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Exchanging partially hydrogenated fat 
for palmitic acid in the diet increases 
LDL-cholesterol and endogenous 
cholesterol synthesis in 
normocholesterolemic women
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■ Summary Partial hydrogenation
of oil results in fats containing un-
usual isomeric fatty acids charac-
terized by cis and trans configura-
tions. Hydrogenated fats containing
trans fatty acids increase plasma
total cholesterol (TC) and LDL-
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cholesterol while depressing HDL-
cholesterol levels. Identifying the
content of trans fatty acids by food
labeling is overshadowed by a re-
luctance of health authorities to la-
bel saturates and trans fatty acids
separately. Thus, it is pertinent to
compare the effects of trans to sat-
urated fatty acids using stable iso-
tope methodology to establish if
the mechanism of increase in TC
and LDL-cholesterol is due to the
increase in the rate of endogenous
synthesis of cholesterol. Ten
healthy normocholesterolemic fe-
male subjects consumed each of
two diets containing approximately
30 % of energy as fat for a four-
week period. One diet was high in
palmitic acid (10.6 % of energy)
from palm olein and the other diet
exchanged 5.6 % of energy as par-
tially hydrogenated fat for palmitic
acid. This fat blend resulted in mo-
nounsaturated fatty acids decreas-
ing by 4.9 % and polyunsaturated
fats increasing by 2.7 %. The hydro-
genated fat diet treatment provided

3.1 % of energy as elaidic acid. For
each dietary treatment, the frac-
tional synthesis rates for choles-
terol were measured using deu-
terium-labeling procedures and
blood samples were obtained for
blood lipid and lipoprotein mea-
surements. Subjects exhibited a
higher total cholesterol and LDL-
cholesterol level when consuming
the diet containing trans fatty acids
while also depressing the HDL-
cholesterol level. Consuming the
partially hydrogenated fat diet
treatment increased the fractional
synthesis rate of free cholesterol.
Consumption of hydrogenated fats
containing trans fatty acids in com-
parison to a mixture of palmitic
and oleic acids increase plasma
cholesterol levels apparently by in-
creasing endogenous synthesis of
cholesterol.

■ Key words trans fatty acids –
palmitic acid – deuterium –
cholesterol

Introduction

Partial hydrogenation of oils is widely used to produce
edible fat products having specific physical and textural
properties. This process results in conversion of the cis
bond to cis or trans configurations at a variety of posi-
tions along the fatty acid chain. Clinical [1] and epi-
demiological [2] studies have suggested that hydro-

genated fats containing trans fatty acids increase plasma
total cholesterol, LDL-cholesterol and lipoprotein Lp(a)
while depressing HDL-cholesterol levels. The metabolic
basis for these observations is unknown but these meta-
bolic effects will tend to increase risk of cardiovascular
disease [3] particularly if dietary trans fatty acids in-
crease endogenous rates of cholesterol synthesis.

The effect of different dietary regimens on choles-
terol synthesis has been studied using several tech-
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niques: assessment of cholesterol precursor levels [4, 5],
sterol balance [6, 7], deuterium incorporation [8, 9] and
mass isotopomer distribution analysis (MIDA) [10, 11].
Studies of diet fat type [12], caloric restriction [13] and
feeding frequency [14] have shown that the deuterium
incorporation method is a sensitive technique, which
correlates closely with results obtained from the sterol
balance method [15] and MIDA [16]. Unesterified cho-
lesterol synthesis increases as increased polyunsatu-
rated fat is consumed, although serum cholesterol levels
decrease [12]. The mechanism for these observations is
thought to be due to increased LDL catabolic rates when
high polyunsaturated fat diets are fed.

Recent studies [17, 18] suggest that palmitic acid is
hypercholesterolemic when the diet is low in linoleic
acid (~2 % of energy) but not when higher (~10 % of en-
ergy) levels of linoleic acid are fed. Replacing partially
hydrogenated fats high in trans fatty acids with palm
olein-based fat blends in food formulations requiring
more solid fats may avoid the cardiovascular risk asso-
ciated with consumption of trans fatty acids if the diet
contains sufficient linoleic acid to eliminate potential
hypercholesterolemic effects of palmitic acid. Thus the
present study was designed to reflect real life situations
wherein consumers are confronted by high linoleic con-
taining hydrogenated products and thus determine if
substitution of palmitic acid for hydrogenated fat con-
taining trans fatty acids at a usual level of linoleic acid
intake (6 % of energy) would mitigate the hypercholes-
terolemic effects of dietary trans fatty acids.

