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Effect of Marine Fish Diet on Serum Cholesterol Metabolism in Normal Subjects
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Department of Food & Nutrition, Po Hang College, Po Hang, Korea

ABSTRACT

It has been established that hypercholesterolemia is a major risk factor for atherosclerosis.
Recent data showed that the incidence of hypercholesterolemia increase in Korea. n-3 Fatty
acids lower serum triglyceride profoundly but the effect on serum cholesterol is not clear. This
study was performed to assess the effects of low and moderate supplementation of marine n-3
fatty fish on serum cholesterol in young healthy korean woman. Nineteen subjects were divided
into two groups. Each group received an experimental diet supplemented with either 100g
(group 1) or 200g mackeral(Scomber japonicus) fish(group 1l ) for 1-week. The diet was desi-
gned to avoid in which the amount of n-6 fatty acids would be much greater than that of n-3
fatty acids. MUFA, SFA intakes were similar in the two diets. The ratio of n-6/n-3 fatty acids
was 12 1.1 for group 1, 1: 251 for group II. The average daily n-3 fatty acids consumption
from fish was 3.87g,/day(1.03g EPA, 2.84g DHA) for group I , 7.74g/day(2.06g EPA, 5.68g
DHA) for group Il . Blood samples were obtained 2 times before experimental diet, imme-
diately after experimental diet for 1-week. After experimental diet for 1-week, the serum total-
cholesterol levels decreased significantly(16.4+15.1mg/dl, p < 0.01) in group I and lowered
slightly(13.7+25.8mg/dl) in group 1. There were no significant changes from bascline to the
end of the study in serum HDL-cholesterol, LDL-cholesterol, HDL-C/T-C ratio, and LDL-C/
HDL-C ratio. The results suggest that the moderate levels of marine n-3 fatty fish con-
sumption could improve serum cholesterol in normal subjects, therefore it might be of value in
the prevention of atherosclerosis. However the clinical usefulness of moderate n-3 fatty fish
consumption of hypercholesterolemic subjects will require further study. Also further studies
are required to elucidate the long-term effects of low n-3 fatty fish consumtion. (Korean J
Nutrition 29(5) : 499~506, 1996)
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A 0o A4S F2 3 & et AR 7T olol} 150} (Scomber japonicus)E AH-&-3to1, n-3 fat-

2]
A, 1A Aolo] og uEAAWEF] $HHY  ty acids7h TR A Fozh B Qe BH F
o} A2 & APAAS 9 FEAW) AHE 7t AzEEd) ojud JFE vIAEA, o] tiF 71x A
= A5 Wale} tlBo], WA FY2HE FF 8 A & d7E AAST

So] Raso] IRIRAY F
n—3 fatty acidsi= Aol A BHAD R AiE 748
o

A7) Ahg 23740 D bleeding timed] 93 1. Ay
blood viscosity®] 74", Q735 &7t Aeol B e AEgdst A F 23R w=7 AN
By, oo wel 5“"7"5}% thrombosis®] A&,  o|n], ok B43lx] ¢he AA4E A 1998 e
FEHAL o] Tgo] HE oR B Z A8 tH(Table 1).

n-3 fatty acidsell 3 Z&| 28 E At Te 4o PARE F Fez uire, 1#(9W)de 15
PUFA9] o3 Z# 282 349 F2 rate-limiting  100g/days 33t oA 2 Aie] g A4,
F29 HMG-CoA reductased) activity?} 725 o M12(10%)olE 150] 200g/dayE £, oy 2 A

