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Abstract
The intake of dietary fat above energy needs has contributed to the growing rates of obesity
worldwide. The concept of disease development occurring in the fed state now has much support
and dysregulation of substrate flux may occur due to poor handling of dietary fat in the immediate
postprandial period. The present paper will review recent observations implicating cephalic phase
events in the control of enterocyte lipid transport, the impact of varying the composition of meals
on subsequent fat metabolism, and the means by which dietary lipid carried in chylomicrons can
lead to elevated postprandial non-esterified fatty acid concentrations. This discussion is followed
by an evaluation of the data on quantitative meal fat oxidation at the whole body level and an
examination of dietary fat clearance to peripheral tissues — with particular attention paid to
skeletal muscle and liver given the role of ectopic lipid deposition in insulin resistance. Estimates
derived from data of dietary-TG clearance show good agreement with clearance to the liver
equaling 8–12% of meal fat in lean subjects and this number appears higher (10–16%) in subjects
with diabetes and fatty liver disease. Finally, we discuss new methods with which to study dietary
fatty acid partitioning in vivo. Future research is needed to include a more comprehensive
understanding of 1) the potential for differential oxidation of saturated versus unsaturated fatty
acids which might lead to meaningful energy deficit and whether this parameter varies based on
insulin sensitivity, 2) whether compartmentalization exists for diet-derived fatty acids within
tissues vs. intracellular pools, and 3) the role of reduced peripheral fatty acid clearance in the
development of fatty liver disease. Further advancements in the quantitation of dietary fat
absorption and disposal will be central to the development of therapies designed to treat diet-
induced obesity. This article is part of a Special Issue entitled Triglyceride Metabolism and
Disease.
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1. Introduction
Traditionally, cardiovascular disease risk factors have been determined and measured in the
fasting state. However in recent years there has been an increasing awareness on the
importance of fed-state events in the development and exacerbation of disease.
Epidemiological studies have demonstrated that the presence of postprandial
hypertriglyceridemia poses an independent risk for coronary atherosclerosis [1–7].
Furthermore, the efficiency with which the body manages incoming dietary lipid can
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modulate disease risk in other chronic conditions such as obesity [8], type 2 diabetes [9,10],
and non-alcoholic fatty liver disease, NAFLD [11]. Indeed, if poor metabolism of dietary
triglyceride (TG) leads to ectopic lipid deposition, postprandial events may contribute more
to disease development than currently appreciated. The goal of the present paper is to review
current knowledge on the absorption and metabolic fate of dietary-TG in humans. Beginning
with recent observations of a delay in the complete absorption of meal-TG, the paper will
describe the fates of chylomicron fatty acids, from clearance into adipose and skeletal
muscle, to the latest data on the contribution of dietary-TG to the development of NAFLD.
A better understanding of the process of dietary-TG partitioning is central to the future
development of therapies designed to improve dietary fat handling. The long history of
excellent papers published in this research area precludes mention of all significant work;
we have focused on recent studies and highlighted technical developments that are
supporting the rapidly expanding knowledge in this field.

2. Absorption of dietary fat
2.1. Intestinal metabolism and chylomicron clearance

As shown in Fig. 1A dietary fat absorbed into the enterocyte can be 1) repackaged into
chylomicron (CM) lipoprotein particles for distribution to the body tissues, 2) stored within
the enterocyte in a lipid droplet or TG storage pool, 3) partitioned into other lipids including
cholesteryl ester (CE) or phospholipid (PL), and 4) oxidized. Incorporation of dietary fatty
acids into TG or other lipids within the enterocyte may depend on chain length and structure
(saturation). For example, myristate is preferentially packaged into TG (over 95%), whereas
a portion of palmitate is incorporated into PL (18%) and CE (7%) [12]. Stearate appears
better incorporated into PL (estimated 33%) compared to palmitate, and less ends up in TG
and CE [12,13]. Polyunsaturated fatty acids (PUFA) including 18:2n6 and 18:3n3 are also
proportionally incorporated more into CE and PL compared to 16:0 and 18:1 [14,15]. Since
the majority of dietary fatty acids are processed as CM-TG, the fate of this lipid fraction will
be the focus of the remaining portion of this review.

