Journal of Oil & Applied Science 1
Vol. 34, No. 4. December, 2017. 938~946

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2017.34.4.938

1-l

H
3¢ 29

et
Z

7 Aot B39 B AL @
o HAE 9%

Jr
=
=
8
Jz
i
ok

—_ J?l',
&
o
ol

sty sjokufo] @ Al =5t a}
(2017¢ 11¢¥ 4¢ 7@—’? 20179 1198 249 4 20179 12€ 4 A=)

Changes in Serum Lipid Components and Blood Glucose
by Krill (Euphausia superba) Meal and NaF in Rats

Dong—Hyeok Jin - Da—Young Oh - Young—Geun Lee
Dong-Soo Kang! - Han—Soo Kim

Department of Food Science and Technology, Pusan National University, Miryang 50463, Korea
' Department of Marine Bio Food Science, Chonnam National University, Yeosu 59626, Korea
(Received November 4, 2017, Revised November 24, 2017, Accepted December 4, 2017)

8 9F : Krill (Euphausia superba)¥+ NaF7} Sprague DawleyAl 431 -;J—r]-J Az 9 F7 3%,
A AR 4 Sl Fo) miXe JFE ZARE] flste] 7240l gF tj=] BDES
£oto] 7|&24olo] NaF 10 mge A+ FoIg BFE, 10%KF10), 20%(KF20:1LL), 30%(KF30+5) 2]
krill meals 7} Alolof NaF 10 mg A4 FoAg w02 +#3 6vg|d 57k Fo=2 o] 537
AR At ot Zr SF 9] AlF Alol9] krill meal o] F71e el wel FAskla, thRdt
%l BDol| Bl NaFE A+ Fog BFolA WA A= 7 A7 FA AL ¥ak= 7rol|lA BD
o H} NaF A7 Fo] oA Fodom @A Yeigom(p<0.05), 19l FA= KF10+&
ALt NaF A Fo] oA =2 Aoz WA A%, =, W, A%, AdoAe z2t +9 Z7 1+
Ae FolAQl 2ol7b AATHPK0.05). @3 5 total cholesterol, LDL cholesterol, free cholesterol,
triglyceride, phospholipid, @9 skt thxw<Ql BDEET BEZOIA AN, krill meal ¥Fo] S7t
o o} 7ASHY A, HDL cholesterol &= BDTHETF BFolA Worom krill meal $Heko]l what
Hap F7tsle Aoz BAEY €4 5 total protein ZF w4 527F 210](p<0.05)7F Yl Ao
2 Yehgon, albumin X%}t albumin/globulin ratiol= BDw¥} BFt2 H|S=$H A3/t Lepgtont
krill meal A& oA FAEAT Globulin X+ KF10wt, KF20+%, KF30+, BD:, BFt £02 =
A A=) ojet Z2 AE ujFo] Hol krill meal Aol NaF A+ Fogt 839 A5, 3
44 9 99 24 337} Sl AoE ARFHT

el

FAo] : 29, 205 EReolS, NIYE, FY. YR, FEEY
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Abstract :

Journal of Oil & Applied Science

This study was conducted to examine the changes in serum lipid components and

blood glucose by krill (Euphausia superba) meal and sodium fluoride (NaF) in rats fed on
experimental diets and administered orally to NaF 10 mg for 5 weeks. Body weight of rats
decreased as the amount of krill meal diet increased, it was observed the basal diet plus NaF

group (BF group) compared to the lower basal diet group (BD group). The serum concentrations
of total cholesterol, LDL (low—-density lipoprotein) cholesterol, free cholesterol, triglyceride (TG),
phospholipid (PL) and blood glucose in serum were higher in the BF group than the 10% krill
meal group plus NaF 10 mg (KF10 group) or BD group, the 20% krill meal plus NaF 10 mg
group (KF20 group), the 30% krill meal plus NaF 10 mg group (KF30 group). Conversely
depending on the content of krill meal for the HDL (high—density lipoprotein) cholesterol level, it
showed higher results. The concentration of total protein was no significant difference among the
groups (p<0.05). The results indicate that a krill meal diet effectively inhibited increases in lipid

elevation and blood glucose level in the sera of rats.
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1. M B

