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Effect of Dietary Fat and Oils on Serum Lipid Status and Fatty

Acid Composition in Tissues of Rat

Jung Gyo Im « Sung Hee Cho
Dept. of Food Science & Nutrition, School of Home Econmics Hyo Sung

Women’s University Daegu, Korea

=ABSTRACT =

In order to establish tissue lipid status in animal on feeding of various dietary
fat and oils, each group of rats was fed a semisynthetic diet containing 10 %({w /
w) mackerel oil (MO), eel oil (EO), soybean oil (SO), rapeseed oil (RO) or beef
tallow (BT) for 1, 2 and 4 weeks. After each feeding period, levels of cholesterol,
triglyceride and phospholipid were measured in serum. Fatty acid « composition
was also investigated in serum and tissue lipids.

Levels of total serum cholesterol were lower but HDL-cholesterol were higher
in fish oil groups, which resulted in significantly higher ratio of HDL to total
cholesterol in the fish oil groups. Fish oil groups, in general, also had lower le-
vels of serum triglyceride and phospholipid than other groups, but SO group ma
intained as low phospholipid level as fish oil groups. Faity acid composition of
dietary fat was reflected in all the tissues investigated but with varying degrees.
Very long chain fatty acids, specific components exclusively found in fish oils
were most well reflected in liver and relatively well in serum, whereas linoleic
acid and erucic acid of SO and RO in the diet were better shown up in heart
and adipose tissue. It attracted a particular attention that major proportions of
long chain monoenoic acids (C,.,) occurring both in MO and RO were detec
ted separately in liver and heart plus adipose tissue, the result of which strongly
indicates that there is a significant difference in metabolism between isomers (C

%1981 W5 dFastAwt AdFvle Y32 o) FoA,
H4dar: 198291 119 69

—10—



— Aol ol Aol A A D4

2.1 W1l and C, ., w 9, respectively).

It is suggested from this study that differences in lipid status as well as in the

levels of serum lipids result from uniqueness in metabolism of each different fa-

tty acid and give rise to distinguishable change in serum lipoprotein pattern, fol-

lowed by diet with different fat sources.
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Table 1. Composition of diet

Component g/100g
Starch 43
Sucrose 10
Glucose 10
Casein 2
Vitamin Mix.2 2
Salt MixP 4
Cellulose
Fat or Oil 10

a : Vitamin fortification mixture obtained from Bio
Serv. Inc. Frehchtown, N,]., U, S, A,, provided
the following (per Kg diet) ; vitamin A (200,
000 L U./g), 4.5g vitamin' D (400,000 L U./
g), 0.25g, alphatocopherol, 5g, ascorbic acid,
45g, riboflavin, 1g, i-inositol, 5g, choline ch-
loride, 75g, menadione, 2.25g, paraaminoben-
zoic acid, 5g, niacin, 4.5g, pyridoxine HC],
1g, thiamin HCI, 1g, pantothenate, 3g, biotin,
20mg, folic acid, 90mg.

b : Salt mixture used had composition of Rogers

and Harper’s'®),

Al 74 FE 15 25, 459 AgFez FHslm
ATL 5ehelol 44 Agsigth AYsRE § Hol:
AR AHAA 24T oY oA 1044 55
gz, AT FH2 W Adz o4 Y Akl
a2 A8

3. 94 4 Ao ARY

Ad4elz 9477k (1,2,4 F) 4153 F pentobar-
bital 2 vt A A B35 Ansle] A%, 7y, AW
23 4 24¢ Ayt A HY 2L dry ice
Hell 4 2= o] 9l aluminum block o2  wlE o
A kF 7l gd AlEs P F FEAD T Byag
o @4 g 3500rpmol 4 30 27 A4 Hesld =@
AL dgeh

o] total 9 HDL — cholesterol 3+ F4x]3
(TG) = Sigma Chemical Co.(U.S.A.) ©| enzyma-
tic reagent kit g .33t waAaksigon o=
2 Chen#:™ & o) &3t Zys19th