Over the past 10 years, two striking characteristics of enterocyte-TG processing have
emerged — 1) that lipids secreted at the very onset of a meal are those that were consumed
in an earlier meal, suggesting the presence of an enterocyte storage pool for TG, and 2) a
cephalic phase release of CM tied to oral stimulation by food intake. The first phenomenon
noted is an early rise in blood-TG concentrations within minutes of the consumption of a
meal containing fat [16]. This rise in TG occurring 10–30 min after the onset of the meal is
denoted “the early peak” to delineate it from the primary postprandial peak of blood TG
which occurs 3–4 h after meal initiation. The timing of the early peak observed in the blood
occurs before the absorption of the meal fat into the enterocyte could have occurred [17] and
is more likely to occur when the previous evening meal was high in fat [17,18]. We have
recently shown via utilization of stable isotopes that 10–12% of TG consumed in the
previous evening meal appears in new CM, first occuring 15–20 min after the onset of
morning food consumption. This observation indicates that the timing of meal-TG storage in
the intra-enterocyte pool can extend to at least 16 h [18] and supports a taste for fat. The
second phenomenon is connected to the overall cephalic phase response [19–22]. The early
meal-induced rise in CMTG concentration can occur when fat is only tasted and not
consumed [23], and also when only glucose is consumed [24]. The existence of an oral taste
sensor for lipids is intriguing and has led to the generation of hypotheses on a taste–gut–
brain axis which is currently an active area of investigation [25].

Potential questions arising from these findings:
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1. Does the pre-release of CM-TG before influx of meal fat provide some
physiological benefit? Fat-sensitive hormone release may “prime” the body by
stimulating upregulation of lipolytic enzymes and fatty acid transport proteins in
preparation for the incoming lipid load.

2. Does glucose-induced release of CM-TG also occur with other sweet tastes (i.e.
fructose or artificial sweeteners)? This would have implications for individuals who
rely on artificially-sweetened foods and may already have impairments in
postprandial lipid metabolism.

2.2. The second meal effect
Plasma concentrations of TG rise progressively over the day due to repeated consumption of
fat-containing meals. Peak TG levels occur between midnight and 2 AM [26,27]. This
change in plasma-TG is a result of increases in both CM particles and TG content [28]. After
a given meal, CM-TG concentrations rise and peak after 3–4 h, whereas TG concentrations
in very low-density lipoproteins (VLDL) remain relatively constant or peak later at 4–6 h
[28–30]. However, humans rarely consume a single meal during the day. Consumption of a
subsequent meal causes a higher CM-TG concentration than that which occurs after the first
meal, even if the two meals are identical. As a result of this “second meal effect,” the CM-
TG released after this second meal can contain a significant amount of lipid from the
previous meal [29,30].

The term “second meal effect” has also been used to refer to the impact of previous
macronutrient consumption on the metabolism of meal-TG. Robertson et al. demonstrated
that carbohydrate and fat can negatively influence each other's metabolism after a meal.
Specifically, plasma glucose concentrations during an oral glucose tolerance test appeared
higher after a high-fat evening meal had been consumed the night before, compared to after
a high-carbohydrate evening meal. Similarly, plasma-TG levels during an oral fat tolerance
test were higher after a high-carbohydrate evening meal compared to a high-fat evening
meal [17]. These data suggest that the fuel source making up the bulk of the calories in the
previous meal (either consumed on the same day or even consumed the night before)
impairs metabolism of the alternate fuel source. In other words, a high-fat evening meal may
impair glucose metabolism the next day and vice versa. The negative impact of fatty acid
oxidation on glucose oxidation has been explained by Randle [31]. However, it is unclear
how recent carbohydrate intake and processing would elevate TG concentrations because
glucose-induced hyperinsulinemia would presumably stimulate LPL activity, resulting in
better TG clearance from plasma into tissues. The observation of the competition between
macronutrient oxidation not only encompasses the negative interaction between these
macronutrients, but may also extend to feed-forward mechanisms such that the body best
metabolizes the primary fuel it has recently consumed (i.e., a high-carbohydrate breakfast
will lead to better carbohydrate processing after lunch). Ruge et al. have shown that the
efficiency of clearance of meal fatty acids into adipose rises from breakfast through dinner
[32]. It is tempting to speculate that this improvement in TG clearance over the day may
result from continued insulinization of adipose tissue leading to progressive up-regulation of
enzymes for TG synthesis and storage (see discussion of lipoprotein lipase, LPL, below).
Regardless of the mechanism, these findings have clear implications for the design of
postprandial studies and underscore the importance of standardizing food consumption of
human subjects before test meals are administered.