2T AekE A8 9 o] @34 a4
oA A A EZ(dyslipidemia) © &¢It A&
| S7kskal Qlol Areld wAI7F =il gl
o|tH1]. oA EEF2 Hlvt, nHSL, <l
A S71= Qe dE fEshH(2],
AE5EHH IF 443 HEe] Ao s WSk
gibsEE A7l ZAeR deA SITH3I
Tt HEIAERH cardiovascular  disease,
CVD)ell S mlAl= A7 F shold, ol&
g5 IAZATH( high—density lipoprotein
cholesterol, HDL-CHO)9] sE7} @ =9l
AEjlA S A H (triglyceride, TG HUEZ]
ol (low—density lipoprotein cholesterol,
LDL-CHO)o] &2 &k o o 2st= ez
ey IoH4]., TG-rich Ag¥le FHWASHE
do7]= LDL 4#-E 7HAaL 9lew CVD 19
Z71e] Q¢lo] Hrka Hilxlo] QITH5]. ESE A
AdrAgsael sjdA Agdsor g HE
%, =AM, e, 1E9d Aded
go] HM¥Rr JhsAdo] wmohAl Hilxe] itk
[6,7). AE(Euphausia superba)d oL A O]
Fol &ote AZARE HUge o AHAE
FrAsk=d 5a% LS st ojgo] 400t
= older wWdisiri8]. Rt FFo] whEw}
214 Jtegol =11[9] 1 F FH2HE, TG 59
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Krill (Euphausia superba), Sodium Huoride, Lipid components, Blood glucose,

oVgAREEe] i} e A
2 4y AAA,  eicosapentaenoic  acid
(EPA), docosahexaenoic acid (DHA) ¥ "
ofu|lcito] FHSto] A 9 JpgEOoRo] &g
Tt =& Ac=E oA oH10-12]. o«gt
ojfol E5ta o8 § 7k, ArpAastaso
ot SR |49 JtgEs] E5], el x
=0] o] &7 AlZSHA oA 52 A

A
oA APER = =5t oAFsHE EA

"ot Ao A3, ole] 9l
A= 382 B8] Sdotol A4 B4, U
[15,16], T2 R8T SO d77t 29
43 g 43om, B a7k g3 39 2
o] #7l Fol7h NaFE A7 Folgh 9]
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Dawley] %% #1%(DAEHAN BIOLINK Co.,
LTD, Chung-buk, Korea)& 7% &7]&(Ottogi,
soybean oil, Gyonggido, Korea)~ ke 71
ZA0]2 1797 oju] AF%ate] BN F o
¥ (randomized complete block d651gr1)0ﬂ o]
ort A 5722 metabolic cage (JD-C-T71,
Jeongdo, Korea)ol Wro] 533+ AR ARS61S]
ot A ARgAHS & 20+1T ¥ Hk
50£10%+= DASHA FAARIL, FLS 1247
(7:00~19:00) 712 ="} ‘ﬂr[l8] oA H] AL

2 AAE 5 =EAHLe Bigisty 5587

) EE
A92]0] FA e A5 stol AAIEA

Nl

2.3, Moo= U MAHZ

AojzxA W AAFE Table 13 Zrh 7]&
Aole HAFHAZ R (control)Ql BDE, 7]EA]
ol NaF 10 mg¥ 72+ Fog BFE 10%,
20%, 30% krill meal 7} 2lo]o] NaF 10 mg
A AT T KF10w, KF20&, KF30ZLe=

2.4, #3 S22 A2
A

49 Ak FHFLoll TAT Y EAAFIAL o

338 B 9 NaF A7 Aot 9719 @4 ABYE 2 I W) AL 9F 3

H2 opste] AgAfgHesr @A Foto
4CollA 1A A & F 3,000 cycleZ 20
27t dAlEeste] @S gol Al AEsHA
oh Ad AR AR FHEA] AlFE 5745
ow, Atm JHFS WMd A= e
o] o] B&S AHESHIHH18].
25 7| B
T8 A7 2A9 FF2 AF(body weight,
BW)oll thgt Adi S&H(g/100 g BW)E 5t
LFER SiTt.

