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Abstract
Dietary fatty acid (FA) composition may influence metabolism, possibly affecting weight management. The purpose of this study was to
compare the effects of a 5-d diet rich in PUFA v. MUFA. A total of fifteen normal-weight men participated in a randomised cross-over design
with two feeding trials (3 d lead-in diet, pre-diet visit, 5-d PUFA- or MUFA-rich diet, post-diet visit). The 5-d diets (50% fat) were rich in either
PUFA (25% of energy) or MUFA (25% of energy). At pre- and post-diet visits, subjects consumed breakfast and lunch test meals, rich in the
FA for that 5-d diet. Indirect calorimetry was used for 4 h after each meal. There were no treatment differences in fasting metabolism acutely or
after the 5-d diet. For acute meal responses before diet, RER was higher for PUFA v. MUFA (0·86 (SEM 0·01) v. 0·84 (SEM 0·01), P< 0·05), whereas
diet-induced thermogenesis (DIT) was lower for PUFA v. MUFA (18·91 (SEM 1·46) v. 21·46 (SEM 1·34) kJ, P< 0·05). After the
5-d diets, the change in RER was different for PUFA v. MUFA (−0·02 (SEM 0·01) v. 0·00 (SEM 0·01), P< 0·05). Similarly, the change in fat
oxidation was greater for PUFA v. MUFA (0·18 (SEM 0·07) v. 0·04 (SEM 0·06) g, P< 0·05). In conclusion, acutely, a MUFA-rich meal results in
lower RER and greater DIT. However, after a 5-d high-fat diet, the change in metabolic responses was greater in the PUFA diet, showing the
metabolic adaptability of a PUFA-rich diet.
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Dietary fats are implicated in the development of several
metabolic diseases including obesity, diabetes and CVD(1).
Over-consumption of energy-dense foods, which is typically
associated with a high fat (HF) content in foods, is a main
contributor to positive energy balance(2). In recent years,
research has suggested that the dietary fatty acid (FA) compo-
sition of a HF diet may act differentially on energy usage and
storage, affecting weight gain and loss(3,4).
Decreased fat oxidation has been associated with an increase

in body fat(5). Therefore, it may be important to identify foods
and diets that increase fat oxidation for weight management.
Early animal and human studies have consistently revealed
greater oxidation of unsaturated FA compared with SFA(6–8),
possibly contributing to recommendations centred around
increasing unsaturated fat consumption and limiting SFA
intake(1). Differences between rates of fat oxidation among
various unsaturated FA also exist. Early human studies using
isotope labelling techniques indicate differences in oxidation
between MUFA and PUFA(9,10). Jones et al.(9) found that MUFA
were more highly oxidised than n-6 PUFA in normal-weight
men. Delany et al.(10) found that again MUFA were more highly

oxidised than n-6 PUFA; however, n-3 PUFA were the most
highly oxidised FA compared with both MUFA and n-6 PUFA.
More recent research using indirect calorimetry to measure total
fat oxidation rates after acute meal challenges have found no
differences between these unsaturated fats(11–13).

Diet-induced thermogenesis (DIT) is important in the regula-
tion of energy balance(5), and, similar to fat oxidation, reduced
activity of thermogenesis has been associated with obesity(14,15).
Studies to date have consistently reported greater DIT after
consumption of unsaturated fats compared with saturated
fats(8,12,13,16). Only three studies to date have compared acute
meal challenges rich in MUFA v. PUFA with mixed findings(11–13).
Studies have yet to observe the longer-term effects of consuming
a diet rich in MUFA v. PUFA on DIT or energy expenditure (EE).

