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Effects of Eco-friendly Squid Todarodes pacificus Liver and Patagonian
Toothfish Dissostichus eleginoides Muscle Oils on the Serum Lipids and
Adipose Tissues of Rats

Soo-Kyung Moon, Soo-Jung Lee', Nak-Ju Sung, In-Soo Kim and Bo-Young Jeong*

Department of Food and Nutrition/Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 660-701, Korea
'Department of Food Medicinal, International University of Korea, Jinju 663-759, Korea

This study investigated the effects of squid Todarodes pacificus liver oil on the serum lipids and adipose tissue
weight of rats. The rats in the soybean oil (SO) group received a basic diet prepared according to the recommenda-
tions of the American Institute of Nutrition (AIN-93G), with 7% SO as lipid source. The rats in the Patagonian tooth-
fish Dissostichus eleginoides muscle oil (PTFO) group received 5% PTFO and 2% SO as the lipid source, while the
rats in the eco-friendly squid liver oil (EFSO) group received 5% EFSO and 2% SO. EFSO was prepared according to
the method outlined in the author’s patent. PTFO was extracted from muscle using a physical method in the author’s
laboratory. The prominent polyunsaturated fatty acids in the dietary oils were 18:2n-6 (54.3%) and 18:3n-3 (5.64%)
in SO, DHA (6.77%) and EPA (3.61%) in PTFO, and DHA (26.2%) and EPA (9.94%) in EFSO. After feeding for 4
weeks, the serum lipid levels (e.g., triglyceride, total cholesterol, and low-density lipoprotein cholesterol) of the rats
in the EFSO group were significantly reduced as compared with those in the SO group (P<0.05); those of the rats in
the PTFO group were also reduced, albeit not significantly, compared with the SO group. On the other hand, the total
white adipose tissue (visceral, epididymal, and perirenal) weight was significantly reduced in the EFSO and PTFO
groups compared to the SO group. These results demonstrate that EFSO is an effective lipid modifying agent in rat
blood, and that EFSO and PTFO have greater anti-obesity effects than SO.
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3t A}, AeAof 1Hi7F FAEAR oF 38%Lt = o
9] EPA, DHA 5-& 93131 9122 3H013}931, n-3 PUFA
o $t frEA o8 7HsAdE AAIRE HE 2th(Moon et
al., 2006). £ A0 Ao} k0 2] 7] Gl AME}A] 9
T ALFESS o] gaiol AT HHoT AL 2E
sk e 2 A o] ZH(eco-friendly squid liver oil, EFSO)
F2 o gt E35% FE3)9th(Korean Patent No. 10-
0712620). et H7HA) 40] ko] wRAH ol ol
WS A A= A e E A L glom, vt 2 4
of 752 Q1 QFAlolR] AR AU (Lee et al, 2000)
2 o)t A7/} Q= HEO|T, 9Ao] 7 Takah gy
& 719] ol |3 91| gleh. wakA] 2.4 0] 7he] ASAH it
1] o]-g-A}1 0] A3t o] grfobe] gt Ao P Aol thiRE
th 3 54 AEAES 17158 AEer st ffdl
Ae I AFAEL Ael7]5/d0] BEEA] qfrgEojof 517] uf
#Oll(MOLEG, 2014), 270 ZH3 Al 4771573 4]
= s flsfiA= 24 of -] ARzl

7F Ay Efofof gtrhar AZFE T SHAIRE @ A o] Th-
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=35} (Kim et al., 1992), E3] 21817 A2 A o] 7}
e AR AdHolTt Z AlFollA = et
O RA AFolFo R FEHIL A= FaAt Aol w9
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U n-3 PUFA 2/dH] = °F 7% ¢ = THE of 7o v} H]
14 7] k-] QlckMoon etal., 2011). webA] v]eo]
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ol ol e -5k n-3 PUFA 240 8|7} thas B2 75
o= e ol 7ot fARst Ael7E Akt Ueh=A 9
gt Blal At P asirfal A2

In

i

]_

@ 2 o

ol & g

Jo
O g g
2 o
o op 2 off I o

]

I

r

=

o o\

1

30 2 of

o
k1

B AT AFO R BEESF S e 04o] 79|
o182 913 ATY] UBkOE, ANAAHR PHOR FET A
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Q0 7t7 ¥ H[AUX|0 ZEXEHY F=