A, 7494 lipogenic enzyme®] &< A3 VLDLe o] 248 A9AS 42 15794 Fo 8% Z~
3t438 kAN AA | LDL receptor® £3 oA 2 B X 9S24 sHAch
Ao g9 LDL ol& &7 =0 o3l Ao 7 B AE.L 19933 1295 E 19943 1€Ake] AAH
gt @3 2] nAE g ge], n-3 v, gAAEY 5L HA 85 FAEE §%e
fatty acidsel @&t BAFH 22 g} Foe FE o, AP d=A B A7 RelA @Al A
=2 Eoj(<30g/d) A BolA RuEE Wolp? 2 St F oA} Mol BT Bofaf Al 4
Lro. Bojoll o] gale ofba A gt A ZHo E - 0.4 8A A, A - 2% 1A, AY -2
=3} lipoprotein patterndl] WA= FFEE YA | -8A17) el A A 34
A Ugx &1 gtk & n-3 fatty acid $i7b  ABA0)|E Fowe F Arlehs WEE 15970 AH
HDL-Zd# 22 57}‘3) LDL-Zg2H& 74128 gon, o] £ Ale]o] Aztel= AHGEA 2EES
714 & A3} So] Q= W HDL-Ed2HE, HDL,  &tsith
e o] Walrh UehA] gAY, A3 2 LDL-E AF717F Fol3k Aol A HHANEE e
H2HE 50 Z/195 5 Ueh} Rl 98 A% o, AP ool oW AFot oFAl(probucol, clo-
Aol A7t K755 fibrate, niacin, neomycinsulfate, cholestyramine
350, @0l F AAHL phytoplankton Af 5oz )Y HAE FaAT. 2PAAT A5 AAAS 2
EPA. DHAS} 2& n-3 fatty acids7t 53 /5 AL AU
o] glom® o]fol ulaled AAFaloloA HAl AHHE 2 AlBALD|
Fejo|c}t. 2} LUt Al giAte R n-3 fatty WA SolA 1797 ojah AwAle|e] A%
acids7} F28 AA9 5o 9FE A7 =22 =%
AEATHLEL Table 201 AAH vhsh 2},

Holt}.

Table 1. Characteristics of subjects
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n 9 10

Agelyr) 210+ 05" 224+ 4.1 NS®
Height(cm) 1596 £ 9.2 1573 + 3.9 NS
Weight(kg) 522+ 87 548 + 59 NS
BMi(kg/m?)? 204+ 25 221+ 22 NS
SBP(mmHg)” 117.8 = 15.1 109.4 +11.3 NS
DBP(mmHg)" 779+ 117 719+ 75 NS
Basal serum total cholesterol(mg/dl) 179.8 + 35.7 169.5 + 21.8 NS
1) Values are mean =+ standard deviation 4) DBP : diastolic blood pressure

2) BMI : body mass index [weighttkg)/height(m)’] 5) NS : not significant

3) SBP : systolic blood pressure
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B3t9 0 o= il ’Z usol9 corn oil] F
oA & A% Fol A 23l JHEZ sl w4
F9 A2 Electronic Balance(ER-180A, AND
Com., Tokyo)E ©]-&3}] A Zaisiv).
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Table 2. Composition of experimental diets
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n-3 fatty acids ¥7} 120} 4] $E= &lgivh & n-
6 fatty acids %17} n-3 fatty acids 4H R 24
HEE 3} n-3 fatty acids®] 43 EHE o} B
tl Gafo] @ A EE AT}

119 n6/n-3 ¥l 1:1.1, P/M/S B]-&2 1: 1.
21:1.43, 159 100gel <3 n-3 fatty acid: 3
87g/day(EPA : 1.03g, DHA : 2.84g)olgloml. 13
& 150} 200g0) 9 n-3 fatty acid: 7.74g/day
(EPA : 2.06g, DHA : 5.68¢), n—6/n-3 H]& 1: 251,
P/M/S Hl€o] 1:1.03: 1.14% FA =T}

g 7 7kl 5ol 43 ?}Ol"ﬂ B dis ¢
7198 = 2] MUFA AH#E(I T 15, 1:1.07),
SFA AH(13: 1% 1:De B]"fﬂ HH7) 1%
2 Ho|g TAFgon T Fzhe] By 11

44T}, A U"“«] FH2HE ?}a [ o] 151.6mg/

day, o] 185.2mg/day ¥
25 A2l A %ETQLJ} =2 e AFA
7% A& zEske 200 LU Vitamin E(dl-e-to-

é -r°1 °]’ME}.

copherol, F-3H43) &

Total cholesterol, triglycerides EAHol| 2l3t9] clin-

Food Food I I

exchanging name Amount  Energy  Protein Carbohy- Fat  Amount Energy Protein Carbohy-  Fat

groups (g/d) (kcal) (8) drate(g) (g (® (kcal) (8 dratelg) (g

Fish Mackeral 100" 1738 16 12.2 200 347.6 32 - 24.4

and Beef-lean 60 815 12 3.72 20 27.2 4 - 1.24

Meat Soybean-curd 80 35.5 8 0.39 - - - - -

Lipid Perilla-oil 2 17.5 - 19.4 2 17.5 - - 1.94
Corn-oil 5 41.0 - 4.55 3 24.6 - - 2.73
Butter 10 67.6 7.5 5 33.8 - - 3.75