It is important to note that the studies mentioned thus far
have all been acute or single-meal challenge studies. This may be
limiting because postprandial oxidation rates following an acute
meal may differ based on historical dietary fat consumption and
prior body fat composition. A longer-term diet intervention that
can influence metabolic changes or adaptations may more
accurately define the differential effects of altering dietary FA

Abbreviations: CSO, cottonseed oil; DIT, diet-induced thermogenesis; EE, energy expenditure; FA, fatty acid; HF, high fat; OO, olive oil.
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composition(3). Some longer-term diet studies comparing HF
diets rich in MUFA v. SFA(17–19) and PUFA v. SFA(6,20,21) have
been conducted with significant metabolic differences. However,
research exploring the effects of longer-term HF diets rich in
PUFA v. MUFA on metabolism is lacking. In our laboratory, we
have recently shown that a diet high in PUFA resulted in greater
fat oxidation after a SFA-rich meal compared with a control diet
high in MUFA(22).
Because of the inconsistent results of previous studies and the

lack of research on longer-term ingestion of different types of
unsaturated FA-rich diets, the purpose of this study was to com-
pare the effect of a HF diet rich in MUFA v. PUFA on metabolism
in normal-weight men. The primary outcome was to determine
the effect of a 5-d diet intervention on fasting and postprandial
substrate oxidation and DIT in our PUFA-rich v. MUFA-rich diets.
On the basis of studies previously performed in our labora-
tory(13,22), we hypothesised that the HF, PUFA-rich diet would lead
to greater fasting and postprandial fat oxidation and DIT com-
pared with the HF, MUFA-rich diet. Our secondary outcome was
to evaluate the acute meal response, before the diet intervention,
of consuming a HF meal rich in MUFA v. PUFA on metabolism.
On the basis of previous findings, we hypothesised that there
would be no differences in total fat oxidation and DIT following
acute consumption of the PUFA-rich v. MUFA-rich HF meals.

Methods

Study design

This study was a single-blind, randomised cross-over design
consisting of two different feeding trials. The study protocol
included a baseline visit (RMR measured), followed by two
outpatient feeding trials, and is outlined in Fig. 1. The feeding
trials consisted of a 3-d lead-in diet, a pre-diet testing visit (visit 1),
a 5-d feeding protocol (rich in either MUFA or PUFA) and a
post-diet testing visit (visit 2). Before all visits, participants
fasted for 8–12 h and avoided any vigorous exercise for 12 h.
After the first trial, there was a 2- to 4-week washout period.
Participants then completed trial 2. The only difference between

the trials was the type of unsaturated fat provided in the HF diet
during the 5-d feeding period. The HF diets were rich in either
MUFA or PUFA. Participants were randomised to either receive
the HF, PUFA-rich diet first or the HF, MUFA-rich diet first
following their baseline visit using Research Randomizer
(www.randomizor.org). This study was single-blinded, so the
participants were not aware of which diet they were receiving
first or second.

Participants

A total of fifteen healthy, normal-weight, sedentary adult men
were recruited for the study. Inclusion criteria were men
between the ages of 18 and 45 years, performing <3h of struc-
tured exercise per week and normal-weight status based on a
BMI between 18 and 24·9 kg/m2 or body composition analysis
using dual X-ray absorptiometry (DXA™, Discovery A; Hologic
Inc.), with a body fat percentage less than 24% to qualify.
The exclusion criteria included the following: weight loss or
gain exceeding 5% of body weight in the past 3 months; regular
exercise>3h/week; plans to lose weight or begin a weight-loss
programme between initiation of the study and final testing;
anyone who was vegan or vegetarian; medication use; chronic or
metabolic disease, gastrointestinal disorder or history of medical
or surgical events that could affect digestion or swallowing; any
supplement use other than a daily multivitamin; blood or plasma
donation within 20 d before initiation of study; or tobacco use.
Subjects were recruited through flyers, campus emails and word
of mouth. This study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the Western
Institutional Review Board and written informed consent was
obtained before beginning study procedures.

Procedures

Baseline visit. Participants reported to the Human Nutrition
Laboratory after an overnight fast (no food or drink except
water for 8–12 h). Anthropometric measurements (height,

Trial 1

Baseline visit
- Anthropometrics
- Fasted resting 
energy expenditure

3-Day lead-in diet

Visit 1
- Anthropometrics
- Fasted RMR
- Meal challenge #1
- Metabolic measures (4 h)
- Meal challenge #2
- Metabolic measures (4 h)

5-Day diet (MUFA or PUFA)

Visit 2
- Anthropometrics
- Fasted RMR
- Meal challenge #1
- Metabolic measures (4 h)
- Meal challenge #2
- Metabolic measures (4 h)

