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Fat high in stearic acid favorably affects blood lipids and
factor VII coagulant activity in comparison with fats high in
palmitic acid or high in myristic and lauric acids13

Tine Thoistrup, Peter Marckmann, Jtirgen Jespersen, and Brittmarie SandstrOm

ABSTRACt’ The effect of fats high in individual, prevalent

saturated dietary fatty acids on lipoproteins and hemostatic van-

ables in young healthy subjects was evaluated in a randomized

strictly controlled metabolic feeding study. Three experimental

diets: shea butter (5; 42% steamic acid), palm oil (P; 43% palmitic

acid), and palm-kernel oil with high-oleic sunflower oil (ML;

10% mymistic acid, 30% launic acid) were served to 15 men for

3 wk each, separated by washout periods. Diet S compared with

diet P resulted in significant reduction in plasma cholesterol

(22%) LDL cholesterol (26%), apolipoprotein B (18%), HDL

cholesterol (12%), apolipoprotein A-I (13%), and a 13% lower

factor VII coagulant activity (P = 0.001). Similar differences

were observed between diets S and ML. In conclusion, intake of

shea butter high in steanic acid favorably affects blood lipids and

factor VII coagulant activity in young men, compared with fats

high in saturated fatty acids with 12-16 carbons. Am J Clin
Nutr 1994;59:371 -7.
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Introduction

It is well established that diets high in saturated fatty acids

(SFAs) raise total plasma cholesterol (1, 2). To decrease the

risk of coronary heart disease (CHD) several official nutritional

recommendations therefore include reduction of the intake of

SFAs. However, all SFAs may not be equally cholestenolemic.

For example, steanic acid (18:0), which contributes substan-

tially to the intake of SFAs in most industrialized countries,

seems not to affect total cholesterol (2-5). Other prevalent

SFAs in foods-laumic acid (12:0), mynistic acid (14:0), and

palmitic acid (16:0)-are cholesterolemic (1, 2, 5, 6). However,

there is some controversy about the relative effects of these

SFAs on serum cholesterol. An example of these disagreements

is provided by two different findings by Hegsted et al (2). They

first concluded from diet interventions using natural fats that

palmitic acid was less cholestemolemic than mymistic acid. How-

ever, a later experiment by the same group using semisynthetic

fats showed that mymistic and palmitic acids had the same cho-

lestemol-raising effect (7). A recent study comparing the effect

of launic acid (in a synthesized test fat) and palmitic acid (in a

natural test fat) showed that laumic acid did raise serum choles-

terol and LDL cholesterol, but less than palmitic acid did (6).

This contrasts with the findings of Hegsted et al, who concluded

that no specific cholesterol-raising effect could be detected from

launic acid (2).

Previous human experiments on the influence of diet on throm-

bogenesis-a process intimately related to clinical manifesta-

tions of ischemic heart disease (8)-have primarily focused on

the effect of total dietary-fat content or the ratio of polyunsatu-

rated fatty acids (PUFAs) to SFAs (P-S ratio) in diets on fasting

concentrations of blood coagulation factor VII and fibninolytic

variables (9- 12). The main impression from these studies is that

the markers of thrombogenicity are not affected by changes in

total fat content or P-S ratio per se.

In contrast, early in vitro studies indicated effects of individual

fatty acids on thrombogenesis (13- 15). Thus, Connor (14) me-

ported that steanic acid shortened thrombus-formation time con-

siderably, compared with the virtually neutrally acting unsatu-

rated fatty acids. In that model palmitic, mymistic, and launic acids

were also prothrombotic, but the thmombogenicity decreased

gradually with decreasing chain length.

Most earlier investigations ofthe biological effect of individual

SFAs were restricted to measurement of total cholesterol, pni-

marily included elderly, hospitalized volunteers, and used liquid-

formula test diets (2-4, 7). We therefore found it relevant to

study the effect of the most prevalent SFAs on serum lipid frac-

tions in young and healthy individuals, and to do this in a strictly

controlled trial with experimental diets composed of natural

foods. Furthermore, we wanted to explore the in vitro findings

on thrombogenesis in an in vivo human experiment.