Milk Milk 200 1121 6 4.9 200 112.1 6 11 4.9

Vege- Greenish 210 60 6 210 60 6 9

tables yellow-
vegetables

Fruit Orange 200 200
Apple 100 192 - 100 192 - 48
Persimmon 80 80

Cereal Rice and 295 19.6 2254 2.07 295 1000 19.6 2254 2.07
Sweet 1,000 ’
Potato

Total 13425 1,780kcal 67.65 293.4g 37.3g 13155 1815kcal 67.6g 293.4g 41.0g

1) edible portion
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Table 3. Fat, Fatty acid composition of experimental diets

1 il
Total fat(g/day) 37.3 410
Fat, % kcal 19.0 203
Cholesterol(mg/day) 151.6 185.2
Marine n-3 fatty acid(g/day) 3.87 7.74
EPA, 20 :5 1.03 2.06
DHA, 22:6 2.84 5.68
a-linolenic acid, 18 : 3 1.45 1.54
n-6 fatty acid(g/day) 4.85 3.70
linoleic acid, 18 : 2 473 3.47
arachidonic acid, 20 : 4 0.12 0.23
n-6/n-3" 1.1 1/2.51
PUFA(g/day) 10.26 12.98
MUFA(g/day) 12.42 13.34
SFA(g/day) 14.71 14.75
P/M/S? 1/1.21/1.43 1/1.03/1.14

1) n-6/n-3 : Zn-6/ Zn-3
2) PIM/S - polyunsaturated/monounsaturated/saturated fatty acid ratio

ical automatic analyzer(Shimadzu CL-7100, Japan)&
BAslglon] 33 high density lipoproteincholes-
terol(HDL-C)2 Hipoprotein(LDL, VLDL)S 74
71 3, A& 9J= high dencity lipoprotein(HDL)
Zo| A cholesterols &4 (HDL-cholesterol 548
Aok 17380, =AIAI2kF218]A}L, Kobe)oll ©Jated Auto-
matic absorption spectrophotometer(Vital ab 21.,
W-Germany) & 540nmellX 48Tt

&2 low density lipoprotein cholesterol(LDL-C)
& Friedwald 5o| #3#3 LDL-C A&4A424 & o]&
sto] TR

Serum LDL-C=Serum T.C.-(Serum HDL-C+
Serum TG/5)

4. EAME]
BE 8% SAS(statistical analysis system)E
g3l BFF FFAANE pailen, 247 PHE
A Ao] Bof d Fo] {94 HAAL paired ttestE
£3jo] dobugitt.
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9o n-3 fatty acids9t 22 2lo] Ahate] AH &
I 2 A A g %5-’5}‘% A A £
o} W7} AL v A AL ue], AP4 P/M/SHI=
1:1: 1o 7HHEE S5t

£3 PUFAWAE n6/n-3 A4t v/} 18t} &
2 YEE = -6 fatty acids® 437t n-3 fatty a-
cids AFRT} Bx) X slo], n-3 fatty acidse] 4
#H S do} Big JFge] @ nAES A,

138, $ue AR 29 19 B3¢ B A%
80g/day 2t 97k B2 100g/day] n5o1E Fo W
gton] o2 F& of 3.87g/day2l n-3 fatty acidsE
AR on, F dyolE F3tdE o 5.3g/dayd
n-3 fatty acids® A#HsAh I¥L, 125 200g<
23 ok 7.74g/day9 n-3 fatty acidsE, ©18 X% 4
o] AAZ Tl oF 9.3g/dayel n-3 fatty a-
cidsE Fof it

B Agalolo st A% 2 BMI ¥ske 25 AR
oo} | 79 A% AFo] 52.2kgoll A 53.2kg®
2, BMIE 20.4kg/m®*1A 20.9kg/m°e2, N1+9 4
% A% 54.8kgollA 55.8kge & BMIE 22.1kg/m®|
A 22.6kg/m*o.2 °kzte) F7} 7 ko] vrElhtt

ol 1A S Aglo] A AT, EE E AFo]
AE A)7)7)F §29 FAFT A 63 ANEPe] e
7] Holmg oA 29% AAA 7HHE EF9] o7
Ael 19 o« AF S 32kcal/kg/day®R A-&-3}