2.3. Lipoprotein lipase and the spillover pathway of lipoprotein-TG clearance
Once absorbed and released into the blood, dietary fatty acids carried in CM deliver lipids to
the rest of the body to be metabolized. The release of fatty acids from CM-TG occurs
through the activity of LPL which is bound to the capillary endothelium of major organs in
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the body. The hormonal control and tissue localization of LPL have been the topics of
comprehensive studies in humans [33–37]. In general, LPL activity is higher in the
postprandial state compared to fasting and can be upregulated with increased physical
activity [38]. Insulin and glucose infusion upregulate LPL activity in adipose tissue [39],
whereas LPL activity at skeletal muscle can remain consistently high throughout the day
[32]. More than 20 years ago, it was evident that not all fatty acids liberated from CM by
LPL are taken up into tissues [40] but rather are released into the blood as non-esterified
fatty acids (NEFA) in a process referred to as “spillover” [41]. This process is depicted in
Fig. 1B. Factors regulating the quantity of meal fatty acids entering the circulation through
the spillover pathway have not yet been identified. Using a fat-containing, stable isotope-
labeled liquid meal, Barrows et al. measured the magnitude of spillover in healthy men
undergoing either slow duodenal infusion of the formula or a meal-feeding paradigm in
which the formula was fed as a bolus orally [42]. Surprisingly, the time course and quantity
of spillover fatty acids moving into the albumin pool over 9 h were similar between the two
feeding regimens, suggesting that the extent of spillover depends on the quantity of lipid
being fed.

Bickerton and colleagues used a multi-isotope labeling scheme to determine whether
lipolysis of CM or VLDL was more likely to generate albumin-bound fatty acids [43].
U-13C-palmitate was fed in a test meal to label CM-TG, whereas 2H2-palmitate was infused
as NEFA to label VLDL-TG. Extraction rates of fatty acids from CM and VLDL across
subcutaneous abdominal adipose tissue and forearm muscle were estimated by calculating
the arterio-venous differences. Estimates of the extraction of fatty acids derived from CM-
TG lipolysis took into account the arterio-venous differences in U-13C-palmitate in TG and
free U-13C-palmitate in plasma (i.e. non-esterified fatty acid spillover), and the calculations
were the same for muscle and adipose tissue. Since a single marker, 2H2-palmitate, was used
to trace the plasma NEFA pool as well as VLDL-TG, it was not possible to unequivocally
identify 2H2-palmitate arising in the NEFA pool from VLDL-TG spillover. The authors
assumed that in muscle, all fatty acids released from VLDL-TG by LPL would be taken up,
whereas at adipose tissue various mathematical models were developed based on different
degrees of LPL-mediated spillover to estimate uptake of VLDL-TG fatty acids released
from LPL. The authors concluded that compared to plasma NEFA, greater fractional
extraction of lipoprotein-derived fatty acids occurs at muscle and adipose tissue [43]. This
fractional extraction of lipoprotein-derived fatty acids in preference to plasma NEFA at
adipose tissue appeared greatest in the early postprandial period (87% of palmitate liberated
from CM-TG) and then fell (48% by 6 h). In the early (0–2 h), mid (2–4 h), and late (4–6 h)
postprandial periods, the authors concluded that CM-derived fatty acids are taken up by
muscle (23%, 10%, and 6%, respectively) and adipose (22%, 11%, and 12%, respectively)
tissue to a greater extent than VLDL-TG fatty acids at any of these time points. This
preferential uptake of CM as opposed to VLDL fatty acids appears strongest in the earlier
postprandial period, and then wanes in the later postprandial period [43].

In summary, many scientists still assume that NEFA concentration depends solely on
adipose output. Yet spillover of dietary fatty acids is becoming recognized as a significant
event in the postprandial period, contributing 5–35% of fatty acids to the plasma NEFA pool
after a meal. Lastly, it is unknown whether evidence of dietary fatty acid spillover is an
indicator of beneficial or detrimental events occurring in the postprandial state. Does
spillover indicate elevated insulin concentrations and exaggerated LPL activity that outpaces
tissue uptake? Does greater spillover of fatty acids mean that less is taken up by muscle and
adipose, exposing more fatty acids to other tissues such as the liver and the heart? Do
subjects who demonstrate a high level of spillover after a meal have high LPL activity and
greater clearance of fatty acids by tissues? Spillover is reduced with weight loss which may
prevent lipid deposition in other tissues such as liver and heart, but may encourage weight
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regain by improving fatty acid uptake by adipose tissue [44]. Current studies are underway
to determine the role of muscle and liver in the clearance of these fatty acids.

