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Changes of Chemical Indexes in Antarctic Krill Oil by Chemical Treatments
Soo-Bin Lee

Department of Food Science and Technology, Graduate School
Pukyong National University, Busan 608-737, Korea

Abstract

This study was to elucidate changes of chemical indexes such as acid
value, peroxide value, iodine value, astaxanthin content and fluoride content
in Antarctic krill oils by chemical treatments. Krill oils was treated with
chemicals such as acetic acid, phosphoric acid, citric acid, hydrochloric acid,
sodium acetate, sodium ecitrate, sodium phosphate, sodium hydroxide, and

sodium carbonate.

Acid value was highest in the untreated krill oils (2.58) and those treated
with the chemicals exhibited the value of 0.11 except those treated with
citric acid, sodium acetate, sodium citrate and sodium carbonate (0.2).
Peroxide value was highest in the untreated krill oils (41.44 mg/kg) and the
lowest value was found in krill oils treated with citric acid (2,0 mg/kg) and
phosphoric acid (1.4 mg/kg). lodine value were similar for krill oils with
and without chemical treatments (134.5-143.6). Astaxanthin content showed

7.8 ppm in the untreated krill oils and did 19.5 ppm, 13.2 ppm and 13.1
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ppm in those treated with acetic acid, citric acid and hydrochloric acid,
respectively. Fluoride content was highest in the untreated krill oils (100.72
mg/kg) and remarkably decreased in those treated with citric acid (34.15
mg/kg), sodium carbonate (26.5 mg/kg), and sodium hydroxide (32.9 mg/kg).
The results mean that applying the chemical treatments into value improved

krill oil can lead the potential of producing the extra valued products.
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A8 Ao v T-FE o] astaxanthine FAFEH o] ZEkw ) 2
Aog AEHE H& MAEAE AS, 7HA, A T ARy v A4S
31, B-caroteneX.T} 108, H]EFY] EXET} 1008) 2] dAksl= S 71X

o oglom, W 2= 3% 93tk (Mortensen & Skibsted, 1997; Kim
L ZFHzHEY AHsE ol WA

AHlo] = F Q3 JaS 3t} T3 astaxanthin® cardiovascular, immune,
inflammatoryol] =& 31, oxidative damage®Z H* X&A& H 33

7]1's% ¥tH(Guerin et al., 2003; Fassett & Coombes, 2009).
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A ot AVHOR olg¥I Ytk 1 ofiE wEEY BaE
o gfstn gl mEed, ade) Ba GHS A oA sFoz

536-2,400 mg/kg, %ol 4.5-570 mg/kg, L&]3 7 Ao 1,800-4,260 mg/kg
S5 o] 3l 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; Jung et al., 2013). =
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7} 9t (Oehlenschlager & Manthey, 1982; Camargo, 2003; Shi et al., 2009;
Hansen et al., 2010; Yoshitomi and Nagano, 2012).
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E ARt AEgsten, 2% 1N w529 A& AMEstAth
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2.2 E7H= AOAC (20059 WS FAs o] =43 A8 03 g&
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bds] EA AT, L, Wijsd 25 mLE 7t ¥ vl E ol 10+
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A Agsan. #AEL ARE ¥4 %n SAW Yo Agstart

2.6 Fluorided A%

B2 32k ASTM (2002)3 AOAC (2005)2] S 443} Jung et al.
(2013)] WHeoez ZAHSHY. 29 05 g& 4U3] #H3F9 1 N sodium
hydroxide 10 mL$} 37 A4%%](1108 oxygen combustion bomb, Parr,
Moline, Illinois, USA) © 23 At 1 & A28 30 atm T3}

il

, 3H2901 ignition unit, Parr, Moline, Illinois, USA)3}o] 57t

SR

o} A4 %, 1 N sodium hydroxide o] &3|A]17]1, A4S 73t
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7 7 Fgaas W4 @ SR/ A9 o
Aste] SHFE BE7FH 170CoA A 33X SHIATY. =57
mLE &332, =7FA 25 mLol acetone 10 mL, 5% alfusone €< 5 mL

I OIAZE BT 1 % 620 nm oA &
e

FrE =A% BALE ALISAT. B4 AHHEFES fluoride ion standard
solution (F-1,003 mg/L, Kanto Chemical, Tokyo, Japan)< ©]-&3%F 7 #kAl o
= T3kt

2.7 Astaxanthin® A

Astaxanthin 2] Pavasant et al. (2008)2] W'HS FA3sle] A3
ot 28 2<Y 0.038 g2 dichloromethane:ethanol (1:4)9] 10 mL=Z *J-83F
%, 0.45 ym membrane filter (Tyko Roshi Kaisha, Japan)=Z ©]¥}3}o] HPLC
(HITACHI 2000, Tokyo, Japan)® A&ttt HPLC #Ax7L Cl18
column (250x4.6 mm 5 ~um, Waters)S Algstdon, &=
sttt 7

