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Decreasing Effect of Fluoride Content in Antarctic Krill (Euphausia superba)

by Chemical Treatments

Hae-Rim Jung

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Decreasing effect of fluoride contents in Antarctic krill (Eupgausia superba) as affected by
chemical treatments with and without heating were investigated. The used chemicals were
NaOH, Na,COs, Na,SOs, citric acid, acetic acid, phosphoric acid, HCI, ethanol, lysine,
aminoguanidine, arginine, carnitine, betaine and creatine. Fluoride contents per dry weight
were 788 +£10 mg/kg in the-whole body of krill (WBK) and 2944+4 mg/kg in the peeled krill
meat (PKM), respectively--In the whole body weight of krill; the head represented highest
proportion of 37%, and the meat, body shell, leg and tail occupied 33%, 20%, 7% and 3%
respectively. The fluoride content per the unit weight was represented highest in the body
shell as it was measured as 1,397+10 mg/kg. When WBK was treated with chemicals with
and without heating or thawed, fluoride was not decreased. On the other hand, when the
PKM was treated with chemicals without heating was remarkably decreased to less than
100 mg/kg which is the criteria recommended by FDA. Particularly, the treatment of

betaine without heating showed the best reduction effect of 30+6 mg/kg, followed by



carnitine (3817 mg/kg), acetic acid (52+1 mg/kg), phosphoric acid (67+2 mg/kg) and

hydrochloric acid (68+1 mg/kg).




G A H (Euphausia superba)e AT TV SRS & FoR dEA

(Nicol & Endo, 1997), A &2 379 million tonnes ©l| &3t (Atkinson et al.,

facs
R

2009). AHE> e, wiosEd, o], ofFo HolE, Wenitke] AV
3 s cH(Everson, 2000). IH-2 11.3-44.9
Agst7] wEel (Kang et al, 2005), W]

FE QA ol AFH ATE o Fo]

= 9

7Fsatth. 28 AL H5Y olF, ERF, =FEY HelE AHFHI
AAA oJgdgsez AHldn. 58 FAAEAY B =293 (CCAMLR) O A =

FSAEAE Boeky] S A%t A€ §8oldTFS 400 THEC® Agstal
24 TH(Atkinson ef al., 2009; CCAMLR, 2000). 1973 W€ 2011 3 7}#] Z2d 2] Azt
% g 40 T E oofdIH. oA R EF] 10% FF
o] 3] g0 LCCAMLR, 2012). 1980 WH-E 2009 d7pA] Ao F2 ofg=2
A&, g, =29o], F¢=, Aoy, FAa’/eAloh, W= gl
ol itk FAED gAjolE 1980 WHE 1990 7R A A o wke]
0% olFaint. esd, ofyeE A" diREe dE, wIWE,

w2 9olol A o]E ¥ 9JTH(FAO, 2011).



I8e g AG2%) I B XA AH48.6%)8] FaFo
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S

A kabol = DHA (16.6-36.5%)2} EPA (11.1-24.8%)7} & H|&= FHf5 o]
ATHVirtue, 1995). A H ] A& FAO/WHO/UNU ©lA Q&= Al

108 AFolmit 9 F

pus [¢}

o

fd
o

FoodREtr Jde vHA e 9
&
T SRl casein ¥ H]Ete] GAEAomE 49 Aow A A
A TH(Gigliotti et al., 2008). LIt} AEH-L whole body 7|5 & 536-2,400 mg/kg,
muscle ol 4.5-570 mg/kg, “L2]3L cuticle © 1,800-4,260 mgkg &= EA4E U}
SH-3FaL A th(Soevik and Breakkan, 1979; Adelung et al., 1987; Park et al., 1988; Kim
et al., 1990a; Zhang et al., 1993; Sands et al., 1998; Moren et al., 2007; Yoshitomi et al.,
2007; Xie et al., 2012). thE-22] E4= AHo] AAo| EX&a Ut}. Zhang et