2–4 Week washout Trial 2 (repeat trial 1)

3-Day lead-in diet

Visit 1
- Anthropometrics
- Fasted RMR
- Meal challenge #1
- Metabolic measures (4 h)
- Meal challenge #2
- Metabolic measures (4 h)

5-Day diet (MUFA or PUFA)

Visit 2
- Anthropometrics
- Fasted RMR
- Meal challenge #1
- Metabolic measures (4 h)
- Meal challenge #2
- Metabolic measures (4 h)

Fig. 1. Time course of study visits and measurements taken at each visit.
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weight and body composition) were taken, followed by RMR
measurement with the ParvoMedics TrueOne® 2400 Canopy
System (Parvomedics) for 30min using standardised conditions.
Briefly, subjects were asked to stay awake and motionless in a
supine position while a plastic hood was placed over their head
to measure oxygen consumption and carbon dioxide produc-
tion. Respiratory gases were used to calculate RMR using the
Weir equation(23). Participants’ estimated total daily energy
needs for the 3-d lead-in diet, 5-d diet and meal challenges at
visits 1 and 2 were based on their calculated RMR multiplied by
an average US physical activity value of 1·65(24).

Lead-in diet. For 3 d before visit 1, participants were provided
with a lead-in diet that was representative of the standard
American diet (50% carbohydrate, 35% fat and 15% protein,
Table 1). Participants were instructed to consume all foods
provided, and no additional foods or beverages besides water
were allowed. Total energy content was based on the partici-
pant’s estimated energy needs calculated from the RMR mea-
surement at the ‘Baseline visit’ section described above.

Pre-diet testing visit (visit 1). Following the 3-d lead-in diet,
participants arrived at the laboratory the next morning at
06.45 hours in a fasted state (8–12 h fast) and 12 h without
exercise. Height, weight, blood pressure, waist and hip
circumference and body fat percentage using DXA were
measured. Indirect calorimetry was used to measure RMR and
fasting substrate oxidation (RER and fat and carbohydrate
oxidation) for 30min, as described above. Following indirect
calorimetry measurement, participants ingested a HF liquid
meal rich in either MUFA or PUFA (Table 2). The nutrient
content of the meal was designed to provide 35% of the par-
ticipant’s estimated total daily energy needs (determined from
RMR at ‘Baseline visit’ section). The liquid meals contained 1%
milk, whey chocolate protein, chocolate syrup and added oil.
The oil, either olive oil (OO) or cottonseed oil (CSO), depended
on the treatment condition (OO for MUFA or CSO for PUFA).
We analysed the FA composition of each of the oils used in this
study. The OO consisted of 19·3% SFA, 67·1% MUFA and
13·6% PUFA. The CSO consisted of 22·7% SFA, 19·9% MUFA
and 57·4% PUFA. Participants consumed this liquid meal at
breakfast (08.00 hours) and another identical meal again 4 h
later for lunch (12.00 hours).

After breakfast meal ingestion, respiratory gases were once
again measured to determine EE and fuel utilisation. Measure-
ments were obtained for a total of 8 h postprandially (4 h post
breakfast and 4 h post lunch). Specifically, data were collected
for a 20-min period followed by a 10-min break. During the
20min of data collection, participants remained awake but were
instructed not to move. During the 10-min break, participants
remained seated with minimal movement. Participants were
also given 4 oz of water in each hour.

Dietary intervention. Following visit 1, participants began
the 5-d, HF feeding trial rich in either MUFA or PUFA (Table 1).
The order of the feeding trials was randomised. On days 1–5,
participants reported to the laboratory between 07.00 and
10.00 hours to receive their breakfast, which was given as a
shake. After the meal, participants were then given the rest of
their food and beverages for the day and instructed to consume
all the food provided and abstain from any other food or drink
aside from water. All food items were weighed and prepared by
research personnel. The 5-d diet consisted of 50% of total
energy from fat, 35% from carbohydrates and 15% from pro-
tein. For the HF portion, diets were prepared using either CSO
(for the PUFA treatment) or OO (for the MUFA treatment). For
the PUFA treatment, 50% of total fat content was derived from
PUFA. For the MUFA treatment, 59% of total fat content was
derived from MUFA, with differences reflecting the FA com-
position of those oils. The total energy intake was prescribed to
equal each participant’s total estimated daily energy needs
(determined from RMR at ‘Baseline visit’ section).