=g

< 1.0 mL/min, Al5 FY=FE 10 uL' = 3k 470 nmel A E2A 8ok

oo

acetonitirile/dichloromethane/ethanol (5:10:85)2 &3kalo] A}

Astaxanthin 7 ¥ 412 astaxanthin  (Dr. Ehrenstorfer GmbH Co.,

Germany)E AF-8-3} T},

2.8 Fatty acid 49 4

Fatty acid #4]-> Folch et al. (1957)2] ¥ 3} Horwitz (2005) HHS
FAsto] ALgsTh 238 2 0.05 g2 heptodexanoide acid (C17) 0.1%

hexane solution 2 mLol &3]3}3, 0.5 N sodium hydroxide methanol
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solution 3 mLE 7} £, 105ColA 5&3F 7tg@h. 1 5o
BF;-methanol 3 mLE 7}a}al ThA] 105ColA 5% 7FE 3 -, hexane 3
mL, 10% sodium chloride 1 mL& % 7}3to] methylation st GCZ A%
b B35 Y. GC A 23S HP-INNOWax capillary column (30m  x
0.32mm i.d., film thickness 0.5um, Hewlett-packard, USA)°] “& =¥ gas
chromatography (GCMS QP-5050A, Shimadzu., Japan)® carrier gast &

S A8t} Injector®}t detector (FID)=%=+ Z+ZF 250C, 270C= A H

ol

Fal QELEE 170Col A 225C7HA] 1C/min 5 7FA A T
zb o AR FdERAAA - ZF=A A methyl  ester mixture
(Sigma-Aldrich Co., U.S.A)9} retention timeS Hjuwdle] FASH oM &

Fe 7k SAUAS AU WEEE G
2.9 TALH

A% ZA3}= mean + S.E.M (standard error of the meas) (n = 3)S= U}
Elfidleor Zb 5o Folx A5 IBM SPSS. Statistic v.21 (SPSS,

Chicago, USA)= ©]8-3lo] E4HEA ¢t % p<0.05 <4l Duncan's

multiple range test= A5 T}.
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Fig. 1. Changes in acid value of krill oil as affected by treatment of different
chemicals. PA; phosphoric acid, AA; acetic acid, CA; citric acid, HA; hydrochloric
acid, SA; sodium acetate, SP; sodium phosphate, SCT; sodium citrate, SCN; sodium
carbonate, SH; sodium hydroxide.
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I} 2 8}E 7H(peroxide values, POV)E A %2 A =2 YElls= Aoz
A, BAarsE S FA EaE o] aldehyde, ketone 2 alcoholf T2 3|24
Agstes A dikste] 27|dA A Absiee] A x7F =, @

°of =E A= =va B F v (Cho et al, 2000). WA O =
FAE A By e 7Hhsidls W, 37 59 Abas vkt x4 A
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A ZE We A7) Wil Absh7E HA FEE Fostoor & 3

27} th(Lee et al., 2013).
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Fig. 2. Changes in peroxide value of krill oil as affected by treatment of different
chemicals. PA; phosphoric acid, AA; acetic acid, CA; citric acid, HA; hydrochloric
acid, SA; sodium acetate, SP; sodium phosphate, SCT; sodium citrate, SCN; sodium
carbonate, SH; sodium hydroxide.
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wth. 53], citric acid, phosphoric acid, sodium citrateS A}-8-3Fo] A A sk
LULe ZA7Fo] =7} 134.65, 135.43, 134492 3}8A 8]l S 31A] & 9

A HU} (143.62) AA3] #HAHE AL F9T 5 Ao

ad2 gdd B4 gaFo]l =7] wj{iol(Christians & Leinemann,

1983; Nicol & Stolp, 1991; Soevik & Breakkon, 1979; Virtue et al., 1995)

whole body 2Fe= o]g&d ZAF AHdAF E&o] A7l Hidu
(Budzinski et al., 1985). & & 536-2,400 mgkg 5= EAZS 3HFata

i

Ao, AAL AASL W F o= 45570 mgkg = EA

53l 9 tH(Soevik & Breakkan, 1979; Adelung et al, 1987; Sands et

al., 1998; Moren et al., 2007; Yoshitomi et al, 2007; Xie et al.,, 2012).