2 g A 52 7149 AAF 34keal/kg/day "= A&
P A Sol TS n|F 7] Wil Aoz Almen
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1) Serum total cholesterol

[ 23 T3¢ MUFA, SFA A3z v2sh} A
Mol Rozg T2 E §lo], marine n-3 fatty a-
cids7} &% Zd|2el B v 9 A 2 A5
& Table 40l Yehd vk} 2o}

AR A 179 8% & o202 FF> HHE 179,
8mg/dl, 13 169.5mg/dl2 A4 9P 0w, F

T Abolol 24 b= Gt
o] 1993d F<ey 5] Hudt ojujAe] ¥
#28HE & 161.3mg/d], 19939 <A 5200
28k G2 gigAle] 159mg/dl Rot H2 Fx]o]y,
g3 AP Rz 208.5mg/dl, 19918 97
S 20t) o Ade] EA% 192.7Tmg/dl, 1992 A
®o| ¥ g 181 .6mg/dl Ko} wre Holr},

F=ele) H AT~ EXE 34 120~200mg/
di? AEFAS H QAo NstE A4 Frtstn
ATk Z 19949 A3 T A4 491 8,208%S o
Aoz ¥ F FYU2HES B4 A3, dRAE
180~199mg/dl, JztIME 160~179mg/dl F-7tol
7H B g A EH o, 220mg/dl o3 A ¢
7} AA A=t 16.5%, 240mg/dl ©l7ge] A g4
A F 1.3% A stk Hasty it

2 A49s &3l
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r
off e o fm ofw

| & 315 0](Scomber japonicus)
100g/dayell <13] 3.87g/day(EPA : 1.03g, DHA : 2.
84g) 9] n-3 fatty acidsZ, T3+ %50} 200go] 2l&)
7.74g/day9 n-3 fatty acidsE 1597 A 43,
[ & HZ fo)de JepgA] gstont, 48 $ 34
7.6%9 #4425 1yew, 12 28 F 84 & &9
2E1E0] oF 9.7%(p <0.01)¢] fod ZAAE Hol A
Ao 428 dAR 234 sz o 3 AF A

% B 3 29(5) © 499~506, 1996 /503

o ul$- =ge] @ Ao Z eyt

ol g AxE= 200g/daye] 25 FAo & 7.5%
o ¥4 & =Y2HE g4 ZivF YETHE von
Losonczy 579 A+ Zi} 1549 & - o A<l
280g9 L5o1(EPA : 2.29)8 Kol %9 F94 44
Z Bgve Singer 9 Hugl fAlsl.

Harris 9 ¢1oj9} Max EPA(20-29¢ n-3 PUFA/
d)E 1299 7A73E & ool A Foste] 14%9] T.C.
2AEH7) JeERtS-S, Nlingworth $72 799 & -
o] A¢lo] Max EPA(24+8g n-3 PUFA/d)E 54,
23%4 He T.C. 4 53HE Bty gy Yo
=2 n-3 PUFAY A&7 890

2) Serum HDL-cholesterol

B Ao g A diga £9 HDL-Z824HE
¥w [ o] 49 1mg/dl, 1] 50.0mg/dlE, ©.7
A 599 Aol A Bargk 200 olie HDL-E9~
HE % 59.0mg/dith, & $29 @2 digAle] 56.
Smg/dlEt) oft wou}, A 599 oulae] B3|
45 8mg/dl, 7 529 oJA4E9 FF ¥l 45.3mg/
dlET} okt e o 2 Aol ),

£ Yo o9& HDL-Z#~HE e fodL 9
Qo [3oA 10.2%, T3IA 3.4% F718 B,
Aol 298 n-3 PUFAY H37F 5948 oyl
22 4 & 7 A5 AARIKET

