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ARTICLE HISTORY
Received 29 March 2017
Accepted 29 October 2017

ABSTRACT
Purpose: We evaluated postprandial response of the lipid metabolism markers after the intake of a high-
saturated fat (HSM) or high-monounsaturated fat meal (HMM).
Methods: A randomized, controlled and acute intervention study included 63 women (age 26.9 § 6.1
years): 35 normal weight (NW) and 28 overweight (OW) (total body fat [TBF] 24.7 § 3.9% and 36.6 § 3.9%,
respectively). After 12 hours of fasting, each subject was given one of the two test meals standardized,
including 2 muffins and water (HSM, 42.1% of saturated fat acid, or HMM, 34.5% of monounsaturated fat
acid). Plasma fatty acid profile and concentrations of apolipoproteins A1 and B100, complement C3, and
triacylglycerols were analyzed during fasting and at 2, 3, and 5 postprandial hours.
Results: Among the markers studied, the triacylglycerol (TAG) and complement C3 were significantly
higher in the OW group, compared to NW. The increment in the C3 concentration was higher after HSM
intake, compared with HMM (iAUC D 4365.5 § 5477.4 vs. 1215.2 § 882.4; p D 0.006), with no differences
between groups. After 5 hours postprandial, plasma oleic acid values remained high compared with the
fasting value in the NW group, but not in the OW group (26.0 § 4.2 vs 23.7 § 3.9%; p < 0.001). Women
with high percentage of total plasma saturated fatty acids (SFA) at the beginning of the intervention had
higher incremental area under the curve (iAUC) for the palmitic, stearic, and total fatty acids (p < 0.005).
Those women with a high percentage of monounsaturated fatty acids (MUFA) showed lower iAUC values
for the same fatty acid profile (p < 0.005).
Conclusion: This study demonstrated the effect of the HSM on postprandial increment of C3
concentration, suggesting another mechanism for saturated fat metabolism. The postprandial response to
HSM appears to be the mediated by baseline lipid profile of the individuals, while the response to HMM
was correlated to the weight status.

Abreviations: APO, Apolipoprotein; CVD, Cardiovascular disease; HDL-C, High density lipoprotein; HMM, High-
monounsaturated fatty acid meal; HSM, High-saturated fatty acid meal; iAUC, Incremental area under the curve;
LDL-C, Low density lipoprotein; MUFA, Monounsaturated fatty acids; NW, Normal weight; OW, Overweight; TAG, Tri-
acylglycerol; TBF, Total body fat; VLDL-C, Very low density lipoprotein; UFV, Universidade Federal de Viçosa

KEYWORDS
Lipid metabolism;
complement C3; postprandial
period; obesity;
monounsaturated fatty acids
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Introduction

Healthy food habits can reduce the risk of chronic diseases
via modulation of the lipid metabolism, the inflammatory
state, and the oxidative stress (1,2), all related to the risk for
cardiovascular disease (CVD). In light of this, the fatty acid
profile of diet has been discussed in detail due to the poten-
tial role of the lipid metabolism modulation and the occur-
rence of related chronic diseases (3–5). Saturated fatty acids
(SFA) consumed in excess are associated with the develop-
ment of CVD and high lipoprotein concentrations like low-
density lipoprotein (LDL-C), although it is essential for lipid
metabolism (6–9). Monounsaturated fatty acids (MUFA),
however, reduce LDL-C concentrations, without decreasing
high-density lipoprotein (HDL-C) concentration and causing
lipid oxidation (9,10).

Postprandial studies investigate the physiological effects
caused by the intake of specific nutrients, postprandial
changes in glucose and lipid profiles, energy metabolism,
and hormonal and inflammatory markers (11,12). Postpran-
dial lipemia is linked to a series of events related to the
increase in the triacylglycerol-rich lipoproteins (TRL), chy-
lomicrons and their remnants, and very-low-density lipo-
protein (VLDL-C) (13), as well as to inflammation and
oxidative stress markers (14), after a high-fat meal, which
are risk factors for CVD (13). However, the effects of post-
prandial lipemia are still controversial, warranting further
studies to assess lipid metabolism markers (15–19). In addi-
tion, obese subjects had higher concentrations of lipid and
inflammation biomarkers (6,20–22) and their postprandial
response appears to be different according to weight status,
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although the response to different fatty acids in obese indi-
viduals is not fully understood (19,23).