213+ @A o] 7H3-(Eco-friendly squid liver oil, EFSO)= 4
oSl ke o] ZRE| 712 HE510] AAFE ] E5|(Korean
Patent No. 10-0712620)14] A€ ol whet Z1ghd 2]
ol Who g F&6to] AMESHITE Blux]o] 154 (Pata-
gonian toothfish muscle oil, PTFO)& Y% v]2tz|o] 182
HONGIJIN Co. Ltd. (Seoul, Korea) 2 €] JLAFO & A3Hto}

2

2§71 (Mixer-32, shinsung Co., Seoul, Korea)ofl &]af £4f5t
S22 o YAEE (17,500 g 20 min)aho] ARR-8FS1
+(soybean oil, SO; CJ, Seoul, Korea)= ZIA| 2]
1ZoAo A Feleto] AHgalict,
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AZH07:00-19:00) 0.2 A5 AAH s=ARA(DI1-252-2,
Dacejong Instrument Industry Co. Ltd., Seoul, Korea)of| A 15+
7+ Al a1 AR (Rat, Chow; Samyang Corp., Seoul, Korea)
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Table 1. Ingredient of diets used in animal experiment (g/kg diet)

Ingredients Diet groups
SO PTFO EFSO

Corn starch 397.4 397.4 397.4
Casein 200.0 200.0 200.0
Dextrinized corn starch 132.0 132.0 132.0
Sucrose 100.0 100.0 100.0
Fat

SO! 70.0 20.0 20.0

PTFO? - 50.0 -

EFSO?® - - 50.0
AIN93G mineral mixture 35.0 35.0 35.0
AIN93G vitamin mixture 10.0 10.0 10.0
L-Cysteine 3.0 3.0 3.0
Choline bistartrate 25 25 25
Cellulose 50.0 50.0 50.0

'S0, Soybean oil. 2PTFO, Patagonian toothfish muscle oil.
3 EFSO, Eco-friendly squid liver oil.



Table 2. Prominent fatty acid compositions of SO, PTFO and
EFSO (wt %)

Fatty acid SO! PTFQO? EFSO?®
14:0 - 2.82+0.08 2.84+0.08
16:0 10.7+0.06 11.4+0.28 15.7£0.29
18:0 3.8740.01 3.09+0.02 3.05+0.04
>Saturates 14.6 17.3 21.6
16:1n-7(+9) 7.39+0.03 3.08+0.02
18:1n-9 22.910.07 33.1+0.41 10.6£0.12
18:1n-7 1.5410.04 5.04+0.23 3.15£0.04
20:1n-9 - 10.1£0.37 7.12+0.05
22:1n-11 - 3.20£0.16 3.8610.05
>Monoenes 244 58.9 27.8
18:2n-6 54.3+0.09 1.64+0.08 0.96+0.00
18:3n-3 5.64+0.00 0.53+0.01 0.78+0.01
20:5n-3 - 3.61+0.20 9.94+0.05
22:5n-3 - 0.86+0.02 1.1120.01
22:6n-3 - 6.77+0.37 26.2+0.80
>Polyenes 60.0 134 39.0

SO, Soybean oil. 2PTFO, Patagonian toothfish muscle oil. *(EFSO,
Eco-friendly aquid liver oil.
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AG7I B AEE
o8 o] Ho|5g

ARARE 717k0) HE o] APERS 164)

3 ofgl 2= A vHHAA A% sk
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flo

o #7E 4% 70T
Haksheict.
23 XE sk 24
g4 AR o7 SAA WK triglyceride, TG) FE= 5

g

=
AT 244 kitA])eF (AM 157S-k, Asan, Korea), % =8|
H]=(total cholesterol, Total-C) 5=+ Total-C S48 kitA]
oF (AM 202-k, Asan, Korea), HDL-Z3]| 2~&|E(high density
lipoprotein-cholesterol, HDL-C) 5=+ HDL-C =7%-& kitA|

AN B 747

K AM 203-k, Asan, Korea), 122 (phospholipid, PL) &=
L PL 244 kit A]2KSICDIA L PL, Eiken, Tokyo, Japan)
o2 747y 24310t} LDL-Z3 2 & (low density lipopro-
tein-cholesterol, LDL-C) %%=+= [Total-C - (HDL-C + $AJ A
1}/5)12] A4HA] (Friedewald et al., 1972) © 2, VLDL-Z#| A
H|=(very low density lipoprotein-cholesterol, VLDL-C) 1=
= [Total-C - (HDL-C + LDL-C)]2] A4H4] (Cheung, 1998)
o] wha} A3l S WA 3R] 4> (atherogenic index, A=
Haglund et al. (1991)2] #|4H4][(Total cholesterol - HDL-C)/
HDL-CJe|l ¢Jsto] 4h&Estsith. @39 leptin 5=+ Titer-
Zyme® EIA rat leptin enzyme immunometric assay kit (Assay
designs, Inc., Ann Arbor, MI, USA)Z =43}t
SHEAM

