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Effect on Blood Lipids and Lipoproteins of A Supplement of Korean Pinenut Oil,
rich in 5-Olefinic Acids, in Normocholesterolemic New Zealand White Rabbits

Yoon, Tai Heon - Lee, Sang Mu
Koreq Institute of Nutrition, Hallym University, Chunchon, Koren

ABSTRACT

The present study was carried out in normocholesierolemic New Zealand white(INZW) rabbit,
to evaluate the effect of dietary supplementation with Korean pinenut oil, on plasma lipids,
plasma lipoproteins, liver lipids and platelet aggregation. NZW rabbits were fed for 80 days
on a commercial chow diet supplemented with 5% of energy as fats(soybean oil or pinenut
oil) or 10% of energy as fats(soybean oil or pinenut oil). A control group was fed a commercial
stock diet. There were no significant effects of pinenut oil on plasma free cholesterol, HDL-
cholesterol, triglycerides, glucose and lecithin-cholesterol acyltransferase, as compared with those
obtained from rabbits fed the soybean oil diet. After 80 days, the concentration of plasma
free fatty acid in only the pinenut oil group was significantly decreased by about 50% relative
to the control dict. At the end of the dietary treatment, liver triglycerides and phospholipids
were significantly decreased in the pinenut oil group, compared to the chow diet, whereas:
the soybean oil-consuming rabbits had only significantly decreased phospholipid levels, Choles-
terol contents of liver were unaffected by type of dietary fat At the end of 80 days, a diet
containing pinenul oil resulied in a decrease in apolipoprotein B and the apo B/apo Al tatio
as compared with the stock diet or soybean oil dict. Platelet aggregation induced by collagen
or arachidonic acid was depressed significantily in pinenut oil diet.

KEY WORDS : blood lipids - lipoproteins - pinenut oil + NZW rabbit.
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Table 1. Composition of the stock diet(commercial chow diet) and the experimental diets(g/100g diet)

Control 5% group 10% group
Stock diet KJj(%) Stock diet Kj(%) Stock dier Kj(%)
+5% far” +10% fat*

Moisture 12,50+ 0.27 - 12.09+ 0.27 - 11.894+ 0.26 -
Totwal sugars 38.85L 088 57.90 3820+ 0.86 54.70 37.55%  0.85 51.74
Protein 2146 043 31.98 21,10 042 30.21 20.74 041 28.57
Total lipids 3.02& 015 10.12 468 0.15 15.09 635 0.15 19.69
Ash 580+ 0.69 - 571+ 0.68 - 5.65% 0.70 -
KJ/kg diet 11,228.881+ 168.47 11,6871£ 165.00 12,146.67+ 161.44

Each dawm represents the average of tplicate samples.
“Supplemented with 5 or 10% fat(soybea.n oil or pinenut oil) of total energy intakes per day.
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BEGOT $ dages 5708 Uy, 129
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ey gol 809 Bt AMSIIGTE A 4ol
AE 4 AAZRAL Table 13} Zr} dlE2E
FIA & FA 58%, A 32%, A 10% 2
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#3t4rh
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AR ] ARAE e 15% Foo] HA O
BEagoen, ol AW 5% REFATY
WA 76 E BH gaoe] 55%, dede] 30%
FEoIUT F7F 2 AVIF 10% BEFAEE
7180l ATIET 1FALES FU A A &
Zrdo] 20% FF0] HA o BEsgoen og
27 = FAL 52%, HRAL 98% FFo]
Atk d@2e)Qd nHFARS} FUIE L AVIEY
A et 242 Table 29} Zth

49 80¢ A 7ITEd B AHRo] HHA
Ao AMEA 2% E 20~25T, §EE 0%
FAAZIL 1243 FHe 2 HEFTH £FE 44
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Table 2, Fatty acid compostion(% of total fatty
acids) of commercial chow diet, soybean
oil and pinenut oil