2.6. X|ZMHE U blood glucose S| MZF

g3 F9| total cholesterol (T-CHO), HDL-
cholesterol ~ (HDL-CHO),  LDL-cholesterol
(LDL-CHO) 9 triglyceride (TG) k& &4
Hlenzymatic)ol  <Jsll  ZAFA  A|2F(Eiken,
Tokyo, Japan)& AFH&5F 1L, phospholipid (PL)
9,] ﬁ;ﬁg _S_Alﬂ__o_i z;ﬂ% ﬁ;q_g_ /\]ok
(SICDIA PL, Eiken, Tokyo, Japan)2 AR&-3I%
o free cholesterol (Free—CHO) &4-& free
cholesterol (Fiken, Tokyo, Japan) A|9F& A&
sto] AYslsHE A 7] (Hitachi 7150, Tokyo, Japan)

Table 1. Experimental groups and compositions of experimental diet

(%)

Ingredient Groups”

BD BF KF10 KF20 KF30
Casein 22.00 22.00 14.10 6.20 1.50
Corn starch 50.95 50.95 48.85 46.75 41.45
Sucrose 10.00 10.00 10.00 10.00 10.00
Cellulose 5.00 5.00 5.00 5.00 5.00
Mineral Mix? 3.50 3.50 3.50 3.50 3.50
Vitamin Mix” 1.00 1.00 1.00 1.00 1.00
Soybean oil 7.00 7.00 7.00 7.00 7.00
L-systine 0.30 0.30 0.30 0.30 0.30
Choline bitartrate 0.25 0.25 0.25 0.25 0.25
Krill meal - 10.00 20.00 30.00
NaF? - 10 mg 10 mg 10 mg 10 mg
Total 100.00 100.00 100.00 100.00 100.00

UBD is basal diet (control), BF is basal diet + NaF 10 mg, KF10 is 10.0% krill meal + NaF
10 mg, KF20 is 20.0% krill meal + NaF 10 mg, KF30 is 30.0% krill meal + NaF 10 mg.

? According to AIN-93G diet composition.

JAIN-93G-VX vitamin mixture (MP Biomedicals, LLC, Illkirch, France).

Yp.0. injection.
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2 ZAs9tt. Blood glucose E+ EAWH
o5l ZA|® Al2F(Eiken, Tokyo, Japan)& ©]&
sto] AYsFsHEA 7] (Hitachi 7150, Tokyo, Japan)
2 Z4otAH18].

2.7. Total protein, albumin % globulin
Sk &

Total protein, albumin ¥ globulin®] @73 &
e aawed oo xAE A% (Eiken,
Tokyo, Japan)& Ahgste] AaFsHEA]7] (Hitachi,
7150, Tokyo, Japan)&2 =&+ cH19].

2.8. A4 A&

=4 Aol FAAY: AT & B}
HEEFHAE BASHEA, 79 #tol= one-way
ANOVAR 24 g FH p<0.05 FFolA
Duncan's multiple range testo]l £Jste] 2zt A7
Z3F 7He] FoJAQl Aol AFHrh A
of tigt =273 [BM SPSS statistic ver. 22
£ Argskelh

3. it 9 n#
3.1. S B7tEF U Ao|gs

712 Aolg Fogt thRF(BD), 0%, 10%,
20%, 30% krill meal 4]o] & NaF 10 mg= 7
T Foit BF, KF10, KF20, KF30of oA 5
T ARSS BF9 AF SUFEE 9 Aol A
F, Aol @82 Table 29 2o} AF S7HFS
KF1070] 152.50+21.62 go& 714 %7 e}
o, BDw(150.83+18.82 g), KF20+£(146.67