Methods

■ Subjects and diets

The study was supported by a grant from the Malaysian
Palm Oil Board and the National Sciences and Engi-
neering Research Council of Canada.

Subjects were recruited from employees of the
Malaysian Palm Oil Board (MPOB) and screened on the
basis of a questionnaire and medical examination. Sub-
jects were healthy, non-smokers, consumed no alcohol
and were normolipemic [total cholesterol (TC)
< 6.2 mmol/L, triglycerides (TG) < 2.0 mmol/L]. Ap-
proval for the study was obtained from the institutional
Ethical Committee and informed written consent was
obtained from all subjects.

■ Experimental design

Ten female subjects were recruited and began the study
after a three-week control period that represented the
habitual Malaysian diet normally consumed by these
volunteers, which is very low in trans fatty acids. The ha-

bitual or baseline diet, containing 29 % of energy as fat,
incorporated typical local Malaysian recipes and nutri-
ent content [19].A mixture of palm olein and coconut oil
in the approximate ratio of 90:10 typically represented
the fat blend during this habitual diet. At the end of the
control period subjects were randomly assigned to one
of two dietary test periods in which a minimum of two-
thirds of the fat energy was replaced by a test fat (Table
1). Energy requirements were determined to maintain
the subjects’ current weight [20]. Subjects were weighed
weekly to verify maintenance of body weight. Subjects
consumed each of the two diets containing 30 % of en-
ergy as fat for a 30 d period. The high saturated fat diet
was high in palmitic acid (10.6 % of energy) from palm
olein and the other diet, high trans fat, exchanged 5.6 %
of energy as trans fatty acids for palmitic acid. This par-
tially hydrogenated diet fat treatment provided 3.1 % of
energy as elaidic acid and 2.6 % as other trans isomers.
Subjects were fed either the high saturated fat or the
high trans fat diet for 30 d separated by a washout period
of four weeks. Using a 6-day rotating menu, subjects
were provided with three meals (breakfast, lunch and
high tea), which were prepared fresh each day in a cen-
tral laboratory kitchen by a trained caterer. These three
meals accounted for more than 75–80 % of the daily
caloric intake of the volunteers throughout the study. A
dietitian monitored adherence to the pre-set menus and
cooking oil allotments in the kitchen during all meal
preparations. Meals were provided from Monday to Sat-
urday of each week. To further enhance compliance the
test oils were provided to the volunteers’ families for
preparation of dinner and all meals on Sunday. The use
of the oils in their homes was recorded in a diary, which
also served as an additional measure of compliance.Vol-
unteers were randomly chosen to provide double por-
tions of the meals consumed at home, which were mixed
with the three cooked meals provided to them and ana-
lyzed in the laboratory. Subjects were also monitored to

Table 1 Demographic parameters of subjects

Subject Height Weight Weight Weight
(cm) (base) (high Sat) (high trans)

1 153.8 49.11 49.2 49.6

2 166.2 65.91 65.6 65.8

3 159.0 59.91 59.3 60.4

4 145.0 47.41 46.7 46.3

5 159.0 65.10 65.7 66.4

6 151.2 49.50 49.9 50.3

7 151.0 64.89 64.8 64.4

8 148.0 58.51 58.9 59.8

9 151.0 47.90 47.8 48.1

10 157.5 60.73 60.2 59.6

Mean ± SEM 154.2±1.9 56.86±2.41 56.8±2.3 57.1±2.3
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ensure a relatively constant food intake during the test
periods,which resulted in a stable BMI as determined by
weekly body weight records.

■ Composition of fat blends and 6-day rotating menus

The dietary design tested the response of plasma lipids
to consumption of a high saturated fat diet compared to
a high trans fat diet, which resulted in a change in three
major fatty acids. The total 18:1 (cis and trans) was the
same in both the high saturated and high trans fat diets.
In addition, the sum of trans and saturates was the same
in both diets. If linoleic acid had been equalized in both
diets the trans content would have been much higher,
over 9 % of energy, which is unrealistic in current con-
sumption patterns.