Consequently, a dietary study was designed in which effects

of natural fats high in steanic, palmitic, and mymistic and launic

acids on lipoproteins, blood coagulation factor VII, and fibnino-

lytic variables were compared.
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Subjects and methods

Fifteen young men, all students, were recruited for the study.

Their ages ranged from 22 to 30 y (1 = 24.9 y), body weights

from 67.2 to 87.4 kg (i 74.8 kg), and body mass index (in kg!
m2) from 20.4 to 26.4 (1 23.2). The subjects had no history of

atherosclerotic disease and all were apparently healthy as mdi-

cated by a medical questionnaire. None had hyperglucosemia on

hypertension and none were taking any medication. Five men

were moderate smokers (maximum 10 cigarettes!d) and contin-

ued smoking during the investigation. Most subjects had a mod-

crate physical activity level (training maximum 1-2 h, twice a

week and/or cycling to work daily). They continued with the

same physical activity throughout the trial. Women were not in-

cluded in the study because of a possible fluctuation in blood

lipids during the menstrual cycle.

Before the diet study, the participants’ habitual diet was as-

sessed by a 7-d weighed food record. The food records were

coded and the energy intake and composition of the diet were

calculated by using a computer database (Dan Kost, National

Food Agency, Denmark). Habitual energy intake ranged from 13

to 18 MJ (1; 14.4 MJ) with 28-42% of energy from fat (1 35%

of energy), P-S ratio 0.2-0.9 (1 0.4), intake of cholesterol 14.3-

55.3 mg/MJ (1; 32.0 mg/MJ), and dietary fiber 1.0-3.3 g/MJ (1

2.0 g/MJ).

Diets

Three different diets were served in random order for 3 wk

each. The three intervention periods were separated by wash-out

periods of habitual diet that lasted 1 -2 mo.

Natural fats and blends of natural fats were used to achieve

differences in fatty acid composition. The fats were provided by

Aarhus Olie (Aarhus, Denmark). Shea butter (the kernel fat of

the ‘ ‘shea butter tree, ‘ ‘ Butyno-spermum parkii, Sapotaceae), a

fat commonly used for cooking and frying in Nigeria, was used

for diet S (high in steanic acid). Shea butter is commercially im-

portant because it has physical properties very similar to those

of the more expensive cocoa butter. The shea butter used in this

study was a refined product, rinsed with acetone to remove the

acetone-soluble nonsaponifiables. The content of unsaponifiables

in the shea butter was 6.9%. The composition of the unsaponi-

fiables of shea butter was not analyzed except for the kanitene

content, which was 0.74%. Palmotex, palm oil, a commercial oil

by Aarhus Olie was used for diet P (high in palmitic acid). Diet

ML (high in mynistic and launic acids) contained fat that was a

mixture of palm-kernel oil and high-oleic-sunflower oil. The

mixture was especially made for this study. The fatty acid com-

position of each test fat was determined by liquid-gas chroma-

tography (Table 1). The positional distribution of the fatty acids

in the triglycerides of the shea butter was determined by HPLC

(analyzed by Aamhus Oliefabnik, Denmark), and as expected ste-

anic acid was exclusively in the alpha position.