Journal of Oil & Applied Science

+26.58 g), KF301(125.00+23.45 g), BF#
(118.33+24.63 gaom wgton] Aolo] krill
meal AHTEANAE krill meal H|Fo] Fope
mat ZHashe Aol e, BFES &
ol ztolE Holw 7MY W2 AF FUFFol
ZEATH(p<0.05). Ao] HH 2 BD(844.66
+28.07 go] oE ol Hst =3¢k, BFL
(841.97+18.89 g), KF10+(737.09+80.62 g),
KF2011(696.99+37.71 g, KF30:£(672.62+
68.05 g o2 Aojggo ANE HSE o
KF20+(20.97+3.07), KF10(20.74£2.63),
KF30+(18.84+4.39), BD(17.90+2.51), BF+#
(14.03%£2.71) %2 Yeht KF1023 KF20+
oA felHoz =A WEEHAHp0.05). krill
2 A3}t xanthigeno] IA|FAolz2 FEH H|TE
9] AP B3t A 9 BalE £33 o
Bol % TG &g @3 1 F krill 2¢0]
o] &7t Qtke Aog BustyrH20]. 85 2
163 NaF 25 ppmskd =& A+ FoT
81F9] A& Z71FS NaFE ¢ o Tt &
A4 Az o]l oty wio] AHFF7IEe]
ZAEcta soh21]. wetba] B A Aate)A
T ole} FARRE A2 HArh

3.2. &7 5%

Krill meal& #H7}st 4ol& 533F A5
NaFg A7 Fofste] HFY TAIRE AR
ol F7] U xZ o] FL Table 33 Fr},
2 9 e At F7] FHNA BE L2
oA Zpolzh TEER] ¢kkom (p<0.05), 7
o] &2 NaF AT Eo & krill meal S
512 2 BDolAl 3.38+0.20 g/100 g BW

R o e

Table 2. Body weight gain, food intake and FER of rats fed experimental diet

Group Body weight gain (g) Food intake (g) FERV

BD 150.83+18.82%% 844.66+28.07° 17.90+2.51%
BF 118.33+24.63 841.97+18.89" 14.03+2.71°
KF10 152.50£21.62° 737.09+80.62° 20.74£2.63°
KF20 146.67 £26.58% 696.99+37.71° 20.97+3.07°
KF30 125.00£23.45% 672.62+68.05° 18.84+4.39%

YFood efficiency ratio.

YThe values are means+SD (7=6). Values with the different letters in the same column are

significantly different (p<0.05) by Duncan’s multiple range tests.
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Table 3. Weight of liver, heart, lung, brain, kidney, spleen and testes in experimental rats

(g/100g BW")

Group Liver Heart Lung

Brain Kidney Spleen Testes

BD  3.38+0.20°2 0.35+0.02° 0.53+0.10°
BF  2.95%£0.10* 0.34x0.03* 0.50+0.02°
KF10 3.05%0.12* 0.30£0.02* 0.48+0.03"
KF20 2.98+0.18" 0.32+0.02° 0.49%0.03°
KF30 3.21+0.16" 0.35+0.04* 0.46+0.04°

0.41+0.04* 0.65+0.03* 0.21+0.03* 0.99+0.06®
0.44+0.03* 0.65+0.04* 0.16+0.08* 1.10+0.07
0.43%£0.04* 0.61%£0.04* 0.19£0.03* 0.94%0.12°
0.43+0.04* 0.67+0.05" 0.19+0.02* 1.06+0.03%
0.43+0.04* 0.65+0.05° 0.21+0.02* 1.05+0.06®

YBody weight. ?The values are means+SD (n=6). Values with the different letters in the same
column are significantly different (p<0.05) by Duncan's multiple range tests.

(body weight® 7HF =om, 7]EAo]d
NaF 10 mg # ZAFFoe BF#2 7P W2
2210 2.95+0.10 ¢/100 g BW=E gojdoa
A TEEATHp0.05). HHH2 ngtA S
© BFzo] 1.1040.07 ¢/100 g BWE TH2 o
HIS[A Fo]2Ql ZpolE Holm A uehidth
(p£0.05). AFNA 7|EAF Zejid H AHES
ok AolE Fofstd MY, A, A% F
g A7l % dau 7t AoldFZel o
E AT 7t T o8l 594 a]lo]l IF
T Zlo2 HuEo] QItH22-24].

o

3.3. €3 59 x[HYEn Y s
A7 2H 9o ALEYE ¢

Table 4} Zt}. Total cholesterol (T-C
Lol 7]JEAolo] NaF 10 mg & A+
BF(93.5£3.1 mg/dL)o] tix+<91l BD+-
aote] krill meal& 7KgE 2olE FAT
v Fo]H 02 (p<0.05) =}k, krill meal