Therefore, we evaluated the acute effect (postprandial) of a
high-SFA (HSM) and high-MUFA (HMM) meal on the
markers of lipid metabolism in apparently healthy normal-
weight and overweight women.

Methodology

Subject

The volunteers were recruited via local media and the Universi-
dade Federal de Viçosa (UFV) webpage. The inclusion criteria
for the selection of the participants in the study were as follows:
women between 20 and 40 years; not pregnant, breastfeeding,
or menopausal; nonalcoholic and nonsmokers; and having no
inflammatory, hormonal, heart, respiratory, kidney. or liver
disease, or gastrointestinal disease (acute or chronic) that may
alter digestion and nutrient absorption. The health status was
self-reported. In addition, they could not using any medication
that affects metabolism or body composition; must have a total
cholesterol value <240 mg/dl, triacylglycerol (TAG) <150 mg/
dl, and fasting glucose <100 mg/dl (9); no nutritional treat-
ment for weight loss and have maintained a stable weight for 3
months prior to the study; and not an athlete (according to the
International Physical Activity Questionnaire, short version
[IPAQ]). On the test day, the volunteers could not be in the
menstrual period (7 days before or 7 days after the end of the
menstruation).

All the study procedures were registered in the Brazilian
Clinical Trials Registry (ReBEC-Id: RBR-2h3wjn and RBR-
66jx7j) and approved by the Ethics Committee on Human
Research of the Universidade Federal de Viçosa (UFV) (Of.
Ref. No. 184/2011 and CAAE 542,585/2014) in line with the
Resolution CNS 466/2012, concerning research involving
humans. The volunteers signed free and informed consent in
accordance with the principles of the Helsinki Declaration.

Study design

This study was a randomized and controlled acute intervention,
conducted at the Laboratory of Energy Metabolism and Body
Composition, in the Department of Nutrition and Health,
UFV.

The selected volunteers received a specific food plan to fol-
low in the 2 days before the test day in order to standardize
their dietary and lipid intake. The food plan was adapted
according to individual daily energy requirements (24). In addi-
tion, the volunteers completed a 24-hour food recall in those
2 days to control the lipid intake.

On the test day, each subject was given previously randomly
(through the website www.random.org) one of the two test
meals standardized containing HSM or HMM, including 2
muffins (180 g) and 500 mL of water. Each muffin (90 g) for
HMM was made with 72 g of olive oil, 5 g of milk powder, 50 g
of water, 30 g of cashews, 20 g of wheat flour, 20 g of corn-
starch, 10 g of egg, 1 g of salt, and 0.6 g of baking powder. Each
muffin (90 g) for HSM was made with 72 g of bacon, 45 g of
wheat flour, 45 g of milk, 36 g of mozzarella cheese, 9 g of

natural yogurt, 7 g of butter, 4 g of sugar, 0.5 g of salt chemical,
and 0.6 g of baking powder. The ingredients were mixed and
baked at 200�C for 30 minutes. The macronutrient composi-
tion of the muffins is described in Table 1.

The anthropometric measures were assessed in 12-hour fast-
ing. The stature (m) was measured using a stadiometer (Seca
206 model, Hamburg, Germany). Body weight (kg) and body
fat (%) were obtained by tetrapolar bioimpedance (InBody
Composition Analyzer, model Y230), in accordance with the
manufacturer’s protocol. The body mass index (BMI) was cal-
culated as the ratio between body weight (kilograms) and
squared height (meters). The waist circumference was mea-
sured at the midpoint between the last rib and the iliac crest,
using a flexible and inelastic measuring tape, subdivided in
millimeters.

Intravenous blood samples were drawn from the median
antecubital vein using the vacuum system VACUETTE�,
K3EDTA. Four samples were taken at 0 (after fasting for 12
hours), 2, 3, and 5 hours, respectively, after intake of each test
meal. The samples (plasma) were clearly identified and stored
in a freezer at ¡80�C until analysis.

Determination of the lipid metabolism markers

In order to determine the plasma fatty acid profile the total lip-
ids were extracted according to the Folch method (1957),
saponified and esterified using the method of Hartmann and
Lago (1973) (25,26).The fatty acid profile was analyzed via
the gas chromatography model CG Solution (Shimadzu�),
equipped with flame ionization detection (FID). The com-
pounds were then identified and separated on a capillary col-
umn (30m £ 0.25mm). For chromatographic separation, 1 ml
sample was injected using a 10-ml syringe (Hamilton�) in a
Split system. Nitrogen gas was used as a carrier at a linear speed
of 43.2cm/s, as well as the hydrogen gas and synthetic air
formed in the flame detector.