Ninety percent of the total fat in the experimental diets was

derived from the test fat and 10% was from the other food items,

which were constant and identical in the three diets. The mac-

ronutnient content of the experimental diets (calculated values)

was as follows: total fat contributed 40% of energy, of which

36% was derived from the test fat and 4% from other ingredients;

of the 4% of energy derived from things other than test fats, SFAs

accounted for 2%, monounsaturated fatty acids (MUFAs) for 1%,

and PUFAs for 1%; protein accounted for 10%; and carbohydrate

TABLE 1
Fatty acid composition of test fats

Test fat

Palm-kernel oil
Shea Palm-kernel + high-oleic-

Fatty acid butter oil sunflower oil

% of tota/ dietary fats

�10:0 - - 5.2
Launic acid 12:0 0.1 0.8 29.8

Mynistic acid 14:0 0.1 1.2 10.4

Palmitic acid 16:0 3.9 43.3 6.8

Steanic acid 18:0 42.1 4.7 3.1

Oleic acid 18:1 45.0 38.3 39.9

Linoleic acid 18:2 6.4 10.4 4.8

Linolenic acid 18:3 0.2 0.3 <0.05
�20:0 0.2 0.7 1.0

accounted for 50% of energy, of which 18% derived from disac-

chanides (9% of carbohydrate was sucrose). Data on analyzed

and calculated nutrient content of the experimental diet is given

in Table 2.
The diets in the study consisted of natural and common food

items prepared and cooked in customary ways, but using the three

different test fats. The test fats were mainly included in bread,

rolls, and cakes, or dinner dishes consisting of cooked vegetables

and lean meat with pasta, rice, or mashed potatoes; they were

also incorporated in sausages and fish pates. The following is a

sample of the test menu: breakfast-rolls, marmalade, orange

juice, fresh fruit, tea, or coffee; lunch-a cold meal consisting

of a thin slice of lean roast beef or fish pate, salad, salad dressing

without fat, sliced sausage, bread, and cake; dinner-a ready-to-

heat dish of chicken, turkey, or veal with vegetables and mashed

potatoes, and pasta or mice. Snacks between meals and after meals

were fruit juice, fresh fruit, cakes, and candies. The remaining

components were fat-free salad dressings.

To avoid dispersion of the mixture of palm-kernel oil and high-

oleic-sunflower oil in diet ML, the test fat was heated just to

melting point and stirred continuously during cooking.

The energy intake was individualized according to the food

records of the subjects. To avoid bias from underreporting, the

energy intake from the records were compared with estimated

energy requirements for basal metabolic rate (BMR) according

to body weight, sex, age, and level of physical activity of the

subjects (16). When there was disagreement, the highest energy

values were chosen for the experimental diet.

Duplicate portions of each diet were collected during 1 wk in

each period of the study. The portions were pooled per diet and

analyzed by the laboratories of the National Food Agency of

Denmark. Energy content and nutrition composition of the diets

were in good agreement with calculated values.

All food was prepared and weighed in individual servings in

the experimental kitchen of the human nutrition department of

The Royal Veterinary and Agricultural University. On weekdays

lunch was served at the department. All other food was provided

daily as a package with guidelines for its preparation. Meals for

the weekend were provided on Fridays. Body weight without

heavy clothing was recorded three times a week. Energy intake

was adjusted so that each subject maintained his body weight
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TABLE 2
Analyzed nutrient content and fatty acid composition of the experimental diet and calculated nutrition content of the experimental diet per Mi5

Diett

ML P 5

Analyzed5 Calculated Analyzed CalculatedAnalyzed Calculated

Protein
(g) 6.5 6.1 6.3 6.1 6.5 6.1

(% ofenergy) 1.1 1.0 1.1 1.0 1.1 1.0

Carbohydrate
(g) 28.2 28.1 27.9 28.1 28.1 28.1

(% of energy) 4.8 5.0 4.8 5.0 4.8 5.0

Total fat
(g) 10.8 10.8 11.0 10.8 10.7 10.8
(% of energy) 4.1 4.0 4.2 4.0 4.0 4.0

Fatty acids (g)