¥4 9 44, 2%, A%z 64 Folch g o
435l AL $5 HAG % sulfuric acid— benze-
ne — methanol (1:30:90, v/v/v)<& 73tn -84

3le] Y- ampoule T ulEo] 2.5 A7k FhEEA)
7 methylation'™ A7 3 W3l T R4z 3~4
3} 4¥3 o}g petroleum ether 2 F%3)e] Hofo]
litmus 2 o] 44 o] VEbutx $& WAx] 2~33
A H -2 ul®3l 3 petroleum ether 28 He)3ic) o
ZAE Na,SO, 2 g% 5 3577 water batho4] 7z
55 AH 49E AAG 14 chloroform ] - %o
44L& gas chromatography 2 %2 43)9 v}
olwl B4 =& Table 29 Zow gas
tography o] ¢|5le] Helsl 7 peak & R F AW4le]
methyl ester (ki Gas Chromato T 38!) o 8-§4]
ZH(Rt) 3 vl @3t WY n = $HR 7 peak &
W Zym oz wWAg Faln o159 AR g
Zzte] e YEER Jehl Qo

chroma

Table 2. Instrument and operating condition for
gas -liquid chromatography

Instrument Shimazu G C-4BMPEF
Detector Flame Ionization Detector
Column 1M x3™M Glass Column with

Diethylene glycol succinate
(10 %) on Chromosorb W (80 —
100 mesh)

Column Temp. 180 C

Detection Temp. 250 °C

Injection Temp. 250 C

N, : 40ml /min

Carrier Gas

Attenuation Sensitivity : 102 x 1
Range : 64 x0.01(V)
Chart speed 10 MM/ min
4. B4 g

AYH 3o fo 2 students’ t-test 24 ubA 3}
Atk

| 3'-}

1. Aojx)ahe| xatatz 4
AgYo]l Fol x3d BME A AW 24
2 Table 301 et vio} 2o FApel 5o #
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Table 3. Fatty acid composition of experimental
fat and oils

(unit: % )

Fatty! Macker- Eel Soy- Rapese- Beef

acid el oil oil beanoil ed oil tallow
14 : 0 2.6 2.5 - 1.0 2.4
15 : 0 0.5 0.4 - - 0.2
16 : 0 20.5 19,4 10.1 3.3 26.1
16 : 1 5.8 8.8 - - -
16 : 2 1.1 1.4 - - -
18 : 0 6.8 6.2 8.1 0.7 23.5
18 : 1 25.4 41.8 26.1 18.8 42,5
18 : 2 1.8 1.6 47,7 12.6 3.6
18 : 3 0.3 0.5 8.0 6.8 -
20 : 0 6.0 4.9 - 9.6 1.7
Unknown 2,6 2.0 - - -
2 : 1 7.4 0.8 - 47,2 -
24 - 1 1.5 6.8 - - -

Unknown 18,7 2.9 — _ _

' Carbon number : number of double bonds.
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Table 4o] %41% Zla} o] A FHSpE 5F 7
F 27194 100g HeNA AFARY T 1Y H
T S7bge] 3.5 ~5.4g olgim 1 Fol 4 4] 7] o)
7t Eotod BT tt4 ¥ e Bgn 2
B v Aol AT AFF7E Ay AER AQEE
AL RMEE AERS A 2ok

3. 83 cholesterol ¥ o} w3}

YA 77 (1,2,4F) Tt 539 A Aol 95t &
3 total cholesterol (Fig. 1).& 2% 15 4] o] Zq)
= 4757 AFHTo oE F50 e F
wov 2FgAE A7 EFo] }AS A3t F
AmTaAde @2 gl A% {x=o 4F  Fos}
E3] yvorrt, HDL -cholesterol - total cholesterol3t
ol wistal4 Mol A Te] aFolfIH HofF
Fol t& 2 e Jelgda AERd HAEFE
kel 2 foAde gigdrt Total cholesterolo] o gk
HDL - cholesterol o] u]-8& Fig. 19 3}clo] 34|
g ubel o] AT EC] o}E FEA st 22 g
o8 45 Ao|F ALY

Table 4. Effects of various dietary fat and oils on growth of rats during two weeks