Temperatures of the injector and detector were controlled
isothermally at 200�C and 220�C. The initial column tempera-
ture was 100�C (maintained for 5 minutes), and increased at
4�C per minute until 220�C (maintained for 20 minutes). The
carrier gas flow in the column was 1.0 mL/minute. Identifica-
tion and quantification of the fatty acids present in the samples
was done by comparing the retention times of the samples with
the standard mixture of the fatty acids (FAME mix, Supelco
TM from C 4:0 to C 24:0, Sigma-Aldrich�, EUA), and the
results were expressed as percentages.

Table 1. Macronutrient composition of meals tests offered to study participants

Meals tests

Composition HSM HMM

Energy (kcal) 1008.0 1008.0
Carbohydrate (g) (% EI) 36.7 (14.6) 44.2 (17.5)
Proteins (g) (% EI) 15.6 (6.2) 10.7 (4.3)
Total fat (g) (% EI) 88.7 (79.2) 87.6 (78.2)
Saturated fatty acids (g) (% total fat) 42.1 (47.5) 13.5 (15.4)
Monounsaturated fatty acids (g) (% total fat) 34.5 (38.9) 63.1 (72.0)
Polyunsaturated fatty acids (g) (% total fat) 6.1 (6.9) 9.5 (10.8)

Note: EI D energy intake, HSMD high-saturated fatty acid meal, HMMD high-
monounsaturated fatty acid meal.
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Serum TAG (mg/dl) and complement C3 were analyzed
employing the colorimetric and turbidimetric assay, respec-
tively, in an automatic analyzer using specific assay kits
(Labmax Pleno, Labtest, Brazil). Serum Apolipoprotein B100
was analyzed with the immunoturbidimetric test by the auto-
matic analyzer Advia 1800 (Siemens�) and commercial kits
from the same manufacturer. Serum apolipoproteins A1 and
B100 were analyzed by the nephelometric test utilizing an auto-
matic analyzer Immage (Beckamnn Coulter�) and commercial
kits from the same equipment manufacturer.

Statistical analysis

Data were expressed as the mean § SD and or median (inter-
quartile range) according to the variable normality, which was
assessed by the Shapiro–Wilk test.

The Mann–Whitney U-test or Student’s t-test was used to
assess the presence of any differences between the test meals
(HSM £ HMM) and between the groups (normal weight
[NW] £ overweight [OW]) for studied variables. A two-way
analysis of variance (ANOVA) was used to compare the post-
prandial response of the lipid metabolism markers in relation
to the test meal (HSM £ HMM) and the group (NW £ OW),
at each time, and the possible interaction between the factors.
The nonparametric variables were earlier transformed into log
10 before analysis. To identify the correlations between the
lipid metabolism markers we used the Pearson correlation test
(parametric variables) or the Spearman (nonparametric) test.

To investigate whether the postprandial response would dif-
fer according to the basal metabolic profile of the participants,
the subjects were divided into two groups based on the median
(low or high value) to the basal values of the total saturated and
monounsaturated fatty acids, as well as the basal concentrations
of the apolipoproteins (Apo) A1 and B100. The application of
median as the cutoff point has been performed (20,27), accord-
ing to the methodology of the identification of the two risk
groups in the epidemiological studies (28).

Statistical analyses were performed using SPSS Statistics 22.0
software (IBM Corp., 2013). The incremental area under the
curve (iAUC) was calculated using the trapeizodal method,
with the program Prism, version 5 (GraphPad Software, 2011).

The statistical significance level was considered as less than 5%
probability.

Results

The study included 63 adult women (22 to 37 years of age), of
whom 35 were normal weight (NW) (<30% of total body fat
[TBF]) and 28 overweight (OW) (�30% of TBF) (29). The
baseline characteristics of participants in the study, by weight
status, are shown in Table 2. Among the markers studied, TAG
and complement C3 were significantly higher in the OW group,
compared to the NW group.