B A= AA2eld s 84 HDL-FH 28 E 5
o ¢k7ke] Z717) ghvdka B 13k von Lossonczy &
RO B R i E 1=

n-3 PUFAY 98 HDL-ZUAHE %9 77}
gtthe Cobiac 579 ¢4 R 2 HDL, 5% 7P
gohe 97 B3, HDL, A F7F ¥% ofzt
HDLy/HDL; H|7} $7Hlths 23% $& 53, n-3

Table 4. Changes of serum cholesterol in healthy young women by the fish diet

1 il
Total-cholesterol(mg/dl) Before 179.8£35.7 169.5+21.8
After 166.1+29.8 153.1+18.8
Differences -13.7+£25.8™ -16.4£12.1%*
(-7.6%) (-9.7%)
HDL-cholesterol(mg/d!) Before 49.1+11.5 500+ 74
After 54.1+10.5 51.6+ 7.3
Differences 5.0+ 84" 1.7+£13.3%
(+10.2%) (+3.4%)
Before 115.8+29.5 100.2+26.6
LDL-cholesterol(mg/dl) After 103.1£29.6 925+18.2
Differences -12.7424.9% 77421.2%
-11.2%) (-7.7%)

Values are mean +standard deviation

*+p < 0.01, significantly different from before the fish diet as determined by paired t-test
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PUFAZ} 35843 ol $& 43S vie ¢
G itk ojgjgt Aol o]f9] n-3 PUFAZ} HDL-&
d2HES F7H171e 7132 VLDLAA HDLsZ9]
Hgke] R o= AYEL) 1 7S S g,
i} e AN oFF-H Gafo] wAEA] A
¥ 83 HDL-2d 28298 938 724N 4%=
9lel, n-3 PUFA7} HDL-Z¥AHE 3% °ﬂ U A&
ool dijd Alg o AfEojof & Aoz Kot

3) Serum LDL-cholesterol

g4 Ul LDL-Zd 28 g9 52 94 Fd2eE
9] 2/37} LDLel 9J&f 24522 total-cholesterol®
Feo vl gt 2o,

A9 A4 4 LDL-SY2HEL
dl, T} 100.2mg/dl= 4% A €3
MA M7 [ro] ofF Eekot; 7  Aleld] foF
A= gllen, A 9ol 3.

ol 19903 Ad%y AWM A4z, oAl
ol F#F LDL-C 136.7mg/dl, 19924 2739 59|
20~29A4] oz} A LDL-C 121.9mg/dl Bt} o}zl
J:]o]L} 199411 7389} n)Ae] Rakel 20~594)
- H¥ LDL-C 92.2+28.5mg/dl ¥th= 47 =
olt}.

g4 LDL-ZH~HZE &g F3by
glyceride A& AAte] & A@ol| &
1) triglyceride ¥4 5 AR&-al .

Z |79 84 triglyceride ¥5+ 49 A 744+
27.2mg/dl 9ew A3 I 44 8+7 3mg/dl(-40.0%,
p <0.01), 17 28 A 96.9+35.4mg/dlolA, 24
% 44.946.6mg/d1(-53.4%. p <0.01)A S}

2 A s [, [+ BEF LDL-Zd&HE
oAl 11.2%, 7.71%9 727} Jehgony f90% wsh=
vrEREA] 33kt

ol 2~8g9] ¥& olfr FoA LDL-ZHEAH S
Al ool YEREA FYUE  Simons T,
Bronsgeest-Schout 5*2] xi1 €3 FAFSE ZA3}o]
=

[ 2] 115.8mg/

FY2HE £

r]o n
r_‘r:L

g ¥ tri-
ofe] A (A]

24733 ARl PUFAS 437} LDL-Z# 2~H| &l
wz)E g OI—rE* o] JAAAYT, Zagrke B
2P9Ee] 9l W Z7lEchs HuELEYY Y B
dAsA] ¥t g giRE ATES PUFAd gt
LDL-Z# 28Z9] Ash= LDL-uptake?] 7l <3t
th=d] 598t glom, saturated fatty acidsE re-
ceptor-mediated uptakeZ reducing®lA w9 ath-
erogenic® €% LDLE S/ 7t ¥o)”,

A7F

4) HDL-C/T.C, LDL-C/HDL-C ratios

Coronary heart disease "¥49 918 FEZA To-
tal-C 240mg/dlo]4t, LDL-C 160mg/dl °]4+, HDL-
C 35mg/dl o|st2 2™, Total-C 200mg/dl °l3},
LDL-C 130mg/dl ¢]3l8 §A& A& AFstn 3o
o, HDL-C7} Total-C 3| #@ALle] coronary
heart disease®t 7d Aol g0l HiHHA,
CHD9 oA Ax=4 HDL-C/T.C, LDL-C/HDL-
Col vl gEe] F8A] Ha Y.