Post-diet testing visit (visit 2). The day after the 5th day of the
feeding period, participants reported to the laboratory under
fasted (8–12 h) and unexercised (12 h) conditions. All proce-
dures that took place during visit 1 were repeated. This inclu-
ded consumption of the same HF meals, and metabolic and
anthropometric measurements.

The duration of the lead-in diet through visit 2 represented trial 1.
The participant then underwent 2–4 weeks of washout, during
which time they returned to their normal dietary patterns. After
the washout period, the participants underwent trial 2 (including
lead-in diet, visit 1 test-day, a 5-d high PUFA or MUFA dietary
intervention and visit 2 test-day). The only difference between the
trials was the foods for each 5-d trial and corresponding HF meal
challenges during the testing visits (MUFA v. PUFA).

Table 1. Nutrient content for each high-fat (HF) diet

Composition Lead-in diet PUFA-rich HF diet MUFA-rich HF diet

Percentage of total energy from
Protein 15·0 15·0 15·0
Carbohydrate 50·0 35·0 35·0
Fat 35·0 50·0 50·0

Percentage of energy from fatty acid of interest
MUFA 16·0 9·7 31·5
PUFA 7·6 26·7 6·6
n-6 PUFA 7·6 26·3 5·7
n-3 PUFA 0·0 0·4 0·9

SFA 11·4 13·4 10·4

Table 2. Nutrient content for each high-fat (HF) test meal

Composition PUFA-rich HF meal MUFA-rich HF meal

Percentage of total energy from
Protein 15·5 15·4
Carbohydrate 28·1 28·3
Fat 56·7 56·3

Percentage of energy from fatty acids
MUFA 11·5 36·7
PUFA 31·1 7·4

n-6 PUFA 30·9 6·8
n-3 PUFA 0·2 0·6

SFA 14·2 12·3

Metabolic responses to unsaturated fats 15

https://doi.org/10.1017/S0007114518001332  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518001332


Calculations

Respiratory gases were used to calculate EE using the Weir
equation(23) and macronutrient oxidation using the following
equations developed by Frayn(25): fat (g/min)= (1·67×VO2

(litres/min)) – (1·67×VCO2 (litres/min)); and carbohydrate
(g/min)= (4·56×VCO2 (litres/min)) – (3·21×VO2 (litres/min)).
VO2 and VCO2 represent O2 consumption and CO2 production,
respectively, in litres/min. RER was calculated as the ratio of
VCO2:VO2. For these calculations, the first 5min of each 20-min
segment were discarded to allow participants to enter into a
steady state. The DIT was calculated from postprandial EE
subtracted by baseline EE.
In addition, the metabolic cart was calibrated against

methanol burns throughout the duration of the study(26). The
percentage recoveries from each burn were used as correction
factors for the corresponding metabolic data for each testing
day. The average correction factors were 99·15 and 98·57% for
O2 and CO2, respectively.

Statistical analysis

To determine whether our sample size was appropriate, a within-
subject, repeated-measure ANOVA was used to assess trial
effects. With an effect size of 0·67 (determined from the mean
postprandial change between PUFA v. MUFA for RER from this
study), we would require a total sample size of 8 subjects,
assuming 80% power (β) and an α of 0·05. The number of
subjects required was determined using G*Power 3.1.9.2. SAS
version 9.4 statistical package (SAS Institute Inc.) was used for all
statistical analyses. To address our primary outcome of the effect
of the 5-d intervention diet, change from visit 1 (before diet)
to visit 2 (after diet) was calculated and a within-subjects
repeated-measures ANOVA was used to detect main effects
(time, treatment) and interaction effects. A secondary analysis
was performed to determine differences in acute meal response
at visit 1, before the intervention diet between MUFA and PUFA
using a within-subject repeated-measures ANOVA. If significance
was found, post hoc analyses were performed using Tukey’s test.
Data are presented as means with their standard errors. Statistical
significance was set at P≤ 0·05.