FFol F7tet] wet T-CHO9 4=2]7F 745t
Lt Zgko] EEALE T3 HDL-cholesterol
(HDL-CHO)®] 7% BD+(22.8+1.3 mg/dL)=}
BF#(19.941.2 mg/dl) E3t {oF Ao
(p0.05)& EHor, krill meal®] o] =otbA
°f w&} HDL-CHO &&=7F H2F S7tsts A2
2 Yyt LDL-cholesterol (LDL-CHO)¥}
free—cholesterol (Free—CHO), triglyceride (TG),
phospholipid (PL) ¥ &9 -sko] Zdx} E3t
T-CHO®A ¢t a7 tx&2 izl BDtoll H]
3 BFZo] foHMom =9towm(p(0.05) krill
meal §Fo] wrab KF10w, KF20+:, KF300]+

o
rd
lo @ g o Lo rfr

el dFe Erhe Huet fARE A
ERATH25]. ES nAEEL |
EY glucose?t FAEE A2 El
FA] 822 Aoele Aoz Humo] 9l
[26]. olof 2 A% A3} krill mealS o]A4HA]
g5 9 @9 7% el &t e AL
A

[

3.4, 83 =9 total protein, albumin %
globulin Sk

34 39 total protein, albumin, globulin %
A/G (albumin/globulin ratio)= Table 5 }et
ok & 9id sh= 2 ke Ay o]
of mE FEg W= Holx| ¢kttt NaF 7
TR A g &+ F 7]EAelE HFAAX BFE
o] 6.74+0.11 g/dL2 7} Yo KF10,
KF20+%, KF30o|A] krill meal &Fof o2 )
ol gk Aoz WHET. Albumin kol
Al BDw(3.26+0.02 g/dl), BF#(3.27+0.12
g/dl)2 KF10%(3.10+£0.04 g/dL)¥} H]wste]
FoHor  E=A UEREem(p<0.05), KF20<
(3.13+0.04 g/dL), KF302(3.1940.09 g/dL)2
krill meal ¥ge] we} F7ioh= o] =
ot Globulin 5X+& BDw(3.54+0.08 g/dL),
BF#(3.47£0.03 g/dL)ollAl §9do=z W2 5
T BEEHIHp0.05), KF10+£(3.68+0.02
o/dl),  KF202(3.63+0.09 g/dl), KF30Z
(3.5840.07 g/dL)2 krill meal o] o=t 7
A5he Aoz FEE9en, KF10#d KF30

- 942 -



Table 4. Effects of krill (Fuphausia

superba)

Journal of Oil & Applied Science

on concentrations of total cholesterol,

HDL-cholesterol, LDL-cholesterol, free—cholesterol, triglycerid, phospholipid and blood
glucose in serum of rats fed the experimental diet

(mg/dL)
Group BD BF KF10 KF20 KF30
T-CHOV 84.5+2.8"2  935+3.1° 85.4+£25°  80.6+2.1%  77.7+2.4°
HDL-CHO 22.8+1.3° 199+1.2*  21.8+0.9%"  21.5+£1.0%  223+1.1°
LDL-CHO 414423 488423 443+2.6° 39.6+2.2° 37.3+£2.4°
Free—-CHO 22.5+1.1° 24.8+1.0° 22.4+1.2° 22.240.9° 20.1£1.1°
TG 67.2+1.8° 76.5+1.9¢ 72.6+2.2¢ 68.8+1.8° 62.3+2.0°
PL 123.0+£1.7°  1282+1.8> 1224+1.9°  120.6+2.0° 121.5+1.7°
Blood glucose  124.1%2.7% 1285429 1231423  122.6+2.5  120.9+2.7°

YT-CHO s total cholesterol, HDL-CHO is high—density lipoprotein cholesterol, LDL-CHO is
low—density lipoprotein cholesterol, Free—CHO is free cholesterol, TG is triglyceride, PL is
phospholipid. ?The values are means+SD (2=6). Values with the different letters in the same
row are significantly different (p<0.05) by Duncan's multiple range tests.