Saturated fatty acids 5.31 - 4.75 - 4.20 -

12:0 (launic) 2.83 - 0.02 -

14:0 (myristic) 0.93 - 0.10 - 0.002 -

16:0 (palmitic) 0.76 - 4.13 - 0.46 -

18:0 (stearic) 0.30 - 0.47 - 3.64 -

Monounsaturated fatty acids 3.78 - 3.74 - 4.19 -

18:1 (oleic) 3.73 - 3.61 - 4.17 -

Polyunsaturated fatty acids 0.60 - 1.12 - 0.71 -

18:2 (linoleic) 0.58 - 1.05 - 0.67 -

18:3 (linolenic) 0.012 - 0.08 - 0.03 -

Cholesterol (mg) 15.0 13.4 14.7 13.4 15.0 13.4
Fiber (g) - 2.0 - 2.0 2.0

S Analyzed values are means of two duplicate portions. ML, diet high in myristic acids; P, diet high in palmitic acid; S, diet high in steanic acid.

throughout the study. If there was weight loss or hunger, the

subjects were allowed to cat muffins with the same fat and energy

composition as the rest of the diet. No extra foods and drinks,

including alcohol, were allowed during the test periods, but cof-

fee and tea in the same amounts as during habitual diet were

permitted as was mineral water in small quantities. During the

study, the subjects could live normally with habitual physical

activities, which should have been identical in the three periods.

The subjects kept daily records of their physical activity, noting

how many minutes were spent on exercise. They reported any

sign of illness, medication used, coffee, tea, and mineral water

intake, and deviation from the diet. The subjects were highly

motivated during the study.

Blood analysis

Morning blood samples were taken once before the study and

on days 14, 19, and 21 of each dietary period. The students had

fasted for � 12 h overnight and had rested supine for 10 mm;

they had not done heavy physical activity or taken alcohol for

� 24 h. Blood for lipid and lipoprotein analysis was collected in

tubes containing EDTA and for hemostatic variables in citmated

tubes; blood for lipoprotein analysis was frozen and stored at -80

#{176}C;blood for lipid analysis was immediately placed on ice and

centrifuged at 3000 x g for 15 mm at 4 #{176}Cbefore storage at -20

OC. Plasma total cholesterol and triglyceride concentrations were

assessed by enzymatic procedures (Boehmingcr Mannheim,

Mannheim, Germany) on a Cobas Mima analyzer (Roche, Basel,

Switzerland). All samples from each subject were analyzed

within a single run. Total high-density lipoproteins (HDL) and

HDL� cholesterol were measured enzymatically after precipita-

tion with polyethylene glycol (Quantolip, Immuno AG, Vienna)

(17). HDL� was calculated by subtracting HDL� cholesterol from

the total HDL cholesterol. The very-low-density-lipoprotein fmac-

tion (VLDL) was separated by ultmacentnifugal flotation of fresh

plasma (125 000 x g, for 16 h at 4 #{176}C)at density 1006 g/L in a

Beckman 50 T:L rotor (Beckman Instruments, AL). LDL cho-

lestemol was calculated from the difference. Precision was deter-

mined by analysis of internal plasma pool, which gave run-to-

nun CVs: triglycerides 1.2%, total cholesterol 1.0%, HDL 1.8%,

and HDL� 2.8%. Accuracy was checked by using a control serum

of known value (Quantolip control serum). The concentrations

of plasma apolipoproteins (apo)B and A-I were determined by

immunoturbidemetry in a Monarch apparatus (Instrumentation

Laboratories, Lexington, MA) by using monospecific polyclonal

antibodies against apo B and A-I (kits from Orion Diagnostica,

Espoo, Finland).

Blood for analysis of factor VII coagulant activity (F VIIc) and

for fibninolysis assays was collected on the last sampling occa-

sion of each experimental period, and plasma was separated and

stored as previously described (12). Percent plasma F VIIc was

assessed in a one-stage clotting assay as described by Thomson

(18). After incubation of 100 j�L diluted test plasma (1:10 in Tnis

buffer) and 100 pL human F Vil-deficient plasma (Biopool,

UmeA, Sweden) at 37 #{176}Cfor 3 mm, the clotting process was

initiated by addition of 200 �zL of a 1: 1 mixture of a 25 mmol/L

calcium chloride solution and human thmomboplastin. The clot-

ting time was recorded on a coagulometem (Schnittger-Gross,

Amelung, Germany), and F VIIc expressed relative to an internal
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standard. In an earlier study of young healthy subjects we found