Results

Subjects

A total of fifteen normal-weight male participants completed
both feeding trials. Physical characteristics of the participants
are shown in Table 3. Participants were between 18 and
45 years of age and were of normal weight based on BMI
(18–24·9 kg/m2) or DXA body fat percentage (14–24%). All
participants were also free from any known metabolic or
chronic disease and were not taking any medications.

Acute metabolic responses

There were no significant differences at fasting/baseline for
the pre-diet visit (visit 1) between MUFA and PUFA for any

outcome variable (RER, fat and carbohydrate oxidation and EE)
(Table 4). When examining the time-course meal responses, as
expected, there was a significant time effect for all substrate
oxidation (RER, fat and carbohydrate oxidation) and EE data
(DIT) (P< 0·001). There were no treatment by time interactions;
however, several treatment effects were found. For RER, there
was a significant treatment effect (Fig. 2(a)), with a significantly
higher RER for the PUFA pre-diet visit compared with the
MUFA pre-diet visit (postprandial average of 0·86 (SEM 0·01) v.
0·84 (SEM 0·01), P< 0·05, Fig. 2(b)). For fat oxidation, there also
was a significant treatment effect (Fig. 3(a)), with lower fat
oxidation for the PUFA pre-diet v. MUFA pre-diet visits
(postprandial average of 1·20 (SEM 0·12) v. 1·33 (SEM 0·09) g,
P< 0·05, Fig. 3(b)). For carbohydrate oxidation, there was a
significant treatment effect (Fig. 4(a)), with higher carbohydrate
oxidation for the PUFA pre-diet v. MUFA pre-diet visit (post-
prandial average of 3·30 (SEM 0·17) v. 2·97 (SEM 0·18) g, P< 0·05,
Fig. 4(b)). For DIT, there was a significant treatment effect
(Fig. 5(a)), with lower DIT for the PUFA pre-diet visit v. MUFA
pre-diet visit (postprandial averages of 18·91 (SEM 0·46) v. 21·46
(SEM 1·34) kJ, P< 0·05, Fig. 5(b)).

Metabolic responses to 5-d high-fat diets

There were no significant differences in fasting values before
and after the diet in any outcome variable (RER, fat and car-
bohydrate oxidation and EE) (Table 4). When examining the
change in time-course meal responses, as expected, there was a
significant time effect for all substrate oxidation (RER, fat and
carbohydrate oxidation) and EE data (DIT) (P< 0·001). There
were no treatment by time interactions; however, there were
several treatment effects for substrate oxidation. For change in
RER, there was a significant treatment effect, with the decrease
in RER from pre- to post-PUFA diet being significantly different
from MUFA (postprandial average change of −0·02 (SEM 0·01) v.
0·00 (SEM 0·01), P< 0·05, Fig. 6(a)).

Similar to RER, there was a significant treatment effect for
change in total fat oxidation before and after the diet. The
increase in the change in fat oxidation was significantly different
from the change in MUFA (postprandial average change of 0·18
(SEM 0·07) v. 0·04 (SEM 0·06) g, P< 0·05, Fig. 6(b)). For change in
carbohydrate oxidation, there was also a significant treatment
effect. The decrease in carbohydrate oxidation from pre- to
post-PUFA diet intervention was significantly different from the
change in MUFA (postprandial average change of −0·38 (SEM
0·18) v. 0·00 (SEM 0·17) g, P< 0·05, Fig. 6(c)). Finally, to look at

Table 3. Participant characteristics
(Mean values and standard deviations; n 15)

Characteristics Mean SD

Age (years) 21·67 2·58
Height (cm) 177·74 6·95
Weight (kg) 77·24 13·61
BMI (kg/m2) 24·27 2·81
Body fat (%) 16·49 4·85
Waist circumference (cm) 83·61 9·16
Hip circumference (cm) 98·44 8·54
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the meal response EE, we calculated DIT and compared the
change in DIT for PUFA v. MUFA. Unlike substrate oxidation,
there were no significant treatment effects for change in DIT
(Fig. 6(d)).