A% o 2 HE| 9.8 A= SPSS package (SPSS Inc., Chi-
cago, IL, USA) 12.0& o] 8a}o] A3 Y(n=7) B+ X%
HAFZ AL, FAA o4 A DA 2AREA
(one-way analysis of variance)< §F & P<0.0545=0] 4] Dun-
can's multiple range testE A| 3§35}t

E=R T

[

HBES71, AloJMFR L A0lES

Table 30| 4] Wrepbd vRe} Zro] SO Alo|ite] A|F5 1, 4]
ol FeF W Ao| 582 717} 4.67 g/day, 16.2 g/day, 12|31
28.9%%E UEFH S, PTFO 4]t 9 EFSO 4lo]+9] ¢
oF AL] Zpo|7} glolth. ol2fet Axk= A9 F7t AlR|
H AAF A 24 o] Th Ei= vluf| o] L&A Hof tigt A
H7RS L 7] 2] ¢kok7] wjE o & AZFE cKim et al., 1992). 71
i} o] -5 ARESE U Ao A = o) B9 WA diol
Aol 3% 9 AFS 7ol Zagiths HalE Qltk(Cheong
etal., 1991).
g4y 1E sk

Z} Ao|o] dH 2| HEE Table 49 YeRfIc &4

TG %%+ EFSO 4]0 0] 4] 54.0 mg/dL& §-2]5}A| 713 o
QFTH(P<0.05). 22|t} PTFO 40]54(61.7 mg/dL)¥} SO o]

Table 3. Body weight gain, food intake and food efficiency ratio
(FER) of rats fed the experimetal diets for 4 weeks

Diet Body weight Food intake FER
groups' gain (g/day) (g/day) (%)
SO 4.67+0.36™ 16.2+0.43" 28.9+1.82m
PTFO 4.95+0.67 16.120.64 30.7+3.88
EFSO 4.90+0.31 16.210.44 30.3+1.33

NS, not significant.'SO, Soybean oil; PTFO, Patagonian toothfish
muscle oil; EFSO, Eco-friendly squid liver oil.
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Table 4. Serum lipid levels and atherogenic index (AI) of rats fed
experimental diets for 4 weeks

Serum lipids Diet groups'

(mg/dL) SO PTFO EFSO
Triglyceride 81.2¢19.2°  61.7+18.1%  54.0+11.8°
Total cholesterol ~ 100.8+10.4°  90.6+13.2°  49.0+8.74°
HDL-cholesterol ~ 43.1+8.41° 33.1+10.1® 25.9+1.89°
Phospholipid 123.7¢9.50° 83.1+15.3°  76.5+11.3
LDL-cholesterol ~ 41.4+10.6° 452+12.2° 12.37.82¢
VLDL-cholesterol ~ 16.3+3.84°  12.3+3.61®®  10.8+2.36°
Al 1.38+0.37% 1.89+0.68°  0.94+0.39

Values in a column sharing the same superscript letter are not sig-
nificantly different each other (P<0.05) by Duncan's multiple range
test. 'SO, Soybean oil; PTFO, Patagonian toothfish muscle oil;
EFSO, Eco-friendly squid liver oil.

T(81.2 mg/dL)o| A= QB4 HAol| A 2 s g e S
O} FAt A o Ab= QI E|A] gkttt Total-C 5= E3F
EFSO 2]o]toll Al 7F W8 49.0 mg/dLE YER QL o] =
SO 2Jo]-2] 1/2 50|12 ™, PTFO 4]o]Fof| A= SO 4] 0]
ool H|gt QAo Bi= W2 =g YER oY 593k
L gl9lt}. $hH HDL-C %% SO 4]o]:o]| 4] 43.1 mg/dLE
7V =9ka1, EFSO Alo| ol 4] 25.9 mg/dL = 7} Ykt PL
e EFSO Alo|s7 PTFO 4lo|2ollA] zHzt 76.5 9 83.1
mg/dLEA] FAZ ol F2x}7} glo] vl W2 =2 et
Wolo, SO Alojtef A= HAE Kt 1.5-1.68) H= F2
S| =& 2 e $ltt LDL-C 5%+ EFSO 2]o|9
A 7 2 12.3 mg/dLE UERHSLAL, SO Aol 9 PTFO
Aol o AL 7H2t 41.4 9 452 mg/dLE EFSO 4lo]+to] H]
sto] 98 =2 2 Ul gieh VLDL-C 5%+= SO
Aol ko] H|sto] 424 A Ao, £3] EFSO 4]o]tef| A 7}
32 AE Uehl et sS4 (AD = e Aol
ZollAl EFSO 4]0]3(0.84)°l A fr2J5kA] 718 W2 3= Uet
WL, SO Aol PTFO A]o]tol| A= Z12F 1.38 2 1.89&
Ve QLo U eFAR ] 2Rk A 2 gl