al. (1993) kil o] E27F 243k o3 87 wsate] 29 4 9l 74,

TR BEAE AFASH A EA7F FHE By ooiyg Hrless
Hojrg]= 5o F2Fgo] Byl Qlti(Ishiguro et al, 1993; Vani and Reddy,
2000; Lu et al., 2000). =3+ o 7|7k E4E5 HFH T 49 WX (mottled teeth),
= 7d 3}(osteosclerosis), W Alo] wra} #A o] A ]Sl (calcification of ligaments and

tendons), 4174 3h(renal disease), F 3z (diabetes mellitus), &2 7](allergies)E



Z 4= U tk(Spittle, 2009). AHS TAR o] & Af uFL B4R QlEY
o]

AA Feldel FHEER o] 92 FojFe ARdad WA e

o] 8% 3L ¢lTH(Yoshitomi, 2004). 3FA| vk I Ho] IHH AlH

i
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r o
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R

37 As| Aol wAST AW ZHoly we] Bl FAEdE Bl
21 TH(Oehlenschlager and Manthey, 1982; Camargo, 2003; Shi et al., 2009; Hansen et al.,
2010; Yoshitomi and Nagano, 2012). =94 AHS F Holdo 7 3= A&

el e AW B4 S A% AI} adélie penguins (Pygoscelis adeliae)®]

=
i)
ik

of AxE 7]+2o 2 °F 10,000 mg/kg, fin whales (balaenoptera physalus)©)
ZA 6 4340418,570 moke SEZ Barl BHAT T Q@A QCHCulik, 1987;

Landy et al., 1991).

AE9 ¥ EATH UFoR Anlslr]e H-2 &3l t(Soevik and Breakkan,
1979; Sands et al., 1998). 2] 0.2 o] & =5 Foluxt AHd 3FH B4 A|A
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Sol AF, WAANE

WS o]&ste A9 o B4 AAYSE BHisitt. Wang er al. (2011)2 pH

46014 ARG AS A A7lAL H2 @A TAst]  Aea

— =

al. (1998)F AYS x2dde] HAFo A EALE A= Wiel uls)

e
tlo
o
i
ol
¥
o
2
e
X
lo,

BustAth. Xie er al. (2012 7132 =
Azra o] e AF3IATE Kim et al. (1990b)i=
Fo2 E4o o]&o ] B3It Wang & Yin (2012)2 calcium phosphate
I} chitin®] &4 AAFE] dis]l A+3FR3L Tenuta-Filho & Costa Alvarenga
(1999)%= calciumol] ©Jgk ==He] i B AESHA o8k A
ate] ATFEIIEE Ly er al.(2012)% HE Zhea oA LA H<E RN
& AT Haskgith

ool
El.
olf

B2 AAsH7] 98} Mg-Ca-Al(NO;) hydrotalcite]
"= FDAQ2012)v A#Ce2 B4 o] AFehx & 100 mgkgo =2 A3 §)

gat7] Sl AHe E4THS 100 mgkg

= o Froll Al NaOH, Na,COs, Na,SOs, citric acid, acetic acid, phosphoric acid, HCI,
ethanol, lysine, aminoguanidine, arginine, carnitine, betaine “1Z] il creatine®] 3}3}%]

A A & vk, T antA el s $8 B4
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golel 747 29
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1. A8 A%

i}

Ao AR €2 20100 3€FE 20101 8E7HA] @A o] Eato
e ZHe Ae 2011 48l 654 (Busan, KOREA) S 25 A3 1ko}
51C Wsarel] AAste] Far Aol ARgsitt. e A2 28.6-48.5 mm
(average 38.99+6.02 mm), |5 200.80-534.00 mg (average 344.59+98.34 mg),