As expected, the iAUC at 5hours postprandial for stearic
acid and total SFA was higher after HSM intake, while the
iAUC at 5hours postprandial for oleic acid was higher after
HMM intake. This was an expected result; however, there was
no difference in accordance with weight status. The iAUC for
the complement C3 was significantly higher after HSM intake
compared with HMM intake, with no difference between the
groups (NW and OW) (Figure 1).

In addition, the change in the postprandial oleic acid was
significant over time and there was a difference between
groups (NW and OW) (Figures 2a and 2b) and for diet
(HSM) (Figures 2c and 2d). Interestingly, the increase in
oleic acid values remained until the fifth postprandial hour
in the NW group (Figure 2a), but not in the OW group
(p < 0.001) (Figure 2b). On analyzing the response of oleic
acid after the meals over time, iAUC (Figure 2e) at 2 and
5 hours (Figure 2g) presented a significant difference in
relation to the diet (p D 0.005 and p D 0.003, respectively),
but there were no differences between the groups (NW
front of the OW) and there was no interaction between diet
and group (Figures 2e and 2f).

Furthermore, the postprandial rise of stearic acid and total
SFA were positively correlated with the increase in the comple-
ment C3 among the NW women, while the total SFA and C3
correlated positively in the OW group (Figure 3).

Finally, when we categorized the volunteers according to the
median of baseline plasma SFA, the 5-hour iAUC values for
total SFA, palmitic acid, and stearic acid after HSM consump-
tion were significantly greater in those participants with high

Table 2. Baseline characteristics of the volunteers, according to weight statusa

Normal weight (n D 35) Overweight (n D 28) p Value*

Characteristics
Age (years) 25 (22–27) 29 (23–37) 0.014
BMI (kg/m2) 21.4 (19.3–22.6) 28.2 (25.4–31.9) < 0.001
Waist circumference (cm) 69.0 (66.5–74.0) 84.0 (73.9–98.5) < 0.001

Plasma lipids
Palmitic acid (16:0) (%) 25.2 (22.5–28.8) 25.2 (22.7–27.8) 0.926
Stearic acid (18:0) (%) 7.1 (5.9–10.0) 6.9 (5.9–10.5) 0.959
Total SFA (%) 58.4 (30.4–71.5) 33.4 (31.0–68.2) 0.611
Oleic acid (18:1) (%) 18.9 § 4.1 21.2 § 5.4 0.079
Total MUFA (%) 24.7 (21.7–27.8) 27.4 (23.1–30.2) 0.115
Apolipoprotein A1 (mg/dL) 131.2 § 24.2 131.6 § 23.7 0.953
Apolipoprotein B 100 (mg/dL) 78.7 § 21.6 88.9 § 18.2 0.066
Triacylglycerol (mg/dL) 92.2 § 33.1 115.6 § 53.5 0.042
`Complement C3 (mg/dL) 118.0 (107.1–137.5) 128.0 (118.9–165.7) 0.020

aRating: Normal weight, <30.0% total body fat; overweight, � 30.0% total body fat; BMI body mass index, SFA saturated fatty acids, MUFA monounsaturated fatty acids.
�These are p values by Student’s t-test or Mann–Whitney test according to variable normality. Data expressed as mean § standard deviation or median (CI 25–75th per-
centile), respectively.
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Figure 1. Incremental area under curve relating to lipidmetabolismmarkers according to the test meals to NW and OWgroups. Apo A1 apolipoprotein A1, Apo B-100 apolipoprotein
B-100, HSM high-saturated fat meal, HMM high-monounsaturated fat meal, iAUC incremental area under the curve, MUFAmonounsaturated fatty acids, NW normal weight (<30.0%
total body fat, nD 35), OW overweight (�30.0% total body fat, nD 28), SFA saturated fatty acids. �These are p values from two-way ANOVA. (a) C16:0, palmitic acid; (b) C18:0, stearic
acid; (c) total saturated fatty acids; (d) C18:1, oleic acid; (e) total monounsaturated fatty acids; (f) apolipoprotein A1; (g) apolipoprotein B100; (h) triacylglycerol; (i) complement C3.