an average F VIIc of 95% (range: 43-140%) and a CV of 22%

(19). Plasma euglobulin fibninolytic activity and tissue-plasmin-

ogen activator (t-PA) activity (lU/L) were determined on fibnin

plates. t-PA antigen and plasminogen activator inhibitor type 1

(PAl- 1) antigen concentrations (.zgfL) were assessed by com-

mencial enzyme-linked immunosorbent assays, and plasminogen

activator inhibitor (PAl) activity (kIUIL) was estimated by a

chromogenic microtiter assay as described (12).

Ethics

The protocol and the aim of the study were fully explained to

the subjects, who gave their written consent. The research pro-

tocol was approved by the Scientific Ethics Committee of the

municipalities of Copenhagen and Frederiksberg.

Statistical analysis

Because there were no significant differences in blood lipids

and lipoproteins between the three samplings (days 14, 19, and

21) of each experimental period, a mean value was calculated

and used in the statistical analysis. To compare the three diets, a

two-way analysis of variance with a level for each diet and level

for each person was carried out. When the analysis indicated that

the levels for diets were different, a paired t test was used to

compare the individual diets. Because so many associations were

being tested, significance was accepted in this stage of the anal-

ysis only when the probability of occurrence by chance was 1%

or less. The effect of the experimental diet on measured hemo-

static variables was compared by Wilcoxon’s matched-pairs

signed-rank test.

Results

The body weights of the subjects did not differ on the three

experimental diets; 75.3 g ± 1.4 kg on the ML diet, 75.1 ± 1.4

kg on the P diet, and 75.0 ± 1.3 kg on the S diet.

Table 3 shows the mean plasma concentrations of cholesterol,

triglycerides, LDL cholesterol, HDL cholesterol, HDL_ , HDL3

cholesterol, VLDL cholesterol, and the ratio of LDL to HDL

ML P S

FIG 1. Plasma concentrations of LDL cholesterol in 15 subjects during

three diets. ML is a diet high in mynistic and launic acids, P is a diet high

in palmitic acid, and S is a diet high in stearic acid. For details of fatty

acid composition, see Table 1 . Each point represents the mean of three

determinations at the end of the 3-wk diet intervention. To convert values

for LDL cholesterol to milligrams per deciliter, multiply by 88.54.

cholesterol according to diet. The individual values for LDL cho-

lesterol are shown in Figure 1. Table 4 shows the mean plasma

concentrations of apo A-I and B according to diet.

Diet S compared with diet P resulted in 22% (0.9 mmollL)

lower plasma total cholesterol (P < 0.001); 26% (0.78 mmol/L)

lower LDL cholesterol (P < 0.001); 12% (0.13 mmollL) lower

TABLE 3
Effects of dietary change on plasma lipid and lipoprotein concentrations5

Diet

Habitual ML P S

mmo//L

Total cholesterol 4.00 ± 0.12k 4.42 ± 0.l8�’ 4.08 ± 0.1Y 3.18 ± 0.13c

LDL 2.87 ± 0.12k 3.07 ± 0.17b 2.96 ± � 2.18 ± 0.12c

HDL 0.97 ± 0.04� 1.19 ± 0.06�’ 0.99 ± o.o5� 0.86 ± 0.04c

HDL 0.18 ± 0.ola 0.22 ± 0.02b 0.17 ± 0.OP 0.13 ± 0.01�
HDL, 0.79 ± 0.04� 0.97 ± 005b 0.82 ± 0.04� 0.73 ± 0.04c