Discussion

In this study, we found differences in the metabolic response to
acute HF meal challenges compared with longer-term HF diet
responses rich in PUFA or MUFA. In regard to acute meal
consumption, our results indicate that intake of a HF meal rich
in MUFA leads to greater fat oxidation and lower carbohydrate
oxidation compared with a HF meal rich in PUFA. CSO, which
was our PUFA treatment oil, is rich in n-6 FA, especially linoleic
acid. A prior stable isotope study by Jones et al.(9) also found
that a meal high in oleic acid (MUFA) resulted in higher fat

oxidation than a meal high in linoleic acid (n-6 PUFA). Further,
Delany et al.(10) also showed that with labelled isotopes a meal
high in oleic acid (MUFA) resulted in higher fat oxidation than a
meal high in linoleic acid (PUFA). More recent studies have not
detected a metabolic difference between acute PUFA- v. MUFA-
rich meals using indirect calorimetry, and this may be owing to
PUFA-rich meals having mixed contents of n-3 and n-6
PUFA(12,13). Delany et al.(10) also demonstrated that a meal high
in α-linolenic acid (n-3 PUFA) resulted in the greatest amount of
fat oxidation compared with both oleic and linoleic acid, indi-
cating that the type of PUFA may be important. Our study used
an oil that was specifically high in linoleic acid with little α-
linolenic acid, which could have affected our significant find-
ings compared with the null findings between MUFA and PUFA
of other studies that used HF meals with significant amounts of
n-3 PUFA(12,13).

Table 4. Fasting metabolic measurements*
(Mean values with their standard errors)

PUFA-rich HF diet MUFA-rich HF diet

Pre-diet Post-diet Pre-diet Post-diet

Mean SEM Mean SEM Mean SEM Mean SEM

RER 0·84 0·02 0·83 0·01 0·83 0·01 0·83 0·01
Fat oxidation (g/15min) 1·06 0·13 1·15 0·07 1·14 0·11 1·12 0·09
Carbohydrate oxidation (g/15min) 2·65 0·27 2·33 0·19 2·18 0·23 2·32 0·20
Energy expenditure (kJ/15min) 80·46 3·43 82·30 2·93 78·03 3·43 80·88 2·85

HF, high fat.
* No significant differences before and after diet or between diets.
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Fig. 2. (a) Fasting and postprandial RER for each of the diets, pre- and post-diet intervention. Subjects consumed the high-fat (HF) meal immediately after time 0 and
time 240 ( ). (b) Average postprandial RER for pre- and post-diet interventions. Values are means with their standard errors. a: , PUFA pre-diet; , PUFA
post-diet; , MUFA pre-diet; , MUFA post-diet; b: , PUFA; , MUFA. * Significantly different RER values between PUFA pre-diet and MUFA pre-diet visits
(P< 0·05).
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The mechanisms behind greater fat oxidation acutely follow-
ing a MUFA-rich, HF meal compared with a PUFA-rich, HF
meal are largely unknown. McCloy et al.(27) demonstrated
that, acutely, linoleate is preferentially esterified to plasma

phospholipids and cholesteryl esters compared with oleate and
α-linolenate, which would lead to preferential retention and
sequestration of linoleate rather than oxidation. However,
whether this decreased oxidation of linoleate is due to a greater