Fatry acid CommerFial Soyl:?ea.n Pine‘nut
chow diet oil oil
12:0 0.02 trace -
14:0 0.17 0.07 0.01
15:0 0.05 0.01 hae
16 .0 14.47 10.52 4.81
161 0.23 0.03 0.08%
17:0 0.12 0.09 0.08
18:0 2.26 2.83 1.80
181 20.48 21.63 28.82b)
18 1 2 54.58 54.52 46.55
18 :8,5,9,12 - - 13.70
1813 w3 4.03 8.57 0.15
20:0 0.25 0.38 0.31
201 o9 0.42 0.21 1.35
202 w6 0.14 0.11 0.59
20:8,5,11,14 - - 115
220 0.08 0.34 0.08
22 11 0.01 0.02 —
22 15 w3 0.32 - -
22 16 w3 0.25 - -
240 - 0.16 -
2411 - 0.05 -
Others 2.36 0.61 0.54

a) Also contains 16 : 1 w9, trace.
b) Also contains 18 ; 1w?7, 0.91%.
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18mlAE % 715hs) 71g o] E/F v 50ml poly-
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(PRP)= Aoz HXA7]l IHEEZ=E 960
rpmell A 1087 ARG S dgler, platelet
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2]sle] A vt PRPS} PPP= agpregadon &73¢
Are-g o7 37C Shaking waterbathol] 2.8} b
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Fig. 1. Quanttation of platelet aggregation curve. Values
are measured directly on recorder tracings in
mm. TS=change in light transmission due to
platelet shape change ; TaAc=change in light
transmission due to platelet aggregation as co-
mpared to original transmission level ; TMAx=
Ts+TaG, the maximum change in light transmis-
sion ; SAG=slope of the initial aggregation curve,
respectively.
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Table 3. Effect on body-weight gain, food intake and food conversion efficiency of giving rabbits a stock
diet or an expernmental diet supplemented with soybean oil or pinenut oil

Inital Body-wt Food intake? Food conversion

Group : 1) - 3)
body—wt(g) gam(g) Kj/d efficiency®

Control 2,968+ 321 621£ 691 1,615k 345 4644 4.76
5% Soybean oil 2,995+ 152 998+ 157 1,427+ 71 .73+ 1.15

10% Soybean oil 2,978+ 152 8474 304 1,384+ 70 7.47+ 2.64
5% Pinenut oil 3,094£ 248 1,015+ 234 1,850% 354 6.69E 1.46

10% Pinenut oil 3,098+ 151 904+ 464 1,576+ 179 7.35£3.13

Results expressed as means® SD of four o six rabbits.

1) Body-weight gain during the 80 days.

2) Mean of the food intake measured each day during the 80 days.
8) Food conversion efficienty=(g gained/K] eaten}X10%
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Table 4. Effect of dietary supplementation with soybean oil or pinenut oil on plasma lpid parameters

Time on diet

0 40 days 80 days

Total cholesterol Control 48.48+ 8.40 5229+ 4.38 3284+ 6.41
(mg/lOOml) 5% Soybean oil 4848+ 8.40 390.09+ 12.05 35,87+ 12.63
10% Soybean oil 48,48+ 8.40 40.06L 4.21 37761 11.13

5% Pinenut oil 48.48+ 8.40 49.39+ 12.482 4292+ 12.60

10% Pinenut oil 48.48+ 8.40 45.79+ 17.07 4091+ 9.08

Free cholesterol Conturol 31.26+ 4.01 92.52+ 2.16 17.25+ 3.09
(mg/100ml) 5% Soybean oil 8196+ 4.01 93.64% 5.47 19.74+ 8.72
10% Soybean oil 81.26+ 4.01 21.38+ 3.70 14.97+ 1.83

5% Pinenut oil 51.26%t 4.01 27,51t 512 17.48% 6.38

10% Pinenut oil 51.26+ 4.01 26.60+ 7.30 17.59+ 38.27

HDL-cholesterol Conirol 25.68t 6.21 23.56+ 4.16 19.61+ 4.75
(mg/100ml) 5% Soybean ol 25.68+ 6.21 22.95% 9.41 18.31+ 463
10% Soybean oil 23.68L+ 6.21 2579+ 7.37 25.22+ 5.10

5% Pinenut oil 28.68+t 6.21 26.88+ 11.67 20.16 8.90

10% Pinenut oil 2368+ 6.21 26.55+ 2.71 21.24+ 4.28

Triglycerides Control 47.15£27.73 2528+ 9.51 35.77£10.00
(mg/lOOmD 5% Soybean oil 47.15+27.73 9558+ 2.94 23.88+ 5.21
10% S(;ybca.n oil 47.15+27.73 39.84+17.24 88.97+ 7.29

5% Pinenut ol 47.15+ 27.73 31.10% 5.40 53.50% 54 .48

10% Pinenut oil 47.15+ 27.73 25.58+ 9.69 45,20 31.17

Phospholipids Control 88.28+ 6.25 7044+ 9.84 81.25%+ 6.67
(mg/100ml) 5% Soybean oil 88.28% 6.23 78.16% 17.80 66.84+ 8.25
10% Soybean oil 88.284 6.23 77.70+ 8.50 81.68+11.39