Figure 2. Postprandial responses of oleic acid (18:1), according to the weight status and test meal. Data represented as mean§ standard error. HSM high-saturated fat meal,
HMM high-monounsaturated fat meal, iAUC incremental area under the curve, NW normal weight (<30.0% total body fat, nD 35), OW overweight (�30.0% total body fat,
nD 28). �These are p values from Student’s t-test for each time (a, b, c, d) and two-way ANOVA (e, f, g). Postprandial response of oleic acid after meals, separated by NW (a)
and OW (b) groups, separated by HSM (c) and HMM (d) meals over time. Response of oleic acid (iAUC) after meals over time: 2 (e), 3 (f), and 5 (g) postprandial hours.
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baseline plasma SFA (Table 3). When we categorized the volun-
teers according to the median of plasma baseline MUFA, the
5-hour iAUC values for complement C3 after HMM were lower
than in those participants with high plasma MUFA (Table 3).

When we categorized the volunteers according to the median
of plasma baseline Apo A1, the 5-hour iAUC values for com-
plement C3 after HMM were lower than in those participants
with high plasma Apo A1 (Table 4).

Figure 3. Correlations between incremental area under the curve (iAUC) for complement C3 with stearic acid and total saturated fatty acids. (a) Complement C3 and stea-
ric acid in normal-weight group; (b) complement C3 and total saturated fatty acids in normal-weight group; (c) complement C3 and stearic acid in the overweight group;
(d) complement C3 and total saturated fatty acids in the overweight group. The p values are by Pearson correlation or Spearman.

Table 3. iAUC of the lipid metabolism markers after HSM and HMM, according to the median values of baseline total SFA and MUFA.

iAUC of variables
Total saturated fatty acids Total monounsaturated fatty acids

HSM <69.3 (%) �69.3 (%) p Values* <25.1 (%) �25.1 (%) p Values*

Palmitic acid (16:0) (%)a 384 (101–801) 1286 (666–1993) 0.006 1456 (909–2974) 587 (375–866) 0.003
Stearic acid (18:0) (%)a 215 (23–747) 782 (396–1508) 0.012 1071 (276–1665) 411 (35–739) 0.032
Total SFA (%)a 5224 (4184–.492) 7778 (6994–9353) 0.003 9048 (7228–9721) 5792 (4360–6899) 0.000
Oleic acid (18:1) (%) 1165 (1384) 693 (421) 0.205 1112 (1017) 736 (960) 0.316
Total MUFA (%)a 827 (328–4046) 999 (599–1957) 0.892 2141 (1126–4046) 544 (317–851) 0.000
Apolipoprotein A1 (mg/dL) 1678 (1346) 1319 (1074) 0.443 1233 (1051) 1728 (1323) 0.289
Apolipoprotein B100 (mg/dL) 1828 (1664) 1622 (1978) 0.768 1941 (1633) 1537 (1965) 0.562
Triacylglycerol (mg/dL) 7160 (7242) 5778 (3656) 0.504 6852 (5189) 6068 (6153) 0.705
Complement C3 (mg/dL)a 1650 (1028–4715) 3666 (1438–8073) 0.217 4467 (2753–7087) 1548 (760–4218) 0.058

HMM <31.2 � 31.2 p Values <26.7 �26.7 p Values

Palmitic acid (16:0) (%)a 522 (257–1.078) 257 (137–1127) 0.264 510 (247–1203) 496 (150–1012) 0.362
Stearic acid (18:0) (%)a 149 (60–261) 105 (60–246) 0.801 204 (98–359) 65 (50–200) 0.044
Total SFA (%)a 772 (363–961) 290 (138–871) 0.169 660 (164–946) 435 (192–972) 0.920
Oleic acid (18:1) (%) 1538 (986) 1202 (1055) 0.411 1607 (1010) 1133 (1002) 0.241
Total MUFA (%)a 1260 (880–2311) 1069 (201–1814) 0.311 1622 (910–2441) 1069 (145–1264) 0.064
Apolipoprotein A1 (mg/dL) 1313 (1215) 1391 (1280) 0.874 1256 (1271) 1447 (1218) 0.699
Apolipoprotein B100 (mg/dL) 1356 (1006) 1810 (2200) 0.505 1838 (2159) 1327 (1077) 0.452
Triacylglycerol (mg/dL) 4755 (4535) 3697 (2232) 0.489 4852 (4562) 3688 (2453) 0.444
Complement C3 (mg/dL)a 848 (531–1550) 870 (620–2220) 0.531 975 (620–1780) 838 (706–2078) 0.932

Note: SFA saturated fatty acids, MUFA monounsaturated fatty acids. �These are p values by Student’s t-test or Mann–Whitney test according to the normality of the varia-
bles. aNonparametric variables. Data expressed as mean § standard deviation or median (CI 25–75th percentile), respectively, the incremental area under the curve
(iAUC).
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Discussion

The first important finding from this work was the significant
increase in the complement C3 concentrations after the intake
of HSM, compared with HMM. Such an increase in the concen-
tration of this protein after a high-fat meal has been also
reported in earlier studies (30–32). However, this is the first
report in which postprandial response is differentiated by the
type of dietary fat.