Jung et al (2013) &= AHe] Y B4 F¥E AT e=d, 54 4

Aol 1,397+10 mg/kg, L2l 1,256+4 mg/kg, tFElol 995+18 mg/kg, 5ol
ERTAC A=

294+4 mg/kg TEE EA7F FFHo] vt

a9 2dS sHor At AAT & B WEE Figd
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Fig. 3. Changes in iodine value of krill oil as affected by treatment of different
chemicals. PA; phosphoric acid, AA; acetic acid, CA; citric acid, HA; hydrochloric

acid, SA; sodium acetate, SP; sodium phosphate, SCT; sodium citrate, SCN; sodium
carbonate, SH; sodium hydroxide.
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o YET. AAES 1 gL 3w 299 flyoride TS 100.7

5
A 2 Ao H-§ sodium carbonate®?} sodium hydroxide, citric acid
2 AAsAS 45, 247 26.51 mgkg, 32.92 mg/kg, 34.15 mg/kgl. &
sstefol 7 vrAl UERE ™, phosphoric acidZ FAIGIAS wl=
87.77 mg/kgl 2 Ex Az &7l 7 Ykt FDAC] wl2w 2] %9
AFEEtE 329 EAS#S 100 mgkg oldt® Bav]so] AlAE
= H(FDA, 2012), AAlgt 2 @9 EAgFS FDAS Al 7|F o
st= UERR T
a8 3 ¥ 2de =45 A3t stz fal gEFd =1

Hoz @e AF7E A5 AthJung et al., 2013). & AdF+E T34

g sty Aels 5% 28 294 AAE FDA Wil 7|Ed 3

5. Astaxanthin®] &% W3}
A ede 4F FEdE Aste] HA St astaxanthin FHF W3}
= Fig. 5o Yyetdidt. 2 29l astaxanthin &S HAA Koz
73-19.5 ppm M2 UEGon, 714 2 §7129S o] &5t A A}

7‘<
DS A, astaxanthin® ko] F713k Wbl dZkE] S o]gslo] A A

of

74§ astaxanthin®] &=Fo] THASATH F7|ItoR GASHI S W=

9.2-19.5 ppm HeZ YESE O™ 53| acetic acid, hydrochloric acid, citric
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Fig. 4. Changes in fluoride contents of krill oil as affected by treatment of different
chemicals. PA; phosphoric acid, AA; acetic acid, CA; citric acid, HA; hydrochloric
acid, SA; sodium' acetate, SP; sodium phosphate, SCT; sodium citrate, SCN; sodium

carbonate, SH; sodium hydroxide.
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acid= AAStAS o, 22 19.51 ppm, 13.19 ppm, 13.05 ppmo = 7}
A S7FsFAth. Sodium acetate, sodium phosphate, sodium citrates A}-&
ste] A 2 292 727 100 ppm, 11.5 ppm, 12.5 ppmS =2 7]
tog AATr Ad oUWt} astaxanthin | o] YA UER S

sodium hydroxide, sodium carbonate ¢} #-2 <ZEl2 AHA T ad o

Z+Zy 73 ppm, 7.4 ppm S 2 astaxanthin o] 7} SA| LpERST

rlo

Yamaguchi et al. (1983)¢] <d7-° WE2W A4 Fo F JIEH o=
32e 34 mg/100 go]al, ©] FollA astaxanthin diester 7} 40-50%,
astaxanthin monoester 7} 30-40%, astaxanthin®] 15-25% x}X|gtt}al H 315}

2t} Astaxanthin < carotene¥i= E2] HIEFHW A2l 7]5o] gloy, B
-carotene ©l| H|ske] 108} 73t AksE S 7AW, BlEFY] EXH.TE 100W]
o] itetE S 7ERYar Bre R vl It (Mortensen &  Skibsted, 1997;

Kim et al, 2004). X3 astaxanthin < cardiovascular, immune,

VUE

inflammatory ©| =S T, ozidative damage & F* A& H I3
7% 3t ASe= Hol(Guerin et al, 2003; Fassett & Coombes, 2009),
B oAF AA A U9l astaxanthineS H=& A3t S 712 Ao E

7] o € o

6. Fatty acid A< ¥3}

Table 1.0 YEFUATE GAsHA] &2 Ad 2do dA =
B 238 A WA 56.09%, X3 AWk 4391%% LE}
ok £33 2 ake] A9 acetic acid®t sodium citrate®2 A 2] S W

7V = A YEFRE S, phosphoric acid® A2 stl= wWl 7HE SEA HhE
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Fig. 5. Changes in astaxanthin contents of krill oil as affected by treatment of
different chemicals. PA; phosphoric acid, AA; acetic acid, CA; citric acid, HA;
hydrochloric acid, SA; sodium acetate, SP; sodium phosphate, SCT; sodium citrate,
SCN; sodium carbonate; SH; sodium hydroxide.
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Utk ExX st xatel A9 x3} X uhalkal W) & phosphoric acid® A
gstgS ) 71 =A ey, acetic acid®l sodium citrate = ] 2] &)
= oW g S2A vetwt 23 A HAE Sl A Cl6:0 (0-37.54%) <
C17:0 (11.00-74.98%)7} F2 AWito 2 yeykor C16:02 obF A
shA] k& A 2 U3} sodium carbonate® A E S wl 37.5%% 7HE =
kal, C17:0 < acetic acid, sodium citrate® * 2|3} S wl, 722t 74.98%,