Currently, liquid oils are hydrogenated to a specific
melting point for various margarine and solid fat for-
mulations. The hydrogenated oils are then retrospec-
tively diluted with unhydrogenated oils to achieve the fi-
nal required melting characteristics that are so vital in
the formulation of spreadable (tub) margarine.The high
trans diet was formulated to reflect this real life situa-
tion. Soybean oil was hydrogenated in the MPOB’s food
technology pilot plant facility using a nickel-sulfur-poi-
soned catalyst under controlled conditions to produce
partially hydrogenated soybean oil. The partially hydro-
genated soybean oil had a melting point of 32 °C, which
was then mixed with native soybean oil so that the final
trans fatty acid content was 5.6 % of energy. The compo-
sition of the high trans fat was determined by infrared
spectroscopy and capillary gas chromatography. Of this
composition, 3.1 % was elaidic acid. The source of oil for
the high saturated fat diet (predominantly as palmitic
acid) was solely palm olein in its natural state.

■ Laboratory methods

Subjects were assigned a randomly coded three-digit
number that was used for labeling all blood and plasma
tubes to avoid introduction of bias during sample analy-
ses. On d 30 of each treatment, a fasting blood sample
(20 ml) was taken by venipuncture at 0730 h. Subjects
then consumed a priming dose of deuterium oxide (99.8
atom percent excess, C/D/N Isotopes Inc., Pointe-Claire,
Quebec, Canada) at 0.5 g D2O/kg estimated body water
(60 % of body weight). A maintenance dose of 1.0 g
D2O/kg estimated body water was provided in a 2 L bot-
tle of water to be consumed gradually over the next 24 h,
to maintain plasma deuterium enrichment at a plateau
and to compensate for unlabeled water obtained from
the diet. Exactly 24 h later (d 31), a second fasting blood
sample (20 ml) was drawn.

Plasma obtained on days 30 and 31 from each volun-

teer was analyzed enzymatically for total cholesterol,
HDL-cholesterol and triglycerides using commercial
enzymatic kits (Gilford Diagnostics, UK) and measured
with a clinical autoanalyzer (Express 550, Corning,
Corning, NY). LDL-cholesterol was measured after iso-
lation of very low-density lipoproteins according to the
Lipid Research Clinic procedures (NIH 1974). Serum
apolipoproteins A1 and B were measured using the
Sigma immuno-turbidimetric test kits (St Louis, MO,
USA).All samples from a volunteer were analyzed at the
same time. The remaining blood from d 30 and 31 was
centrifuged at 3000 rpm for 15 min at 4/C (in a Sigma
3K12 refrigerated centrifuge, B. Braun, Germany) to ob-
tain plasma. Day 30 plasma was used to determine back-
ground enrichment of plasma water, free cholesterol and
cholesteryl ester, and d 31 plasma was used to measure
deuterium enrichment at 24 h in the same fractions. For
d 31 plasma water measurements, plasma was diluted
twenty-fold with 5 % bovine serum albumin to reduce
the deuterium enrichment to within the analytical lim-
its of the mass spectrometer; d 30 plasma water samples
were used directly. Free cholesterol and cholesteryl ester
samples were prepared as described previously [21].

■ Fat analysis of diets

The energy density, total fat, fatty acids, protein, carbo-
hydrate and cholesterol content of the 6-day menus and
daily consumption of the test diets by individual volun-
teers was established by analysis as described previously
[22].

■ Measurement of endogenous cholesterol synthesis

The cholesterol fractional synthesis rate (FSR), which
represents the fraction of the rapidly turning over free
cholesterol pool synthesized per day, was measured as
described earlier [17,23,24].Deuterium enrichment was
measured in plasma water, plasma cholesterol and
plasma cholesteryl ester against hydrogen prepared
from a water standard using a Finnigan MAT251 Isotope
Ratio Mass Spectrometer (Bremen, Germany). The mass
three abundance was corrected for H3+ contribution
[25]. Each sample was analyzed in duplicate. Cholesterol
fractional synthesis rates (FSR) were determined from
the initial incorporation rate of deuterium-labeled cho-
lesterol into the rapid exchangeable cholesterol pool,rel-
ative to the initial precursor enrichment as determined
using the body water deuterium level [24]. Maximum at-
tainable enrichment was calculated as the body water
pool enrichment corrected for the fraction of protons in
de novo synthesized cholesterol that derive from water,
relative to non-water sources [24].

The deuterium-uptake method determines short-
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term cholesterol synthesis in humans by measuring the
rate of D2O uptake from the body water pool into newly
synthesized cholesterol over the 24 h test period. From
the increase in enrichment the fractional synthetic rate
(FSR)

δFCFSRFC =
(δPW X0.478)

can be determined as the proportion of the central pool
of free sterol derived from synthesis, where δFC is the
change in enrichment in the free cholesterol fraction
and δPW is the change in enrichment in the plasma wa-
ter over 24 h. The enrichment in each fraction of free
cholesterol (FC) and cholesteryl ester (CE) are deter-
mined separately and the total FSR calculated [21].