0.6
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Fig. 3. (a) Fasting and postprandial fat oxidation for each of the diets, pre- and post-diet intervention. Subjects consumed the high-fat (HF) meal immediately after
time 0 and time 240 ( ). (b) Average postprandial fat oxidation for pre- and post-diet interventions. Values are means with their standard errors. a: , PUFA pre-
diet; , PUFA post-diet; , MUFA pre-diet; , MUFA post-diet; b: , PUFA; , MUFA. * Significantly different fat oxidation values between PUFA pre-diet
and MUFA pre-diet visits (P< 0·05).
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Fig. 4. (a) Fasting and postprandial carbohydrate oxidation for each of the diets, pre- and post-diet intervention. Subjects consumed the high-fat (HF) meal
immediately after time 0 and time 240 ( ). (b) Average postprandial carbohydrate oxidation for pre- and post-diet interventions. Values are means with their standard
errors. a: , PUFA pre-diet; , PUFA post-diet; , MUFA pre-diet; , MUFA post-diet; b: , PUFA; , MUFA. * Significantly different carbohydrate
oxidation values between PUFA pre-diet and MUFA pre-diet visits (P< 0·05).
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Fig. 5. (a) Diet-induced thermogenesis (DIT) for each of the diets, pre- and post-diet intervention. Subjects consumed the high-fat (HF) meal immediately
after time 0 and time 240 ( ). (b) Average DIT for pre- and post-diet interventions. Values are means with their standard errors. a: , PUFA pre-diet; ,
PUFA post-diet; , MUFA pre-diet; , MUFA post-diet; b: , PUFA; , MUFA. * Significantly different DIT values between PUFA pre-diet and MUFA
pre-diet visits.
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Fig. 6. (a) Pre- to post-diet change in RER for each diet. (b) Pre- to post-diet change in fat oxidation for each diet. (c) Pre- to post-diet change in carbohydrate oxidation
for each diet. (d) Pre- to post-diet change in diet-induced thermogenesis (DIT) for each diet. Values are means with their standard errors. , PUFA; , MUFA.
* Significantly different between PUFA and MUFA diets (P< 0·05).
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preference for glycerolipid synthesis, a reduced preference for
β-oxidation or perhaps a combination thereof is not known.
Hodson et al.(28) also demonstrated preferential incorporation of
linoleate into plasma phospholipids and cholesteryl esters com-
pared with oleate following a HF meal. This again could imply
that more oleate is available for oxidation, and may explain our
results of greater fat oxidation following a single MUFA-rich HF
meal compared with a PUFA-rich HF meal.
Our findings also suggest that a more chronic or longer-term

effect on metabolism from either PUFA or MUFA consumption
is different from that of the acute meal effect. After the 5-d HF
diet period, significant changes in substrate oxidation only
occurred following the HF PUFA-rich diet, which led to sub-
strate oxidation being similar between our PUFA and MUFA
groups post-diet. This finding is important because it shows the
adaptability of the PUFA-rich, HF diet after just 5 d. Acutely,
MUFA may have more metabolically favourable outcomes with
higher fat oxidation than PUFA; however, after 5 d of either a
HF MUFA- or PUFA-rich diet, both result in favourable meta-
bolic measures (higher fat oxidation and lower carbohydrate
oxidation). This adaptability of our PUFA-rich diet may be due
to a limited capacity to sequester linoleic acid into phospholi-
pids and thus be diverted to oxidation once this pool is full,
which would be detectable with a longer-term diet(28). Acutely,
the partitioning of linoleic acid may result in preferential
incorporation of these dietary fats into phospholipids, hence
lower oxidation after a single meal(27,28). However, longer-term
consumption of a diet rich in linoleic acid, such as our PUFA
diet, is able to reveal changes and adaptations over a few days.
PUFA are also potent regulators of lipogenic gene expression,
and diets rich in linoleic acid result in down-regulation of genes
encoding enzymes of lipid synthesis(29), thus affirming our
findings of increased fat oxidation after a 5-d, PUFA-rich diet.
Finally, the CSO used to enrich the PUFA diet in this study
may contain a unique component that could be contributing
to the increase in oxidation seen after our 5-d diet. CSO
contains cyclopropenoid FA, specifically dihydrosterculic acid
(DHSA)(30). DHSA may play an important role in reducing
stearoyl-CoA desaturase-1 activity(30,31), therefore reducing
overall TAG formation and channelling free FA into β-oxida-
tion(32). This illustrates a unique component that may be present
in CSO. Taken together, the significant increase in fat oxidation
from pre- to post-PUFA-rich HF diet may have been owing to
the FA content, as well as a unique component in the CSO used
in the diet.
Other longer-term studies have investigated the metabolic

effects of PUFA v. SFA(6,20,21) and MUFA v. SFA(17–19). In addi-
tion, our laboratory previously showed that a 7-d, PUFA-rich
diet resulted in higher fat oxidation following a SFA-rich meal
compared with a control diet (containing a higher percentage of
fat from MUFA)(22). In contrast, we did not see differences
between our MUFA- and PUFA-rich diets after 5 d, leading us to
reject our hypothesis that a PUFA-rich HF diet would lead to
greater fat oxidation than a MUFA-rich HF diet. This could be
owing to the relatively HF content of our diets, which could
mask the FA effect that was detectable in our previous study,
with a lower percentage of energy in the diet being fat(22). Our
previous PUFA-rich, 7-d diet intervention also had a higher

percentage of PUFA coming from n-3 fats, which may have also
contributed to differences between the two study outcomes(22).