73.19%= = A e

23l A4k n-3 polyunsaturated fatty acid #|®4FQl C20:5n3 (EPA)
(1.67-32.39%) 9} C22:6n3 (DHA) (1.27-24.06%) 7} = A EFyith

7y 7k o] ghstA gujE ARgsle] FAE st9ls W, 53] phosphoric acid

it

Abg&ste]l AASHNS 49, EPASH DHAS §eFo]l Z7b 32.39%,
24.06%= 713 =A YEFE O™, sodium carbonate, sodium acetate,
hydrochloric acid, citric acidE AF&3te] A5l S AFol%, EPA
(14.79-19.78%), DHA (9.12-15.34%)°] st&Fo] =4 eyttt dA o2

HoES o, L3RS acetic acid®} sodium citrate®= ]39S ] =

| Uetstom, S35t A4S phosphoric_acid® A 2]stl= ™ =
LFEFSE T EPASF DHAE 5o 2| 2HE 2 SAATS HAaAA
sHAset AdEHAS s dwstal dd BA, WY 2 k3=
A Aoz dHA Ao (Venugopal, 2009), ¥ A2 tpFst 3}st
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Table 1. Changes in fatty acid compositions of krill oil as affected by

treatment of different chemicals.

Comirl CA AA PA HCI SA SCT SP SH SCR

C12:0 0.10 018 000 016 009 008 023 000 015 010
C14:0 541 672 623 907 457 418 556 520 523 541
C15:0 032 029 000 052 030 028 028 027 029 032
C16:0 3754 2793 1310 000 37.14 3554 1415 2149 2976  37.54
C17:0 1100 3313 7498 1670 1800 2077 73.19  57.94 3802  11.00
C18:0 136 127 125 222 142 132 128 141 124 136
C23:0 036 026 000 056 030 030 000 000 012 036

56.08 69.79 95,56 2923 61.83 6248  94.69  86.31 74.82  56.08

C16:1 1.16 1.14 0.00 1.91 0.96 0.88 0.71 0.94 0.99 1.16

C20:1 0.15 0.00 0.00 0.26 0.13 0.13 0.00 0.00 0.00 0.15

1.31 1.14 0.00 2.17 1.08 1.01 0.71 0.94 0.99 131

C18:1n9¢ 3.65 2.68 1.16 6.05 3.52 331 1.23 2.18 3.21 3.65

C18:2n6¢ 1.60 1.14 031 2.63 1.42 1.33 0.29 0.75 1.09 1.60

C18:3n3 1.96 1.33 0.00 3.06 1.71 1.57 0.00 0.70 1.11 1.96

C18:3n6 0.06 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.06

C20:3n3 0.21 0.00 0.00 0.34 0.18 0.20 0.00 0.00 0.16 0.21

C20:5n3 19.78 14.79 1.70 3239 16.98 16.64 1.66 4.33 9.43 19.78

C22:6n3 15.34 9.12 127 2406 13.27 13.47 1.42 4.79 9.21 15.34

42.61 29.07 444 6861 37.09 36.51 4.60 12.75 2420 42.61

* PA; phosphoric acid, AA; acetic acid, CA; citric acid, HA; hydrochloric
acid, SA; sodium acetate, SP; sodium phosphate, SCT; sodium citrate, SCN;

sodium carbonate, SH; sodium hydroxide.
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ode 54 WIE A 28 2d9] Al HitEtETE Boa
T 7}= phosphoric acid 2 citric acidE AF-&3ste] A5t o, 3184
A2 S ohA B2 od Bu A3 gro] A aste]l A% HAEAdS &
QA3tA . E3H astaxantin =21 A}, acetic acid$} citric acid, hydrochloric
acidE Ab&3ete] AAlstlS o, 23 Fhol 3t HYE oA ¥ A
ed Bty A TSR CH, ol& Ed A¥E o] w2 dibIES

HAA = Ae BAT = 00w HEA 244 54 23, =X

acetate, hydrochloric acid, sodium acetate® A3l <S W], &334k

steFo] =7 vtElwth. EPAS DHASF Z2& n-3 XA HALS A8

5 2 3
ol Ut B4 o] w2 AFES AASE AF, A, =4
s, A, de2r] & udd d8E 29+ Aok citric acid9t
sodium hydroxide, sodium carbonate® A}-83lo] GA IS wf, B4 T
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