0], QAR HAlo] FH
Ao ARHL. AEAe] Z9 s Lo
AR SR Aol Aldto] e RO AR
k. EA, A= 27] % A 42wt )
w3} b ng oy B7o] wek £714k) pH
o] NIEA] BRI A, 714k HelAlie]
LoJh4% 3% ARlo] RolEE M2 ARle] %
o7} s

M=t 55

0
12

ARL 4R A SAHEZA|EH
(Oxytetracycline, OTC)ol| FhF=o] Q= 4t
(hydrochloric acid, HCI)o]l oJaf ¥l (Qeh o2k
E] ] il Harwo] Sk & AtollA= A&
Hizjo]] OTC % HClE thAlsiA] ARE 4= Sl AA|
ZA 715k B718HATE pH 2.69] 714k (AR
TR ZAE Bl Aulhel| e RS 67.6% oV
o] def= e BRIl pH 23 ofske] 7)1t
A 917% ol o] v =it OTCO| -9, pH 2.6
A 25.9%7} BFe]=]%1aL pH 2.3 ol3}of|A] 74.1% o)Ak
o Hej= itk ool A}, F7 AR SUeE pHY
OTC Hr} EHe] a7} Fofdk Zlo g SQIE%]
o 714k eE ARE (10-302)00] whE AAEe] F
= B7IRE AaollA= pH 239] F7 1Ak (et Al2)
off 1027+ HAE A5 57 oof 2lEEgle

3027t =g A9 1248 ool SEE I tleol
pH 210014 3027t =g 7, sl 24 15
452 opdo] 2= Alow Ueht MRS R
AFe] pH7} Sobdaps = XE|A|Tto] dojdes
Sl Alte] SofR= A o= ERIESIT: o] 4
Yz dudke] o s G714k OTC B HCLE: o
AlaA ANGE = e A= AbREY pHO| 5=
2 A AT QlojAl= 2Rt F=o7F @

ARl =2



56 AENNINEREIE R

White, H. 1., Hecht, T. and Potgieter, B.: The effect of
four anaesthetics on Haliotis midue and their
suitability for application in commercial abalone
culture. Aquaculture, 140:145-151, 1996.

FHEL MRS, /5 (G B & 5 77 EHEROR
i 5N BHZ DT 2R, 17:89-95,
1969.

2L JE, FH SIS B 2 il & 5 77 ERE

Rz T 2R, 3:37-44, 1981,

_‘-H/}jh 113’ = ] _7:5]50] O]/ll—n]

3, REEA, oAl
oupE SAHEpol2Ie) M) A
SHto]ele] A, 25:123-126, 2012.

= A ZEAE Haliotis discus hannai Ino 2] ZHA YA

o} 1, BAeh tfeke] uhaake] et

87-101, 1988.

oY

J

3R, A, Az, oS, el okrAL
5. (Haliotis discus hannai) ©f| tiet 2]%=7}
o) W Ms2229] Htelak A=OPYEta
1:35-41, 1998.
39, A, A 3-8 WAL 2P 2t
7048 hefolol e hFAIol ik Beof <l
FAE ZERE (Haliotis discus hannai) 2|92]

FAeRiA]

B
~
E

P
ufe] 9 ofEe] B
10:281-288, 1997.

3t o &

FHAZ AROFA 155167, 1998,
S el T A 5UG SRS ol

B 7/EPAE. Haliotis discus Reeve 1] & BlE]

a7}, 3okAslS] R, 16:223-228, 2003.

Manuscript Received : December 3, 2012
Revised : February 4, 2013
Accepted : March 18, 2013





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