TR 80.03£0.50%°] ATF. &2k S (PKM : Peeled krill meat)> =13 whole

rlo

body (WBK : Whole body of krill)2] 7 2 -& HAA ATt Ao Ap-g5 Ao

A9 SIS ALesE

J|m



2.1 A%, A R F2F 53

A 1S EA7F AskAl @Al Vernier calipers (model-530, Mitutoyo Co.,

Kanagawa, Japan)Z o] &3] AHAS =A3dt, analytical balance (XB220A, Presisa,

Dietikon, Switzerland)® A|5& 57433t TS 105C 9] Isotemp vacuum

ok

oven (Model-281; Fisher, Waltham, USA)°|X] AOAC (2005a)] o2 5AIZF &

AZX3 & BAS =45 -39},

o T

2.2 Bx9 A%
B S ASTM (2002)3 AOAC (2005b)] WHHS A3l A3},

A 274#](1108 oxygen combustion bomb, Parr, Moline, Illinois, USA) ¢l 1 N NaOH 10

i

mL ¢ 4 A Al® 05 g & 244 o= Yu, desglt. 1 5 AAa



==

o

NEe] NaOH &8-S 34kE (2:3, viv) €94 150 mL 7} E°U+=

==z = 3L
SH=E o

il

FE2A(500 mb)ell & AT s Wzhge] 9|

=

=

o]

2 =

o

3 = =

mlo

T BEEE 170CoA 3 A7 FHEAT

==
T

7Fete] 500 mL = ST, SH 25 mL o] 5% alfusone

(La+ALC+Buffer, Dojindo, Kumamoto, Japan)%—cihJ 5mL ¢} acetone 10 mL & 7}5}¢]

Al Q.

50 mL = 3}al 1 hr A-2A] %A 3}3tt. ©] & UV-Spectrophotometer(UV-1800,

SAste] 48 AY

Shoith. B9 A2 fluoride ion standard solution (F~ 1,003 mg/L, Kanto Chemical,

e}

Tokyo, Japan)= ©o]&3La HFH o . FAT}.  EAY IFEES

103.33+1.77%°] A t}.

2.3 54 ade A%

1:101—

Hell whe A A8 T WBK 100

oll

2% WBK2 &2 Kim et al. (1990b)2]

gS Al(20mesh)oll Ho} dripe] wHE = JEZ= sk, 1 olgolE 500 mL

HAE WA A2x FA2%=7F 20T



2.4 84 A z7

WA ] stk &S 9kA 2] (JAC-

}al

H7F A 2] = 2204 200rpmol| A 2047t
2010, KODO, Hwaseong, Gyeonggi-do, Korea)= 2 ollA 10%7F 2|3t} v
= o759 38481 0.1 N sodium hydroxide, 0.1 N sodium carbonate, 0.1 N
sodium sulfite, 3.2% sodium chloride, 10% ethanol, 0.1 N citric acid, 0.1 N acetic acid, 0.1

N phosphoric acid, 0.1 N-hydrochloric acid, 0.1 N L-lysine, 0.1 N aminoguanidine

hydrochloride, 0.1N  L-arginine, 0.1 N L-carnitine hydrochloride, 0.1 N betaine
hydrochloride, ~22] 31 0.1 N creatine hydrateE A}-8-3} 1t} HHH 7FA X 2] = 100TC,
200 rpmoll Al S wnkA R Ekal, 2S5 9ZFEA e = 80Tl A 5z A 2lsHd
o Svis HIZEE wRbAE el 22 FElE ARgekith.  gehA AE] -

20mesh A=\ AT A RS B AAZS T Bl Gl A8

SAAE

RE Ashe 3uBsel BRrREeAR ehigon, 4 @9 fol1 3

T2 TS 3 P <0.05 ol Al Duncan’s multiple range testol] e}



=
i,
K
)
K
i

7 e HES A ek FiES #HEE AAY o 37%E ARG, 1
oz ol 33%, wA AFFEO120%, YTt 7%, HE|FEo] 3%E
AFA| 3} ATk

Ade] Zh | Fefel dE | EARLE Fig. 20 YEIHITY. WBKe| EAHS

oft

788+10 mgkgol¥tt. @9 FTHT BATFS A AAFENA 1,397+10
mg/kg S 2 7HR kAL, A7) 1,25644 mg/kg, YHElZk 995+£18 mgkg, ™7t
831+11 mg/kg, 5°| 294+4 mgkg TOFE LEISU - FE FEFH]o] o)