5% Pinenut oil 88.28+ 6.28 9241+ 13.649 754511592

10% Pinenut oil 88.28+ 6.23 81.20+ 4.63 80.48% 5.15

Free fauy acids Control 5.27+ 4.25 5.10& 243 577+ 183
(mg/100ml) 5% Soybean oil 527+ 4.25 405+ 131 158+ 0.97
10% Soybean oil 527+ 4.25 2.45% 0.90 387+ 1.38

5% Pinenut oil 527+ 495 2.74% 1.00 3.05% 1.399

10% Pinenut oil 527+ 4.25 2.26+ 0.37 2.8+ 0.82P)

Glucose Control 120.25+ 45.59 111.98+ 14.78 117.69+ 9.78
(mg/100ml) 5% Soybean oil 120.23 45.59 117.69% 15.85 114.11t 7.82

10% Soybean
5% Pinenut
10% Pinenut

oil
oil

oil

120.25+ 45.59
120.23% 45.59
120.25+ 45.59

110.00+ 4.12
116.11+ 9.08
103.34% 12.02

139.77+£ 22.70
123.04+ 15.75
11061+ 7.59

Results expressed as meanst SD of four to six rabbits.
a) p<0.05, different from control.
b) p<C0.01, different from control.

c) p<0.025, different from control.
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Table 5. Effect of dietary supplementation with soybean al or pimenut ol on plasma lecithin-cholesterol

acyltransferase activity

Time on diet

Group

0 40 days 80 days
Control 3946 + 19.22 20.81 + 15.26 23.98 = 12.59
5% Soybean oil 39.46 £ 19.22 18.32 + 16.63 19.15 = 22,66
10% Soybean oil 39.46 + 19.22 22.48 + 19.10 18.32 £ 10.40
5% Pinenut oil 39.46 + 19.22 30.61 = 16.77 23.98 £ 4.18
10% Pinenut oil 3946 £ 19.22 31.41 + 26.77 2872 £ 7.77

Results expressed as meanst SD of four to six rabbits.

£ sl

3. Lecithin-cholesterol acyltransferase &4

Lecithin-cholesterol acyltransferase &44-& 47
Al F A (baseline) ol W3] tjzTolv A¥T =
T 10~54% A FastPovt Fo42 e
Z} AR 7)ZEel A dEzEd Hlste dET 2T
Fo g 2pe]7h WERER] eFgkTh(Table 5).

4. 2 BXYH U RYIEY

Z7E 2 ANEL 0YEt FH% H 7 2
A 2@ ZrEAz e v Ae 4FE dHE b
Fig. 29} & A#AE At FALEe] 29 o
ZFo HEta] FNEL 26~54% F7HFAA g
L)t Wt A7) E Foro e tlR2Te
Ao BYG F&olth FEH2HEL hE2 T

Hjgte] F715elv 3718 =T 27} fisled,
EdsdAg = e 10% A7]ET0] 49% T
(p<0.05)% g ehgich QAL F71E
ot ANE BF fT 4T BAFE o &
ol 3 e}

6. BE OlEX|CHEHE &

B3 hZ AU A (Fig. 8) Tl ofLATHAE
AL AEAA FHdol} ZF AS7)3Ee] gzl
Hjgte] 4PF BF A tFold ;e FA
stk fHe] olE:AGHA B AMS 80U
HE=Ts F7NETol AZIST HlEhe] 2 3~4
iy g FEGLUALS )€ B FAd
Apo B/Apo Al9] HIZ 80UA o] =T FIIE
o] FAVIEF HEke 1.8~s500 EoH A
A A A vt e 5.3~54 ERH(GR

12

2..

O-

5% SBO 10% SBO 5% PNO 10% PNO

CONTROL

Fig. 2. Effect of dietary supplementation with soybean
0il(SBO) or pinenut oil(PNQ) on liver composi-
tion{g/100g, wet weight).

TL, total lipids ; TC, total cholesterol ;

TG, triglycerides ; PL, phospholipids,

Results expressed as meanst SD of four to five
rabbits.

a) p</0.05, different from control.

b) p<0.025, different from control.
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aggregation 9%-5 ¢35 v (Table 6). BA F
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Fig. 3. Effect of dietary supplementation with soybean
oll(SBO) or pinenut cil(PNO) on plasma apoli-
poprotein Al(apo Al), apolipoprotein(apo B)
and apo B/apo Al ratio.