Dietary Fat Mackerel oil Eel oil Soybean oil Rapeseed oil Beef tallow
Weight gain 3.5+ 0.3 4.1+ 0.3 46+0.3 48+ 0.3 5.4+ 0.4
(g/day) S + + * *
Food intake
(g / day) 13.7-£ 0.5 15.3+ 0.6 16.4+0.6 17.04-0.6 17.940,7
Weight gain
—_— 0.2 0.2 0.2 0.2 0.3
Food intake
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Fig. 1. Levels of total(A) and HDL - cholesterol (B) and their ratio (C) in serum from rats fed synthe-
tic diet containing 10 % experimental fats during 1,2 and 4 weeks, Marks ( —@ —, —O—,

~-A--, --M--, --[]--) represents mackerel oil, eel oil, rapeseed oil, soybean oil, beef tallow.
Each point are the mean value obtained from 5 rats.
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Fig. 2. Levels of TG(A) and phospholipid (B) in serum from rats fed synthetic diet containing 10 %
experimental fats during 1,2 and 4 weeks.
Conditions were same as described in Fig. 1.
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A FAEFFL 2 2o s FAES F83A
y} 4l (Table 1) al linoleic acid (Cyg.,) o Tepo] 5
#o] &&-2 wgrl Linoleic acid s} #7347 e}
2 % ¢l arachidonic acid{Cy.q ) & FT71EF
A 259 4F Aol F A wlmz oz}t
AzANGAE AFFTH A vxdRy, AAZ F
AZfEo] YA FERTEoE 234 28U 4
Az e 24 Fakdl foldo]l ek Aol 4
Ay F 2AdsiA dadsle] gk dAg A4t
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Bk AEA oz wAsdr =d Fyeo) FAHHA
% wBaF 24 o449l A49h4 (unknown o2 F A))
15 Aeol% 5 Aol A daA 4dg wA
el A FRel A ol £l glonm mFolfl

°|

acid composition of sera from rats 1,2 and 4 weeks

(unit : % )
1w 2w 4 W

Fatty! acid
C MO EO SO RO BT |MO EO SO RO BT |MO EO SO RO BT
13: 0 - - 1 12 5 51| 17 17 9 7 4 2 1 - )
14 : 0 7 4 11 5 41 13 22 10 6 5 2 2 1 1 1
16 : 0 15 11 13 21 22 22| 16 7 20 19 22 17 36 24 16 21
16 : 1 8 6 6 - 8 4 9 18 - - 7 7 5 3 10 12
18 : 0 14 9 12 12 6 14 7 6 14 9 12 7 5 13 7 13
18 : 1 22 18 29 19 30 32} 20 20 21 26 38 |30 42 22 34 37
18 : 2 9 9 10 15 9 8 6 3 18 8 6 6 7 18 8 7
18 : 3 - 5 - 1 2 - - - - - 2 - - - 1 -
20 : 0 - 4 - - 2 - - - - 4 2 2 - - 2 -
20 4 2 7 8 4 5 6 6 6 7 4 2 6 1 1 5 3
22 : 0 2 4 - - - - - - - - - - - 2 6
22 1 4 - — - - 3 - = - 8 - 7 - - - -
24 : 0 - - - - - - - - - - 3 - - 2 -
24 . 1 15 - - - - - - - - 2 — - — — 2 -
Unkown 2 23 1 5 2 - 6 1 1 5 - 6 1 5 9 -

!Carbon number : number of double bonds.