Table 5. Total protein, albumin, globulin concentrations and A/G ratio in serum of

experimental rats

Group Total protein (g/dL) Albumin (g/dL) Globulin (g/dL) A/GY

BD 6.80+0.06* 3.26+0.02° 3.54+0.08% 0.92+0.03
BF 6.74+0.11* 3.27+0.12° 3.47+0.03° 0.94+0.04¢
KF10 6.77+0.01* 3.10+£0.04° 3.68+0.02° 0.84+0.01°
KF20 6.77+0.11* 3.1340.04% 3.63+0.09% 0.86+0.02%
KF30 6.77+0.16" 3.1940.09% 3.58+0.07° 0.89+0.01%

Y Albumin/globulin ratio. ?The values are means+SD (#=6). Values with the different letters in
the same column are significantly different (p<0.05) by Duncan's multiple range tests.

T2 FOAQ AolE HAATH(p<0.05). EF
albumin/globulin ratio (A/G) ¢ Zit BF#

(0.94£0.04), BD<+(0.92£0.03),
(0.89+0.01),  KF20+(0.86+0.02),

KF30+
KF10+-

(0.84£0.01) £22 FoHel FJolg Holw Z
2389 EH(p<0.05).  Albuming 7t FAEE

4

o U o

g4 oA s wAAdER 52, A W shet
25 fEEdov LdE 24t T2 7]
sto] qhd 7HAg HAabel 2 xR fast A
dH A rH27,28]. EZFF globuling 7+
I Al AEHAS BA EH cortisolt

B o off

A FE7F SUbste] 7 &4 AxE ARGHTL

Hilxlo] 9ItH29,30]. A/G 2 WHESA
o, 78NS, 9 Ao, A I Aol 5ol
37k, 9% =% £, M SolA dx
of G5 gtell High 2| x=E AFEEE Zo®
24 UH{31,32].

1o o r

4. 2 E

Krill (Euphausia superba)¥ NaF7} Sprague
DawleyAl 4 3F 300t2]9] A5 9 7]
g, 2% AE4E E o o] mi=

of o\
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Vol. 34, No. 4 (2017) 38 EF 2 NaF 71 Aol7t g9 €4 #d4

= AR fIste] 7124l0lg g dixT
BD#-& H|&EsSto] 7]24lolo] NaF 10 mgs
37 o9t BFE, 10%(KF10), 20%(KF20),
30%(KF30:) 9] krill mealS 7} 4ol NaF
10 mg A7 Tt #o=2 I ontgd 5714
TOo =2 UHRo] 537 ARSShe] 2 AYRS sk
oy, 89 AlF2 2Ao]9] krill meal ¥Fo] F
Zhgte]l wat #Aaskay, diE2a¢l BDwoll Hls)
NaFg& 7+ Foigh BFZolA WA = el
7y 7| 8A A el ¥et= 7rolA BDHEoll Hs|
NaF 7 Fo] oA fojdoz A vt
O m(p<0.05), 1B e] FA= KF1072 A9
gt NaF A Fof ZolA =2 Aoz =S
oh A, H), M, A, APl 4 29 A
FAE 940 ZFol7t gldth(p0.05). 84 F
total  cholesterol, LDL  cholesterol, free

o
ro odl

cholesterol, triglyceride, phospholipid, @9 sk
£ tix2w?l BDEHET BFFOlA EAT, krill
meal o] F7ietel| whp FAsiglal, HDL
cholesterol %= BDIHT} BFto|A] wgrom
krill meal ¥egFel wet AA} Sk Aoz &
ZEct. @34 5 total proteine ZF oA
old zpo](p0.05)7F fl= ALE Uetgon,
albumin X2} albumin/globulin ratiox= BD
¥ BFE-2 HIeE A7F et ot krill meal
A7 oA Fa=ih Globulin EE KF10
-, KF20&, KF30%, BD+, BFE £02 &7
T olet E2 AR mFo] Kol krill
meal 4o]= NaF A4 Fof & 3AF9 A5 4
A AEAPE, 99 249 It Qe AR

A
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