Complement C3, linked with TAG synthesis and storage,
has been recognized as an independent marker of CVD. In
addition, complement C3 plays role in inflammation and the
development of nonfunctional apolipoprotein A1 particles,
which favor the development of CVD (33). Moreover, high cir-
culating C3 has been related to postprandial lipemia, fasting
insulin concentrations, and thrombotic processes (30,31,34).

Thus, the findings from this study could indicate that the
secretion of complement C3 is another pro-inflammatory
and potentially pro-atherogenic mechanism of SFA. This
study also revealed positive correlations between the com-
plement C3 concentrations and plasma stearic acid and
total SFA. The saturated fatty acids palmitic and stearic are
the most abundant in natural fats; in addition, stearic acid
has a neutral effect on cholesterol concentrations, but has
been related to the change in biochemical markers predic-
tive of the risk or the progression of cardiovascular diseases
(35–37).

In turn, the complement C3 concentrations were higher in
the OW group compared with the NW group. This result is
supported by prior studies that reported a positive correlation
between complement C3 and adiposity (34,38–40), as well as a
reduction in their values after dietary intervention for weight
loss (38,39,41,42). However, the positive relationship between
SFA and the complement C3 was independent of weight status,
which implies that this relationship may be established earlier

than body fat accumulation. On the other hand, their relation-
ship is closer to abdominal obesity (33,39,43). In this study,
only 20 of the 63 participants had abdominal obesity (waist cir-
cumference of �80cm)(21).

The second significant finding of this study was the post-
prandial change in the plasma oleic acid after HMM consump-
tion. Oleic acid values remained high after 5 hours
postprandial in the NW compared with the OW group. This
implies a protection in the normal-weight individuals com-
pared with those who were overweight. In fact, excessive body
fat accumulation may result in blood lipid imbalance that, in
turn, may result in their storage in the liver, muscle, and adi-
pose tissue itself (4,6,22).

Our third finding was that the postprandial response to the
HSM was mediated by the basal fatty acid (FA) profile of the
volunteers. Thus, those individuals with a high plasma total
SFA had greater iAUC for palmitic acid, stearic acid, and total
fatty acids, while those women with high MUFA showed less
change in the iAUC for the same fatty acids profiles, suggesting
a protection of the MUFA front of a saturated lipid load. This
finding may indicate a cumulative effect of the acute response
to a prior atherogenic lipid profile. However, in the group that
ingested the HMM there were no differences in the postpran-
dial fatty acids between the groups. In fact, the consumption of
the high MUFA content meal compared with other fat sources
has been shown to have a beneficial effect on postprandial lipid
response in healthy adults (44–47).

Interestingly, those subjects with high values of Apo B100, a
recognized atherogenic marker, showed a higher increase in
Apo B100 after HSM intake, compared with those having low
Apo B100 concentration at the start of intervention. After
HMM intake no differences were observed between the incre-
ments after the meal. Therefore, our results suggest plasma total
SFA and Apo B100 at baseline influence the postprandial
response.

Table 4. iAUC of the markers of lipid metabolism after HSM and HMM, according to the median values of baseline total apolipoproteins.