C = control, MO = mackerel oil, EQ = eel oil, SO = soybean o¢il, RO = rapeseed oil, BT =heef tallow.
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Table 6. Fatty acid composition of livers from rats 1,2 and 4 weeks
{unit : %)
1w 2 W 4 W
Fatty! acid
C MO EO SO RO BT |[MO EO SO RO BT |MO EO SO RO BT
14 : 0 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2
16 0 22 21 22 21 18- 26 17 20 15 15 16 17 21 13 14 22
16 1 — 3 6 3 3 3 3 5 2 2 6 2 3 2 2 5
18 0 16 16 14 15 14 17 18 20. 15 16 20 18 18 20 18 19
18 : 1 27 19 27 23 3% 29 21 27 19 31 31 24 31 22 34 33
18 : 2 15 7 5 19 10 7 6 6 25 10 7 4 20 9 7
18 : 3 1 - - 1 2 - - - 3 1 - — 1 1 1 -
20 : O - — 1 - 2 1 1 - 1 - - —- - 3 -
20 4 14 6 7 12 10 9 9 5 13 14 11 6 5 17 15 10
22 : 1 - 5 3 - 1 - 4 2 - 3 -— 6 3 — — -
24 - 0 - 1 2 — - - 2 3 1 1 1 1 2 - - -
24 : 1 14 7 3 16 7 3 3 3 20 11 5 3 1
Unknown 2 7 5 2 3 3 2 4 2 - 3 1 1 - -

1
Carbon number

number of double bonds.

C = control, MO = mackerel

Table 7. Fatty

acid composition of hearts from rats

1,2 and 4 weeks

oil, EO = eel oil, SO = soybean oil, RO =rapeseed

oil, BT = beef tallow.

(unit : % )
1w 2w 4 W
Fatty! acid
C |MO EO SO RO BT |[MO EO SO RO BT |MO EO SO RO BT
13 0 - — - - - - 3 1 1 2 - 1 1 1 —
14 0 2 2 1 1 1 2 3 3 2 1 1 1 1 1 1
16 0 11 12 15 11 14 14 17 23 18 14 17 14 12 10 8 11
16 : 1 — 2 3 - 1 3 5 6 5 3 6 1 2 1 1 3
18 0 20 20 16 21 12 24 21 17 20 11 18 21 19 19 17 18
18 : 1 18 22 26 18 24 27 27 27 23 25 27 22 24 22 23 26
18 : 2 17 13 11 26 15 14 8 6 20 16 12 8 10 24 18 14
18 : 3 1 U T S 1 1l - - 1
20 : 0 - 3 2 1 6 1 1 3 1 5 2 1 1 1 5 2
20 : 4 18 9 10 12 9 7 6 3 4 8 8 10 12 13 15 14
22 : 1 - 2 1 - 9 — - 2 - 8 — 3 — - 8 -
24 0 1 1 3 1 - - 1 - - - - 1 4 1 - -
24 . 1 8 5 5 2 3 3 1 1 14 7 3 2 3
Unknown 5 5 4 4 5 5 3 5 3 3 -

1
Carbon number

: number of double bonds.

C = control, MO = mackerel oil, EO = eel oil, SO =soybean oil, RO = rapeseed oil, BT = beef tallow.
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Table 8. Fatty acid composition of adipose tissue from rats 1,2 and 4 weeks

{unit : % )
1w 2 W 4 W

Fatty! acid
C MO EO SO RO BT [MO EO SO EO BT |[MO EO SO RO BT
13 : 0 1 2 1 2 1 2 1 - - - - - - -
14 : 0 3 2 2 2 3 2 3 2 1 2 3 4 1 1 2
16 : 0 32 28 271 22 27 28 | 28 28 22 21 26 | 31 27 21 22 27
16 : 1 17 13 14 10 8 12 13 1 10 11 | 18 16 10 10 13
18 : 0 2 4 3 4 3 4 6 9 3 9 3 2 2 1 3
18 : 1 28 35 40 34 32 40 34 37 29 34 43 | 4 38 28 3»B 4
18 : 2 15 11 9 24 13 10 5 9 29 13 7 3 6 33 12 7
18 : 3 1 - - 2 2 — - - 3 4 - - - 5 4 -
20 : 0 - 1 1 - 6 - 3 2 - 7 - 2 1 - 7 -
22 : 1 - - - - 5 - — - - 7 - - - - 6 -
24 1 - 1 - - - - 1 - - - - 3 - - =
Unkown 1 1 2 - - 1 6 1 2 - - 2 2 - 2 4

! Carbon number : number of double bonds.

C = control, MO = mackerel oil, EO=eel oil, SO =soybean oil, RO = rapeseed oil, BT = beef tallow.
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