VLDL 0.16 ± 0.03 0.16 ± 0.03 0.13 ± 0.01 0.15 ± 0.02

Total triglycerides 0.79 ± 0.08 0.74 ± 0.08 0.73 ± 0.05 0.70 ± 0.05

LDL-HDL cholesterol ratio 3.08 ± 0.21 a 2.69 ± 0.23k’ 3.09 ± 0.22a 2.63 ± 0.20k’

S f � SEM. To convert values for total, LDL, VLDL, HDL, HDL, and HDL3 cholesterol to milligrams per deciliter, multiply by 38.67. To convert

values for triglycerides to milligrams per deciliter, multiply by 88.54. a, b: values with different superscripts are significantly different, P < 0.01; c:
values with different superscripts are significantly different, P � 0.001. ML, diet high in mynistic and launic acids; P, diet high in palmitic acid; 5,

diet high in steanic acid.
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S � � SEM. ML, diet high in myristic and lauric acids; P, diet high
in palmitic acid; 5, diet high in steanic acid.

t Significantly different from other diets, P � 0.001.
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TABLE 4

Effects of dietary change on plasma apolipoproteins A-I and B5

Diet

Habitual ML P S

mg/L

Apo A-I 1184 ± 34 1328 ± 40t 1 152 ± 40 1002 ± 32t

Apo B 684 ± 33 696 ± 39 675 ± 32 556 ± 28t

HDL-cholesterol (P < 0.001); 24% (0.04 mmol/L) lower HDL

(P < 0.001); 11% (0.09 mmol/L) lower HDL� (P < 0.001); 15%

lower LDL-HDL cholesterol ratio (P = 0.002); 18% (1 19 mg/L)

lower apo B (P < 0.001); and 13% (150 mg/L) lower apo A-I

(P < 0.001).
Diet S compared with diet ML resulted in a 28% (1.24 mmol/

L) lower plasma total cholesterol (P < 0.001); 29% (0.89 mmol/

L) lower LDL cholesterol (P < 0.001); 33% (0.33 mmolfL)

lower HDL cholesterol (P < 0.001); 41% (0.09 mmol/L) lower

HDI< (P < 0.001); 25% (0.24 mmol/L) lower HDL� (P

< 0.001); 20% (141 mg/L) lower apo B (P < 0.001); and 25%

(326 mg/L) lower apo A-I (P < 0.001). No significant difference

was observed between diets S and ML in the LDL-HDL choles-

temol ratio.

Diet P compared with diet ML resulted in an 8% (0.34 mmol/

L) lower plasma total cholesterol (P < 0.001); 17% (0.20 mmol/

L) lower HDL cholesterol (P < 0.001); 23% (0.09 mmol/L)

lower HDL (P < 0.001); 15% (24 mmolfL) lower HDL� (P

< 0.001); 13% higher LDL-HDL cholesterol ratio (P < 0.002);

and 13% (176 mg/L) lower apo A-I (P < 0.001). No significant

differences were observed between diets P and ML in LDL cho-

lcsterol and apo B. No significant dietary differences were ob-

served regarding plasma concentration of triglycerides and

VLDL cholesterol.

Plasma F VIIc was significantly reduced on diet S compared

with both habitual activities and activities seen on diets P and

ML (Table 5). For 14 of the 15 individuals the lowest F VIlc

value was seen on diet S. We observed no significant differences

between diets with regard to fibninolysis (Table 5).

Discussion

Our trial included volunteers who were young and healthy, and

diets that were strictly controlled and prepared from ordinary

food and natural fats. Therefore, our results may be more easily

extrapolated to the general population than most earlier obser-

vations.