■ Statistical analysis

The two lipid and lipoprotein values obtained for each
subject on day 30 and 31 were averaged for statistical
analysis. Repeated measures ANOVA coupled to
Scheffe’s test for significance (p < 0.05) was used to ana-
lyze the data using Statistica (Tulsa, OK). Carry-over ef-
fects of previous diets were evaluated by a diet-by-pe-
riod interaction term in the analysis.

Results

The fat exchanges and their consumption during the two
dietary periods were achieved as postulated by the de-
sign of the current study. The intake of total energy, fat,
protein, carbohydrate and dietary cholesterol (Table 2)
was not significantly different between the two dietary
treatments. However, in keeping with our objectives, the
GC lipid analysis shows the percentage energy from sat-
urated fatty acids was significantly higher during the
high saturated fat diet period. Conversely, during the
high trans fat diet treatment, intake of trans fatty acids
was apparent, whereas this was not detected during the
high saturated fat treatment. In addition, the trans fatty
acid diet was characterized by a higher availability of cis
polyunsaturated linoleic acid, which resulted in a higher
polyunsaturated/saturated (P/S) fatty acid ratio (high
trans diet P/S = 0.82 ± 0.18, saturated fat diet
P/S = 0.30 ± 0.04).

The mean height and mean body weight after con-
suming the baseline, high saturated and high trans diets
were 154.2 ± 1.9 cm, 56.86 ± 2.41 kg, 56.8 ± 2.3 kg and
57.1 ± 2.3 kg respectively.Despite the changes in the type
of fatty acid consumed during the experimental periods,
all volunteers maintained a constant body weight during
the diet treatments relative to their baseline entry levels.

■ Total cholesterol

Mean level of total cholesterol for the subjects after con-
suming the baseline diet was 5.37 ± 0.35 mmol/L. After
consuming the high saturated fat diet, the mean total
cholesterol level dropped to 5.28 ± 0.24 mmol/L com-
pared to the baseline diet. Mean total cholesterol in-
creased significantly by 6.6 % (p < 0.05) when the trans
fatty acid diet was fed compared to the high saturated fat
diet (Fig. 1). Total cholesterol values for eight out of ten
subjects increased and one remained unchanged after
the high trans fat diet was consumed relative to the high
saturated fat.

■ LDL-cholesterol

The mean LDL-cholesterol in these volunteers after the
baseline diet was 3.35 ± 0.27 mmol/L. LDL-cholesterol
decreased marginally to 3.23 ± 0.17 mmol/L when the
high saturated fat diet was fed.When the trans fatty acid
diet was ingested, mean LDL-cholesterol levels signifi-

Table 2 Nutrient intake per day (% energy)*

Nutrient Baseline High saturated fat High trans fat

Total energy (kcal) 2112±496.9 2140±166.4 2070±293.0

Total fat 29.3±3.90 30.5±1.59 29.9±3.03

Protein 17.2±2.90 14.5±1.04 14.3±2.91

Carbohydrate 53.4±4.20 55.5±2.24 55.7±3.68

Cholesterol (mg) 213±22 205±19

SFA 13.20 ± 2.34 13.0 ± 1.75 8.14 ± 1.11

10:0 0.15±0.18 n. d. 0.08±0.07

12:0 1.16±1.08 0.47±0.42 0.86±0.39

14:0 0.70±0.41 0.46±0.15 0.48±0.15

16:0 9.77±1.65 10.6±1.51 4.54±0.60

18:0 1.35±0.25 1.31±0.16 2.06±0.33

MUFA 11.85 ± 1.97 12.9 ± 1.45 8.00 ± 0.94

16:1 (n-9) 0.43±0.40 0.23±0.09 0.25±0.15

18:1 (n-9) 11.42±1.79 12.7±1.45 7.75±0.92

PUFA 3.41 ± 0.63 3.80 ± 0.47 6.54 ± 1.12

18:2 (n-6) 3.20±0.58 3.54±0.46 5.80±1.11

18:3 (n-3) 0.14±0.04 0.11±0.08 0.49±0.27

22:6 (n-3) 0.08±0.12 0.14±0.16 0.25±0.17

Trans FA n. d. n. d. 5.59 ± 1.12

18:1 te n. d. n. d. 3.13±0.67

18:1 (n-11t) n. d. n. d. 0.66±0.20

18:1 (n13t) n. d. n. d. 1.14±0.40

18:2 (n-6tt) n. d. n. d. 1.60±0.10

18:2 (n-6tc) n. d. n. d. 0.25±0.06

* 18:1 te = trans elaidic acid, t = trans, tt = trans trans, tc = trans cis, n. d. = not
detectable. Nutrients analyzed from double portions of food consumed by volun-
teers (n = 10)
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cantly increased by 11.5 % over the high saturated fat
diet (p < 0.05).