iAUC of variables
Apolipoprotein A1 Apolipoprotein B 100

HSM <127 (mg/dL) �127 (mg/dL) p Values <86.1 (mg/dL) �86.1 (mg/dL) p Values*

Palmitic acid (16:0) (%)* 602 (199–1379) 950 (533–2263) 0.231 673 (101–2218) 817 (587–1.443) 0.614
Stearic acid (18:0) (%)* 566 (346–819) 501 (46–1323) 0.899 596 (278–1.118) 536 (23–1319) 0.614
Total SFA (%)* 7242 (6.370–9587) 6464 (4987–9048) 0.496 7242 (5337–8997) 6849 (4987–9232) 0.821
Oleic acid (18:1) (%) 1065 (1306) 839 (745) 0.587 1180 (1242) 707 (726) 0.247
Total MUFA (%)* 859 (353–2403) 1126 (633–2178) 0.440 871 (483–1746) 859 (437–2788) 1.000
Apolipoprotein A1 (mg/dL) 1234 (1123) 1727 (1.272) 0.290 1264 (1121) 1701 (1284) 0.350
Apolipoprotein B100 (mg/dL) 1813 (2357) 1648 (1.205) 0.813 921 (643) 2421 (2181) 0.025
Triacylglycerol (mg/dL) 5515 (4945) 7182 (6.663) 0.465 4669 (6463) 7915 (5068) 0.149
Complement C3 (mg/dL)* 4218 (761–8073) 2241 (1438–4557) 0.474 2844 (894–7498) 2922 (1436–4636) 0.860

HMM <132 �132 p Values* <75.5 �75.5 p Values

Palmitic acid (16:0) (%)a 522 (267–1207) 237 (137–851) 0.072 339 (204–1207) 510 (208–905) 0.880
Stearic acid (18:0) (%)a 149 (75–339) 92 (37–246) 0.169 77 (51–255) 149 (77–252) 0.511
Total SFA (%)a 772 (366–1099) 290 (181–734) 0.186 330 (181–1099) 633 (263–820) 0.579
Oleic acid (18:1) (%) 1560 (981) 1179 (1051) 0.349 1691 (1191) 1049 (710) 0.108
Total MUFA (%)a 1260 (910–2441) 1177 (201–1814) 0.287 1260 (702–2599) 1177 (349–1474) 0.287
Apolipoprotein A1 (mg/dL) 1016 (983) 1687 (1382) 0.166 1300 (1153) 1403 (1335) 0.835
Apolipoprotein B100 (mg/dL) 1319 (1278) 1847 (2044) 0.437 1165 (871) 2000 (2197) 0.215
Triacylglycerol (mg/dL) 4996 (4303) 3412 (2571) 0.297 3552 (1610) 5119 (5075) 0.303
Complement C3 (mg/dL)a 1450 (750–2.295) 750 (608–870) 0.041 870 (313–2010) 848 (720–1.450) 0.865

Note: SFA saturated fatty acids, MUFA monounsaturated fatty acids. �These are p values by Student’s t-test or Mann–Whitney test according to the normality of the varia-
bles. aNonparametric variables. Data expressed as mean § standard deviation or median (CI 25–75th percentile), respectively, the incremental area under the curve
(iAUC).
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TAG concentrations showed no difference between the
groups (NW and OW) and between the diets offered (HMM
and HSM), although differences were expected. Previous stud-
ies have showed results similar to ours with respect to the TAG
concentrations, with no difference between the lipid sources
offered (15,18,48,49). In others, a relationship between meals
and the weight status is observed, which is explained by the dif-
ference between the methodologies such as postprandial time
or different SFA and MUFA sources (16,17,19).

In conclusion, the present study revealed, apparently for the first
time, the effect of HSM in the postprandial increment in comple-
ment C3 concentrations, compared with the HMM. Further, the
plasma oleic acid value remained high after 5hours from HMM
consumption in the NW compared to the OW group, suggesting a
protection marker in NW individuals. Finally, the postprandial
response after HSM intake appears to be mediated by baseline FA
profile, which suggests a cumulative effect of the acute response to
a lipid profile previously established.

This study used a standard meal as a source of lipids for all
volunteers. The use of a lipid load in place of the adequacy of
the amount of lipids offered by body weight may be considered
as a limitation of the study. However, this methodology is valid
and widely used in postprandial studies with a design and
objectives similar to ours.

Acknowledgments

We thank the volunteers who participated for the study. We also thank the
CAPES Foundation and National Council for Scientific and Technological
Development (CNPq/MCT/Brazil) for the scholarship granted to L. L.
Lopes and D. M. U. P. Rocha, and to A. Silva, respectively. This work was
supported by the Foundation for Research Support of the State of Minas
Gerais (FAPEMIG) and the CNPq. M. C. G. Peluzio, J. Bressan, and H. H.
M. Hermsdorff are CNPq Fellows.

Ethical standards

The Research Ethics Committee of the Universidade Federal de Viçosa
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