URHA 0 & o] 35 Alo| AW R o] g3l Aol A Y TGt
Total-C ¥ PL %%+ 7431}, LDL-C 3} HDL-C %= 7
astAY F7ete A5 UEhdo] dtate] whet 2ol B
o|th(Harris, 1989). Peiffer et al. (1962)-2 & ¢{(menhaden) 5
40 o FREE FE3 o fot GA o] RIS F 9 Ak
Z7ysto] ARSRE A1}, @49 Total-C Y PL 42<20] BA|o|F
5 AofFtoll A 42t 510 9 228 mg/dLE LrER HEA, of
Alo]gtol A= 2271 223 2 185 mg/dLE Z At v o] & A
A FE7h 2E3kaL, 53] Total-C2 HAF9] oF 43% 2ol B3}
aFgict. wheba] o] Aak= ofF, 53] ol 52 n-3 PUFA7L &

A oled - JYE - Pas - 3R

= o

ol 2|2 Al A-Gof 7]oJ3t A o2 K QFH(Peiffer et al., 1962).
Sanders et al. (1985) 2 Harris et al. (1988)2 LA & F21A}o]
Al o5 AdFHAIZ A1} Total-C % TG 5= A48l o
LDL-C ¥ HDL-C 5 =+= oFF S7FskgiekaL shqich. 3t 2
788 Abroll A o -5 357 AFIAIR] v AR A9 @3
A &5 vt A3 TG 52 714319 24 Total-C 4=
2 79| dA43}% 3 HDL-C =7} 571519 7] wj o) A3t
202 A7} 7H481glrh= B E §ltk(Haglund et al., 1991).
%A Cheong et al. (1991)2 o5 32313 759 A& AY
9] Ao d & FF5te W, ol fek 71 Alolte] &1
B, A, S, LM, G5l Alo)et 5ol Blshe]
@7 Total-C3t TG 9 QI 0] foaHA| Hole= Hat
s}l ou, HDL-C 3Hg Ze|HG W o] f Alojtofl A tha
o 20 yehf ekl 51¢ich E3F Saimei et al. (1994)%=
S| EH} ti L Wit E A7ste] ARsE o] @
Ao 4] TG, Total-C, PL, HDL-C9] %7} L2 5.8 Alo|Ld
H]sto] o} 7hG Alo]toll Al F-olskA Rekrhar skdith. &
3] o]5 It SollA = Tt Aol Bt iEff- Aol
ol A EHAE 4==o] B W=t ©]:= n-3 PUFA o] 3
B 7Hg-oll A ] &9k7] W o 2 1135}l c}. Takahashi (2011)
£ oFARet ol RE 2 15% H7bete] 357 ARG el & 85
A AL BA% A TG, Total-C, HDL-C, PL %7} ofA-&
Alo]gto] H|Sko] o] f Ao]Ftofl A A Faskital skqitt.
Higuchi et al. (2006)% oF-&-A0] Alo| 2] 2 F 0 & Hook X
29| F& gefsto] 1277 AR & F A AR AT
A1}, Total-C, TG, PL 5=7} lard 4]0]+(6% lard; n-3 PUFA
0.5% )k 1% o1 A A A]0]H(5% lard 37k n-3 PUFA
5.0% el vkl 3% (3% lard 4 71; n-3 PUFA 14.4% 3t
1) % 6% o] &A1 A 0] (0% lard; n-3 PUFA 36.8% FH7)
olA f-oJstHAl W& = UER It whetbA o] 5 dik=¢
A O] 7hax A-go] A EE Ao|AdS S SAERE
o} o35 AR w7} oL anbA o)k ARS A 3
= Aolet YT B3 o] {5 Alo| A A Z AREEH ol
olf+9] A7FFolut n-3 PUFA 28|17} 47 W& oo 2 =
& ZAolnt @R E Y] A o] Hofjdth= AR S G
it} E Aito| A= FH TG, Total-C, PL, LDL-C 59] %
7} PTFO 2]o]7o]| 4] Er} n-3 PUFA $Fo] =2 EFSO 4]o|
oA B & ANE UEhf o] @A d 0] n-3 PUFA %
eol| whet kS Wol etk 2SO 4= 9l 53| EFSO
Aot S4F SHASFAL] T8 AR A Qe
LDL-C 57} th& Alo|t59] oF 1/3 =0 Extstaitt. w)
2HA] o5 3EFFY Ao|A1A % n-3 PUFA 3ho| 71 =2
EFSO7} 597 31o] ool 714 A upA|Ql x| ol e} Azttt