■ HDL-cholesterol

HDL-cholesterol of these subjects averaged
1.44 ± 0.09 mmol/L after consuming the baseline diet,
which increased to 1.55 ± 0.08 mmol/L after the high sat-
urated fat diet was fed. Mean HDL levels fell back close
to the baseline diet when the high trans fat diet was con-
sumed. The mean HDL-cholesterol of the subjects de-
creased significantly by 7.7 % when the high trans fat
diet was fed compared to a high saturated fat diet
(p < 0.05). The HDL-cholesterol levels of all subjects de-
creased when a high trans fat diet was fed. When the
high saturated fat diet was fed the LDL/HDL ratio aver-
aged 2.12 ± 0.11 but increased significantly to 2.58 ± 0.20
when the fat source was the high trans fat diet (p < 0.01).

■ Cholesterol fractional synthetic rate

The total cholesterol synthetic rate (FSRtot) was mea-
sured to be 0.020 ± 0.005 when the high saturated fat diet
was fed and 0.026 ± 0.004 when the high trans fat diet
was consumed (Fig. 2). However, if free cholesterol and
cholesterol ester fractions were considered separately,
the FSR of the free cholesterol fraction was significantly
greater (FSR of 0.046 ± 0.006) when the high trans fat
diet was consumed compared to the high saturated fat
diet (FSR of 0.032 ± 0.006). Eight out of ten subjects in-
creased their FSRtot when a high trans fat diet was fed but

this did not attain significance compared to the high
saturated fat diet (Fig. 3).

Discussion

The current results extend previous findings that mod-
erate intake of trans fatty acids increase the LDL/HDL-
cholesterol ratio. Subjects consuming high saturated or

Fig. 1 The effect of consuming high saturated fat and high trans fat diets on
plasma lipid and lipoprotein cholesterol levels (n = 10). Values represent
means ± SEM

Fig. 2 Effect of diet treatment on mean fractional synthetic rate (FSR) for free cho-
lesterol and cholesteryl ester fractions and total cholesterol. The fractional syn-
thetic rate of free cholesterol increases significantly when a high trans fat diet is
consumed (p < 0.05)

Fig. 3 Individual subjects’ fractional synthetic rates of total cholesterol after con-
suming a diet high in saturated fat and high in trans fat. The FSR of eight out of ten
subjects increased when consuming a diet high in trans fatty acids
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high trans fat diets had similar energy intakes, which
consequently cannot explain the changes in LDL-cho-
lesterol or rates of endogenous cholesterol synthesis ob-
served [27].

Elevated total cholesterol and LDL-cholesterol levels
and low HDL-cholesterol levels are associated with in-
creased risk of cardiovascular disease. It is commonly
accepted that diets high in saturated fat raise plasma to-
tal cholesterol and LDL-cholesterol. However, recent
studies suggest that the saturated fatty acids are not uni-
formly cholesterolemic, with stearic acid being de-
scribed as neutral [28], while myristic acid has been as-
signed the highest cholesterol-raising potency [29]. It
has been found that diets high in palmitic acid are cho-
lesterol-raising unless they are accompanied by suffi-
cient levels of linoleic acid [17]. When the level of
linoleic acid was low, high levels of palmitic acid in the
diet were found to be hypercholesterolemic, but when
the level of linoleic acid was increased to 10 % the hy-
percholesterolemic effect of high amounts of palmitic
acid disappeared.

It should be noted that in the present study the level
of linoleic acid in the high trans fat diet was higher than
in the high saturated fat diet. Linoleic acid appears not
to have the same hypocholesterolemic effect when con-
sumed in conjunction with trans fatty acids as with
palmitic acid. This observation is also supported by data
from Mattan et al. [30].