A3 A HDL-C/T-C(Table 5)& I 7] 0.28+0.06,
Mol 0.30+£0.072 FHEded, £ Aol o)
oRzke] ST Byl ou, #949-& YA @9ttt

Childs 5*"¢] d+e|A+= normolipidlmic men<)
basal LDL-C/HDL-C FXx7} 2.46+0.19, 2.15+0.
27030, F2)o]. Zg4 ool o3 f2)F Fart u
eigti Bug wl gtk B dAPeME LDL-C/
HDL-C =7} A& A [ 0] 2.44+0.76, T0] 2.
07x0.67914 A3 & fzhe) 744 AGE HHo
oA wghs Yeh A F3Tt

AAAol7L B4 Q) ool B Felzr Bl vl
e v B Ads oo 2o
}

AR 4z 1990l 2o E Wl 1S 1
50| (Scomber japonics) 100g/day7t E3HH A& A0)
2 1S 159 200g/day7]- ¥k Aol ® 153
U7t Fof W)

Aol 24E BE [0 A A LaF
1,780kcal/dayE 33 65%, @A 15%, A% 20%
(n-6/n-3=1:11, P/M/S=1:1.21: 14322 Ful)
2 Uy Foglon AME F3 n-3 fatty acidst
o} 3.87g/day(EPA : 1.03g, DHA : 2.84g) %t}

I By 28% 1.815kcal/days 33 &

Table 5. Changes in ratio of HDL-C to T-C and LDL-C to

HDL-C
) I I
HDL-C/T-C Before 0.28+0.06 0.30+0.07
After 0.33+0.07 0.34%+0.05
Differences 0.05+0.05 0.04+0.09
LDL-C/HDL-C Before 2.444+0.76  2.07+0.67
After 1.97+0.69 1.83+0.49
Differences  -0.46+0.56 -0.11+0.87

Values are mean =+ standard deviation
HDL-C : high density lipoprotein-cholesterol
T-C : total-cholesterol

L.DL-C : low density lipoprotein-cholesterol



A Aol 2t 65% ¢ 15% - 20% HA=F Ure] £l
Fouy, AWk FA8E n-6/n-3=1: 251, P/M/S=
1:1.03:1.14, A& B3 n-3 fatty acidse o 7.
74g/day(EPA : 2.06g. DHA : 5.68g)°]%it}.

7kl MUFAHE 1:1.07, SFAHE 11, $E23%
=1:1.44 4}

A 2olo] o FH|~HE A3t TtE Yol
ko]  sIm2 Agalolo] E3EE n-6 fatty a-
cids 2} n-3 fatty acids AF #o] =& FATIH L
o, P/M/S v1&-& z2fstgict

1) serum total-cholesterol& Iito] 43 A 179.
8+35.Tmg/dlol A A8 & 166.1+£29.8mg/dl= 7.6%
Zdon T7< 169.5+121.8mg/dlelA 153.1+18.
8mg/d1Z 9.7%(p <0.01) <8 #Z4AE 23t

2) serum HDL-cholesterol 2 LDL-cholesterol&
T QYo T 7 BRolA ogke] U 9 Aa
& 718k

3) HDL-C/T-C ratio & LDL—C/HDL—C ratio®
Ag Ao Hjate] Fejd2 gloy 43
oRzke] 7t 4 A TS

o9} Lol 1Y 200g9] A Ao] HHwA oF 10%
v EHE 83 F ZHU2EHE A 98 B 7 e
o, S gglott HDL, LDL Zul~eEd s 7
7} F7F 9 240 JeRgT oj2jdk £ A7 AnE 1|
Fo} 228kl n-3 fatty acids7t F53 AA 9 A=
g4 FU2HE A 783 2HE 7 o= AL
2 Holn, waba Selve) AlEe] d X AHE =
28 ~oq 7h EuiAsE volrt BAEmAS ot
o £go] @ Ao Er}

FTTET

N
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