Our acute results for DIT showed that a HF, MUFA-rich meal
resulted in greater DIT compared with a HF, PUFA-rich meal. In
agreement with these results, Jones et al.(11) found that a HF
meal enriched in MUFA induced greater DIT compared with a
HF meal enriched in PUFA. However, in contrast to our find-
ings, Clevenger et al.(13) found that a HF meal rich in PUFA
increases postprandial thermogenesis compared with a MUFA-
rich meal in females. Potential metabolic differences between
males and females may contribute to the contradicting results of
the current study. Other previous studies have not detected
differences in DIT between MUFA and PUFA(12,33). It is also
important to note that while the change in DIT was not different
between MUFA and PUFA for the 5-d diet period, DIT was
similar between PUFA and MUFA after the 5-d diet intervention
period.

Limitations of the current study include self-reported meal
compliance during the study, which could affect the outcomes
measured. Our participants were free-living, making it possible
for them to consume other foods and beverages throughout the
day. However, participants came into the laboratory every
morning to consume breakfast and were reminded each day to
only eat and drink the food that was provided to them. Another
limitation of the study is that we used oils high in either PUFA or
MUFA to enrich each diet type, and such oils may contain other
beneficial nutrients or components in them that could be attri-
butable to the metabolic differences. For example, OO contains
polyphenols that may inhibit lipogenesis, therefore possibly
contributing to its effect in greater fat oxidation(34). However,
because the study design was matched except for differences in
oils used, we can narrow differences down to the specific food
source (CSO or OO). Future studies are needed to determine
whether these differences are specific to the FA in the oils used,
owing to other nutrients within the oils, or a combination of a
synergistic effect of the nutrients and types of FA in the oil as a
whole. Another limitation is that the percentage of fat from our
FA of interest (MUFA for OO, PUFA for CSO) differed because
of the composition of the oils (67·1% MUFA in OO, 57·3%
PUFA in CSO). However, one of the strengths of the current
study is that we used a whole foods approach, mimicking real-
life eating patterns. As we do not eat FA, matching the per-
centage of total energy from a specific FA group is not always
feasible. Our study also contained diets that were above the
upper limits of dietary recommendations for total fat and PUFA
content, which was by design to establish proof of principle.
This may, however, limit clinical application of the diets used,
and future studies are needed to explore the metabolic
responses to lower fat diets. Last, the study sample included
apparently healthy men with normal body fat percentages, and
thus these results may not be extrapolated to other populations.

In conclusion, the present findings indicate that an acute HF
meal rich in MUFA from OO results in greater acute total fat
oxidation and lower total carbohydrate oxidation and RER
compared with a HF meal rich in PUFA from CSO. However,
consumption of a 5-d HF diet rich in PUFA leads to increases in
total fat oxidation and decreases in total carbohydrate oxidation
and RER, making substrate oxidation after 5-d HF diets rich in
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these different fats equal. Because greater fat oxidation has
been associated with lower body fat mass, rates of fat oxidation
can have implications for weight management. Our results
indicate that after a 5-d period both sources of unsaturated FA
may have a similar metabolic impact on weight management as
fat oxidation rates were similar between the diets. Finally, DIT
followed the same trend as seen with substrate oxidation, being
higher after the acute MUFA-rich meal compared with PUFA.
Although the change over the 5-d HF diet intervention was not
significantly different between treatments, DIT was similar
between the treatments after adaptation occurred with the
PUFA-rich diet. Future studies are needed to investigate the
mechanisms behind differences seen acutely between PUFA
and MUFA, and whether further differences would be seen with
chronic consumption of these two diets.
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