A unique finding of this study was the very uniform decline

in F VIIc that occurred in response to the consumption of the fat

high in stearic acid. It should be emphasized that there was no

difference between the three experimental diets except for fatty

acid composition, so it is not likely that other dietary components,

such as vitamin K, could explain the observed differences. This

diet did not cause any concomitant changes in the fibninolytic

system, indicating that the fat high in steanic acid diets may fa-

vomably affect the balance between blood coagulation and fibmi-

nolysis, ie induce a less thnombogenic state, compared with diets

high in palmitic, and mynistic and launic acids. The contrasting

results of in vitro experiments (14, 15) might be explained in part

by the desaturation of steamic acid to oleic acid during or soon

after its intestinal absorption (20); oleic acid, like other unsatu-

rated fatty acids, was not clot-promoting in vitro (14). In earlier

human studies, no influence on F VIIc activities of the changes

in the fatty acid composition of the diet was revealed (1, 2, 10,

1 1). However, in those studies no single saturated fatty acid was

consumed in quantities as large as in the present study, in which

steanic acid contributed � 15% of total energy intake.

The present investigation supports previous studies in elderly

hypercholesterolemic men that showed that a diet high in steanic

acid does not raise plasma cholesterol (2, 3, 5). The effect of the

high steamic acid diet on LDL cholesterol also agreed with earlier

findings (5), though it was even more pronounced in our study.

On the other hand, our observation of a lower HDL-cholesterol

concentration on the high steamic acid diet than on the high pal-

mitic acid diet conflicts with the finding of Bonanome and

Grundy (5). This difference might be due primarily to different

characteristics of the subjects in the two studies. Baseline as well

as diet LDL concentrations were lower in our subjects and it is

possible that the decreased HDL concentration reflects a lower

requirement for carrying cholesterol from the tissues to the liven.

It is also possible that nonglycenide constituents of the natural

fats used in our study, such as tocopherols and hydrocarbons,

might have influenced the results. This is an interesting point

because studies have shown a marked biological activity of non-

Effects of dietary change on variables for blood coagulation and fibrinolysis5

Diet

Habitual ML P 5

Factor VIIc (%) 110 (57-165) 114 (56-170) 107 (56-163) 93 (51-158)t
t-PA activity (lUlL) 45 (0-697) 138 (0-471) 94 (0-338) 67 (0-471)
EFA (lUlL) 471 (134-3334) 1 131 (162-2629) 1097 (1 1 1-2476) 616 (338-2728)

t-PA antigen (�g!L) 4.6 (2.6-10.0) 4.6 (2.5-9.0) 4.6 (2.9-10.1) 4.2 (2.1-9.1)
PAl-i antigen (�g/L) 8.1 (2.4-38.7) 6.7 (1.2-36.4) 4.9 (2.7-35.2) 5.7 (1.5-33.2)

PAl-activity (kIU/L) 6.3 (0-25.0) 5.4 (0-26.6) 6.8 (0.0-21.2) 6.3 (0-25.4)

5 Median (range). ML, diet high in mynistic and launic acids; P, diet high in palmitic acid; 5, diet high in steanic acid. Factor VIIc, factor VII

coagulant activity; t-PA, tissue-type plasminogen activator; EFA, euglobulin fibninolytic activity; PAl, plasminogen activator inhibitor.

t Significantly different from other diets, P = 0.001.
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glyceride components as tocotmienols in palm oil (21). Prelimi-

nary reports demonstrate that nonfatty derivatives, such as plant

sterols and squalene, may influence serum lipid concentrations.

Although there was 5.9% unsaponifiables in the shea butter, it

seemed appropriate as a steamic acid test fat. The typical com-

position of the unsaponifiables in shea butter is: 75% tnitenpene

alcohols, 18% hydrocarbons, and 5% sterols (22). The sterols

found in shea butter could be /3-sitostenol, stigmasterol, and cam-

pesterol with the first one dominating (23). The effect on serum

lipids of the many different nonglycenide components of natural

fats are poorly known and there is no knowledge of the effect on

coagulation and fibninolysis at all. To evaluate this important

matter specific studies should be designed where diets arc bal-

anced in nonglycerides constituents.

Another possibility is that the positional distribution of the

fatty acids in the triglycerides of the natural fats used in our study

(steamic acid exclusively in the alpha position) probably differed

from that of the synthetic fats used by Bonanome and Grundy

(5; one-third of the steamic acid probably in the beta position),

and this might influence the metabolism of triglycerides.