Results expressed as meansx 5D of four 1o six
rabbits.
a) p<0.05 different from pinenut oil group.
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Sagol| Al Wt dojubx] i ol ELE
7tetdE Al ET vEke 10% F71ETH 5
%9 10% F71EFoNA Tmax, Tag?] #kol 9
A Zrdle AL RAFAD, Sagd) Fole
AET =257 A3t oA egskoh

oL} A7 EL 30UESH oA 7tz
gHu Aoz fAYrt. Fig
Qi vk 2ol FAE T 744
WA ES] Aubo] AR Fo) vehd W
2718 FaAE Aurdzo] Dol skl

ol

1

a
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o] 71918 Aoz FHT 1By o] o]y
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Table 6. Effect of dietary supplementation with soybean ol or pinenut ol on platelet aggregation

After 80 days

Agpregann
iggrengt ’ Before Control 5% 10% . . 5% . .10% .
i Soybean oil  Soybean oil Pinenut oil Pinenut oil
Collagan
T max 87.06+ 14.72 90.00+ 4.35 89.93% 8.63 84.21+ 7.07  76.90%10.05¥ 74.66+ 7.50%
T ag 59.75+18.93 66.66% 4.58 6406 11.11 6540+ 882 581051150  52.50% 18.08
S ag 68.50+ 7.18 72.08% 1.01 71.93% 807 73.59+ 1.70 74356+ 4.84  68.50115.07
ADP
T max 58.50% 4.27 4241+ 123 4443+ 1481 41.00% 835  38.50% 6.25  59.43%+ 445
T ag 2705+ 491 1941+ 524 172511552 1412+ 462 1740 548 1631+ 1042
S ag 69.55+ 1.70 64.41+ 6.42 61.50+17.97 64.75% 466  69.10% 3.57  63.93+13.25
AA
T max 84.75+21.46 93.66+ 520 87.93+ 7.51 78.88+10.42Y 67.00% 4189 69.81+10.69%
T ag 52.50+ 17.63 69.00+ 492 57.31+ 1401 54.12% 4475 4705+ 6.307 42,06+ 10.36Y
S ag 69.75+ 4.99 70.66+ 5.68 66.62+12.31 7087+ 075  74.15% 2.97  73.00% 7.48

Results expressed as meanst SD of lour t six rabbits.
a) p<C0.05, different from control. b) p<0.025, different from control.
c) p<<0.01, different from control. d) p<C0.001, different from control.

Table 7. Effect of dietary supplementation with soybean all or pinenut ol on plasma apolipoprotein Al(apo
Al), apolipoprotein B(apo B) and apo B/apo Al rauo

Time on diet

Group 0 40 days 80 days
Apolipoprotein Al Control 24.33% 1.08 21.86+ 4.79 2484% 9.13
(rmg/100ml) 5% Soybean oil 24.33+1.08 17.34+ 1.37 21.88+ 2.02
10% Soybean oil 24.33%+ 1.08 20.03+ 3.76 19.63+ 0.56
5% Pinenut oil 2435+ 1.08 17.90+ 2.22 21.65%= 1.16
10% Pinenut oil 24351+ 1.08 17.11+ 1.97 2306+ 2.11
Apolipoprotein B Control 8.58+2.89 2.38+ 2.05 35.11443.23
(rng/l 00ml) 5% Soybean oil 8.581 2.89 558+ 1.68 38.31+28.30
10% Soybean oil 8.58+2.89 7.89% 946 37.00% 30.00
5% Pinenut oil 8.58+ 2.89 16.15+ 10.59 13.92+ 9.80
10% Pinenut oil §.58+ 2.89 11.70+ 8.44 9.05% 5.29
Apo B/Apo Al Control 0.35%0.12 0.13+ 0.18 114+ 1.08
5% Soybean oil 0.35£0.12 0.32£ 0.07 1.70+ 0.89
10% Soybean oil 0.35+0.12 0.35t 0.34 1.90+ 154
5% Pinenut oil 0.35+0.12 0.86* 0.49 0.64t 0.45
10% Pinenut oil 035+ 0.12 0.65+ 0.41 0.38t 0.20

Results expressed as meanst SD of four o six rabbits.
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. Photomicrograph of liver tissues of rabbits fed

a commercial chow diet or an experimental diet
supplemented with soybean oil or an pinenut
ol (X 400).

1. Liver tissues of rabbits fed a commercial

chow diet.

. Liver tissues of rabbite fed 5% soybean oil.
. Liver tissues of rabbits fed 10% soybean oil.
. Liver tissues of rabbits fed 5% pinenut oil.
. Liver tissues of rabbits fed 10% pinenut oil.
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