Judd et al. [31] reported the relative effect of differ-
ent fatty acids on total cholesterol and LDL-cholesterol
levels to be oleic acid < moderate trans < high
trans < saturated fats. The linoleic acid content was kept
constant at 6 % of energy through all of the diet treat-
ments. In the present study, the order of the choles-
terolemic effect of high trans vs. high saturated fat was
opposite to that observed by Judd et al.; the amount of
linoleic acid was 3.5 % of total energy in the high satu-
rated fat diet and the serum mean total cholesterol was
6.6 % lower than that observed with a high trans diet
containing 5.8 % of energy of linoleic acid. Interpreta-
tion of the results is also confounded by the higher per-
centage of oleic acid in the high saturated fat diet. There
are instances where saturated fats resulted in lower cho-
lesterol levels than trans fatty acids. Sundram et al. [19]
compared the effects of exchanging cis 18:1, 16:0 or
12:0 + 14:0 for trans elaidic acid in humans. The trans-
rich diet significantly elevated total and LDL-choles-
terol levels relative to the 16:0 and 18:1-rich fat but at-
tained no significance compared to the saturated
12:0 + 14:0-rich dietary fat. However, the trans diet
uniquely lowered HDL-cholesterol and elevated Lp(a)
relative to all other dietary treatments. These effects
were apparent despite the fact that linoleic acid content
in the trans-rich diet was significantly higher than cis
18:1 and saturated 16:0-rich diets. Therefore in the pres-
ent study linoleic acid content is not responsible for the

higher cholesterolemic effect of trans fat compared to
saturated fat.

Trans fatty acids decrease HDL-cholesterol, and this
is currently viewed as a major public health concern
[32].Some saturated fatty acids, in addition to raising to-
tal and LDL-cholesterol, do not appear to affect HDL-
cholesterol levels to the same extent [33] or are even ca-
pable of raising the beneficial HDL-cholesterol level
[34]. The effect of trans fatty acids in elevating LDL-cho-
lesterol levels and depressing HDL-cholesterol can have
a large effect on the LDL/HDL ratio which is used to as-
sess risk of cardiovascular disease. Thus the resulting
LDL/HDL-cholesterol ratio is significantly lowered by
trans-rich diets [33, 34].

Cholesterol ester transfer protein (CETP) activity has
been postulated as a possible mechanism, i. e., enhanced
transfer of cholesteryl ester (CE) from HDL to LDL, to
explain the observed shifts in the LDL/HDL ratio [35]. In
individuals whose LDL-receptors are down regulated,
increased CE transfer from HDL could be expected to
diminish the HDL-CE pool and overload the LDL-CE
pool when LDL clearance is impaired. This was demon-
strated in Cebus monkeys whose LDL-receptor activity
and clearance of LDL are highly efficient. When fed an
elaidic-rich trans diet, these monkeys were found to
have elevated CETP activity and depressed HDL levels
without affecting the LDL-pool size or LDL-clearance
rate [36].

The effect of linoleic acid level in different diet treat-
ments may also affect endogenous cholesterol synthesis.
In a study using various levels of hydrogenated fat in dif-
ferent margarines Matthan et al. [30] found that as the
degree of trans fatty acids in the diet increased, the
FSRFC decreased. This is opposite to the effect that was
found in the present study. In Matthan’s study the
linoleic acid decreased gradually as the trans fatty acid
content increased, whereas in the present study trans
fatty acids were accompanied by a higher level of linoleic
acid than the high saturated fat diet. High levels of
polyunsaturated fats have been shown to increase cho-
lesterol synthesis [12] so it is difficult to attribute the ob-
served increase in cholesterol synthesis to either in-
creased linoleic or increased trans fatty acids. Linoleic
acid appears not to have the “protective” effect observed
with high palmitic acid levels [17]. Therefore, increasing
trans fatty acids in the diet promotes increased LDL-
cholesterol by increasing endogenous cholesterol syn-
thesis.

It is well accepted that trans fatty acids raise total and
LDL-cholesterol levels.Food manufacturers need to find
a healthy alternative in the production of processed food
requiring a solid fat. Saturated fat containing high
amounts of palmitic acid but not lauric or myristic acid
could fill this void. Separate identification of saturated
and trans fat content in food labeling currently appears
pertinent so that it would enable the consumer to make
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a choice between these two fat sources. This study has
shown that substitution of palmitic acid and oleic acid
for hydrogenated fat containing trans fatty acids at a

usual level of linoleic acid intake (6 % of energy) miti-
gates the hypercholesterolemic effects of dietary trans
fatty acids.
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