XLZxZ o eptin B

Table 5= 2} A]o|ato] F8 WA 2] Q] WA AR (vis-
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Table 5. White and brown adipose tissues (WAT and BAT) contents and serum leptin level of rats fed the experimental diets for 4 weeks

(g/100 g body weight)
) WAT BAT Leptin
Diet groups’ - — -
Visceral Epididymal Perirenal Sum Interscapular (ng/mL)
SO 1.98+0.12N8 2.29+0.34° 2.44+0.26° 6.71+0.53° 0.0940.03 4.19+0.40°
PTFO 1.63+0.41 1.75+0.262 1.6240.51° 5.00+1.132 0.08+0.03 3.22+0.992
EFSO 1.76+0.19 1.67+0.262 1.7140.28° 5.14+0.302 0.09+0.01 4.25+0.34°

Values in a column sharing the same superscript letter are not significantly different each other (P<0.05) by Duncan's multiple range test. NS,
not significant. 'SO, Soybean oil; PTFO, Patagonian toothfish muscle oil; EFSO, Eco-friendly squid liver oil.

ceral), 11 8Hepididymal) =1 U A& (perirenal) 51 2] 27k
27 Gt 0 2GR AYT Aolo] A2 &
o, 7193 leptin 5 =5 LreRRITE, WA TS
A 2K YN FIAE Gk e e R Al
% 0 2|22 32 SO Aol 2] u]3ke] PTFO 2 EFSO
Aol o mEAA] fol5HA e S ey gony, 2
WA e BE AolRoA] Rt AR A ook
o} £33 E A leptin 5= SO % EFSO 2]o|o]| v]s}o] u|gF
OJA|REPTFO 2jo]tofl Al T Wttt UARHA O 2 leptine A
Z20] ofeff AYAbEl= HITE FAAE] AR R A, AlSHROf A
neuropeptide Y (NPY) %= melanocyte-stimulating hormone
(MSH) 52| &85 A=sto] 483 Az 9] 245 =4
She 2182 gk S A=A o] st leptin M|
o] axdHA| Bl o] = o] Al A NPY 9 1 84|15
A Ho] A A F7HET ofux) Aul gaEe
WO R ofulx) o] 2L VR AR Gl F
7Fall leptin Su]ako] Z7Fsfo] He] Al4fato| A MSHeH
0 48AE AFFORA AEHAE PRI oA A
HE P47 W0 2 ofuix) S 2 AcH(Friedman
and Halaas, 1998; Kim et al., 2014). & ¢13Lo]| A= SO 4]o]
o u]sto] WA A] o] ulakolA|ut B WL PTFO 4]
ool A] leptin 5= S| vlFol Mgk f2l5b B wigrot,
EFSO Aol A= wiAz| 2 4) ghFo] PTFO A]o]wtat
ARGl = B3}l leptin =7 SO A]o|3} F-ASH
o] 9tk ufebA] EFSO Alole] 79t Auhas] gt @
% leptin E2}e] A7k AINFEQ) Ak The Th27] o)
ol Ajo] A WS B AT Hrt e F7A7IE S v
Gk} leptin =7k P 7t A7} B asteha Az,
ool Aol A daF 2 EHAE A28 n-3 PUFA
ol 7M=& EFSO Ajoltol A 7 $-+5+%laL, PTFO
20|23} SO Aol Aol A= 7 Q) Apol7t gigl oLt Aol
A o7 o o intal e, =8 7] o] ARy
2] I SO Aoltof| Hlsto] EFSO 2jo]i % PTFO 20|
ol A Fulgkol Ak thar e A e ik, ahebA o
ol vlsto] e o] 7k Bl wHpR|o] 25 X[ o] Ao
=9 @A A B @t 28l v mapAQl Ao

>

=2 Azt
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