Ade] 2o VP 2 dFe vAe B9 v 34 AR

A" B4

off

S 100%%2 HekS wl Ml 39%E AAEta, BA AARES
35%5 At w9 theEls Baghee]l HS FIANE &5 FEelA
A B v o] wormz Ax| FRA ARG EATHS AE7F 4%,
ezt 9%l Bt 28&E mATEelA AAsHE HE&S 33%=E

A BAGES 20444 mgkgl®  7bF Yol Aol AA Skl A

10



A G BEATES 12%E WHUTE. Adelung et al.(1987)8] ATolME ARE
7|02 A9 whole body®] B4 S 1,058+108 mgkg, AAC] 2,594+661
mg/kg, °] 4.5+2.4 mgkgel ZAH}E HtF. XS Yoshitomi et al.(2007)<]
Aol A= =2 whole body 870 mg/kg, A2 ] 1,800 mg/kge] AFE YERNATE.
Soevik & Braekkan (1979)°] ArellA= xE 7] = 4H whole body 1,330-240
mg/kg, AAo] 4260 mgkg o] 570 mgkge B3-S vERQIT. 1Ela
Zhang et al. (1993)2] A5-9lA == whole body, A&, W], wele}t tha], 59
B 717) 1,232 mg/kg, 4,028 mg/kg, 2,724 mg/kg, 2,828 mg/kg 1|3l 226
mg/kg S & HI3AT. Kimer al. (1990b)2] & 7olMdE == whole body:=
1,920.4 mghkgo 2 WAL 3L, F 98.6 mgkgl & H i ESITE. Park er al.
(1988)2] A7ollA THFL 215 mghkg = SHFS B3, Sands er al. (1998)]

Aol A= HAo 223228 mgkg, S0 7444 mgkg EA%HES BT

A
o

% ATAA BH, Gdol BAPFE KAAE FAALANN B AL
F ok ol oiniel wavh Hus| AWl 2Eee AL dA @ 5

AT

11
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Fig. 1. Proportion percent of body parts in krill.
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WBKE A2dlF S W 2953} A4 T3 dipd) $LFFE Fig 39
AT WBKe] =4S 788+10 mgkgol T, dled ALFO AR

AxE 7102 20646 mgkgol AL, AHEE 1,236+21 mg/kg, drip> 19745
mg/kgo| ATk, sl AHo] FA FAA 7MY B FiES AA e B
ARRZ AA THY 56%J I, & 27%, drip> 17%RTt. B3 T upE
FaAl B4 SR vES Fig 49 YERY . AU 4 EATES WBK
100%1 4 5ol 7%, AHo]l 89%, drip®l. 4%=S ZASEAtE.  WBKY

e Agol Exel Af ade YErA] @UTh. Kim et al (1990b)2]
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T 0]

Eas

2}

ato] 7t

Ngo} v

=
'\:‘

Aee] AglA 549 o

A7t

XeF

Ebs

obAlt}.

2 1,451.28+41.84 mg/kg S F IEFSTE, H| 7 aukx

-
E

™
Hr

12)7) oo g0

H

893 mgkg °laL, 7P WAl HiE2 59%0°]al

o
e
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s
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e
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Fig. 5. Fluoride contents and yield of whole body of krill (WBK) by the acid

treatment condition with and without heating (dry weight).
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=
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Fig. 6. Fluoride contents and yield of whole body of krill (WBK) by the alkali
and sodium compound treatment condition with and without heating (dry

weight).
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Fig. 7. Fluoride contents and yield of whole body of krill (WBK) by the water,
ethanol and sonication treatment condition with and without heating (dry

weight).