Both subfractions of HDL contributed to the observed decrease

in HDL cholesterol. The relative decline in HDLZ cholesterol was

larger than the decline in HDL� cholesterol. It is much debated

whether such a decrease in HDL, and especially in HDLI cho-

lesterol, reduces the benefits of a concomitant lowering of LDL

cholesterol. We want to emphasize that the relative lowering of

LDL cholesterol was comparable or even larger than that of

HDL� cholesterol.

It has not yet been determined why stcanic acid, contrary to

palmitic, mynistic, and launic acids, does not raise serum choles-

temol. It is generally agreed that steanic acid in the form of tniste-

arm is very poorly or usually not digested (24) and absorbed (25).

However, tnisteanin occurs only in small amounts in natural

foods. Mono- and disteanin triglycerides were almost completely

absorbed in rats (25), and steanic acid in cocoa butter has been

reported to be well absorbed in humans (26, 27). However, other

studies of rats and humans have indicated that steamic acid has

low digestibility (28, 29). These conflicting results might be me-

lated to dissimilar interpretations of the fecal content of steanic

acid, which may be elevated by intestinal hydrogenation of 18:1

and 18:2, as shown in animals (30), or by the contribution of

fatty acids from breakdown of sloughed off intestinal cells (31).

The absorption of steanic acid was not investigated in the present

trial, but because there was no tnisteanin in the shea butter and

no significant difference in the body weights of the subjects on

the three different diets, steanic acid seems to have been as well

absorbed as palmitic, mynistic, and launic acids. It is therefore

unlikely that differences in absorption can explain the effects on

cholesterol metabolism. However, partial malabsomption of ste-

amic acid cannot be totally excluded, and the absorption of fatty

acids therefore should be monitored in similar future studies.

Another explanation could be that due to a rapid conversion

to olcic acid (20), stearic acid does not suppress the rate of me-

ceptor-dependent LDL removal from the plasma, and/on does not

increase the LDL-cholcstcrol production mate in the way that pal-

mitic, myristic, and laumic acids do in animal studies (32). The

conversion of steanic acid to oleic acid would affect the saturation

of tissue phospholipids, which in turn might influence receptor-

mediated clearance of LDL, possibly by altering the fluidity of

cell membranes (20). Furthermore, oleic acid has a very fast ox-

idation rate (33), which may affect lipid metabolism in several

ways.

There is some controversy about the effect of palmitic acid,

compared with that of mymistic and laumic acids, on total choles-

terol. Hegsted et al (2) concluded that the cholesterolemic effect

of palmitic acid was much smaller than that of mynistic acid and

that there was no specific effect of lauric acid (2), whereas Keys

(3) did not distinguish between palmitic, mynistic, and launic ac-

ids. In our study, the high mynistic and lauric acid diet was more

cholestenolemic than the high palmitic acid diet, which may

partly be due to a higher content of SFM and a lower content of

PUFAs. In another study with a design quite similar to ours,

launic acid was less cholestemolemic than palmitic acid (6). Taken

together the results of that study and the present study could

indicate that mymistic acid may be the most potent cholesterol-

emic SFA, as suggested by Hegsted (2). Myristic acid, therefore,

ought to be investigated more specifically.

In conclusion, our study showed a pronounced difference in

effect between fats high in the prevalent dietary SFAs on some

important risk markers for development of CHD. The results sug-

gest a unique beneficial effect of shea butter on total cholesterol,

LDL cholesterol, and factor VIIc, which we suggest is mainly

due to its steanic acid high content. The possibility of an inter-

fering effect by the nonglycemide constituents of shea butter

should be evaluated in future studies.

Considering the superior qualities of SFAs compared with un-

saturated fatty acids with regard to chemical stability, most no-

tably resistance against oxidative changes, steamic acid may play

an important role in future foods as a suitable substitute for cho-

lesterolemic SFAs. A
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