20



4. 334 xgd WE PKMY &3 B4tk W3

PKMell thate] 3}eha] Aol we BAges) 89 WslE Fig 8, 9, 10,
1ol Gepiich. 384 A2 & A @2 PKM (control)®] EA3eF2 29444
mg/kg® = UERLIL, H[ZFE kA 2ol jste] frejHoew w4 Az anrt
DA, T T A% 0.1 N betaine *12]A] 30+6 mg/kg, 0.1 N L-carnitine<> 38+17
mg/kg, 0.1 N acetic acidi= 521 mg/kg, 0.1 N phosphoric acid™ 67+2 mg/kg, 0.1 N
hydrochloric acidi= 68+l mg/kg, 0.1 N L-lysine<> 71+10 mg/kg, 0.1N. aminoguanidine->
85+9 mg/kg, 0.1 N citric acidi= 91+2 mg/kg, 0.1 N L-arginine<> 93+13 mgkg ©. =
B4 A &Y vehgth. skekd A el ol PKMe| B4 S FDA
Al 7]59Q) 100 mg/kg olst®= Azr3t HATE. PKMO] BIZ7FD wlrbx]g] o A
ol o 7F9udtAey Buh A yepstet

7hd uwbdE A el o R B A ZA7k AT iR 3hehA
el &4 %2 0.1 Nsodium sulfiteol] 4] 74+9 mg/kg, 0.1 N L-arginine> 77+7
mg/kg, 0.1 N betaine<> 80+20 mg/kg, =53 * 2] 82+1 mgkg, 0.1 N creatine<>
88+6 mg/kg, 0.1 N L-carnitine<> 89+10 mg/kg, 0.1 N citric acid™ 92+3 mg/kg, 0.1 N
hydrochloric acidv= 97+1 mg/kgl = UEMSTE. 7FE Wikl A% 100 mg/kg
olgtZ &4 A3 a7t YEEt.

Ao A &A= calcium, phosphate, magnesium¥} A} HFEZ SA)l= Ho=

21



HItH(Zhang at el, 1993). A AAY} W AFJLEE A= B4
ol shehA Aol ¢fsiA WBKE B4 A7 ave gldch. Add wEE
AAG PKM 3teh4 Azlol| o3 fFoxo=m =4 A a3yt yepw.
71 kA 2ol A distilled water, 0.1N sodium sulfite, 3.2% sodium chloride, ultrasonic,

0.IN L-arginine “Z2]3L 0.IN creatines * 2|3t Ao Al B4

7 w3

2

it

A

o

e, v 7FE kA 2o A= 0.1N sodium hydroxide, 0.1N sodium carbonate, 10%
ethanol, 0.1N citric acid, 0.1N-acetic acid, 0.1N phosphoric-acid, 0.1N hydrochloride, 0.1N
L-lysine, 0.IN aminoguanidine, 0.IN L-carnitine Z2]3L 0.IN betaineE *]2]3+
AETAM B4 AR a3zF A JdERgt tiFE geAA ol 4bat
eI 7 Azle dZgAgEt 24 AR 247 o Al FEE T

EUTE. o] A= Park et al (1988)°] A9 FrAFSATE. Park et al. (1988)<]

[

Aol A pH 2 olstollA A-GEW A T 5] 56%% L, pH 11 ©] gl A
9l == 8o 80%= LFEFRLTE.

Wang et al. (2011)°}. _AtoflAl = Adohaldo] fajde e 7oA

22
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Eaeke] Agteo] ZAagt. F8hA Agld] wE Ad dEe] )T A
EAo wgel Aojye oz dF Hojof drh. oWl AT §3hA
Agel o] PKMO EAFFS FDAR012)S] Ai7]E¢l 100 mg/kgoldH=

A7ks} sheu] mobE ol AT
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Fig. 8. Fluoride contents and yield of peeled krill meat (PKM) by the acid

treatment condition with and without heating (dry weight).
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Fig. 9. Fluoride contents and yield of peeled krill meat (PKM) by the alkali
and sodium compound treatment condition with and without heating (dry

weight).
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Fig. 10. Fluoride contents and yield of peeled krill meat (PKM) by the water,
ethanol and sonication treatment condition with and without heating (dry

weight).
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