3. Uptake of fatty acids and tissue oxidation versus storage
3.1. How much meal fat is oxidized during the day?

Obesity-associated insulin resistance has been characterized as a condition in which fatty
acid oxidation is reduced [45] and thus, numerous studies have focused on understanding
factors that impact postprandial fatty acid oxidation (denoted pathway C in Fig. 1). Research
investigating the fate of dietary fatty acids has utilized labeling of meal lipid with both
radioactive and stably-labeled substrates; data from the latter are summarized in Table 1.
Both Jones et al. [46] and DeLany et al. [47] fed 13C-labeled fatty acids in breakfast meals
to determine the impact of fatty acid chain-length and unsaturation on postprandial oxidation
rate. In both studies following breakfast, subjects were supplied with an unlabeled lunch
which would have facilitated the absorption of the breakfast (see ‘second meal effect’
above) during the 9 h sampling period. The pattern of meal-fat oxidation was strikingly
similar between the studies showing an exponential increase of the label in breath CO2 over
the day. When 18:0 (a saturated fatty acid, SFA) was fed as a stable isotope in capsule form,
approximately 2–3% of the meal dose was recovered in breath CO2 over 9 h [46], whereas
when 18:0 was fed in a mixed meal, cumulative oxidation rates reached 10–12% within 9 h
[47]. Both of these studies compared the oxidation of 18:0 with that of 18:1 and 18:2 and
found that 10–20% of the mono unsaturated fatty acids (MUFA) and 14–22% of the PUFA
were oxidized over the 9 h time frame.

An early demonstration of the utility of measuring oxidation of dietary fatty acids was
presented by Schoeller and colleagues who fed deuterated lipid added to meals [48,49]. In
this method, urinary water is collected for measurement of deuterium instead of breath CO2
to assess oxidation [50]. Using this method, Cooper et al. found that 80–100% of dietary
18:1 was oxidized within 24 h of feeding the labeled meal, while 10–25% of dietary 16:0
was oxidized over the same time frame [51]. Similarly, greater oleate oxidation has been
observed in overweight, post-menopausal women [52]. Contradictory studies exist that show
lower whole-body fat oxidation on a MUFA-rich diet compared to a diet rich in trans-fatty
acids [53] and no difference in fat oxidation rates on MUFA- vs. SFA-rich diets [54]. Thus,
although the beneficial effects of oleate on meal fatty acid oxidation are controversial, the
data represent a promising area of research. As shown in Table 1 overall, the order of
preference for oxidation appears to be PUFA>MUFA>SFA. A secondary hierarchy may
exist between fatty acids within the same class of saturation; for example, shorter chain
saturated fatty acids may be oxidized to a greater extent than longer chain fatty acids
[47,55], but significant differences in oxidation between fatty acids of different chain
lengths are not consistent across studies [56]. However, within a high-fat diet, the fatty acid
composition of the diet seems to play less of a factor than quantity of fat [51,55]. A final
parameter that deserves mention as a focus of much research is the effect of meal
carbohydrate content on fat oxidation. One study found that oxidation of meal fat was
reduced almost 30% when carbohydrate was present in the diet compared to a high fat diet
[57]. This may be due to fatty acids being funneled away from oxidation and towards
esterification in muscle [57], and/or because in the context of high-carbohydrate feeding,
glucose is preferentially oxidized.

3.2. Dietary-TG clearance to adipose and muscle
In a series of elegant experiments using radioactive fatty acids in meals (3H-triolein), gas
exchange measurements, and adipose tissue biopsies, Jensen and colleagues have
investigated adipose depot-specific clearance of meal lipid [58–60]. In one study of lean
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individuals, over a 24-h period, 49% of the fatty acids are oxidized in agreement with some,
but not all of the whole-body oxidation studies described above. Of the remainder, ~29% of
FA cleared from CM-TG were stored in upper-body subcutaneous depots, roughly 9% were
stored in lower-body subcutaneous fat and 9% in intra-abdominal depots [58]. In overweight
but non-diabetic humans, storage of meal fat increased from 6 h to 24 h into upper (17% and
21%, respectively) and lower (13% and 19%, respectively) subcutaneous fat depots [61].
The lower meal fat storage in upper fat depots and greater storage in lower fat depots noted
in overweight individuals support potential differences in storage depending on adiposity.
Furthermore, differences between men and women exist, as one study demonstrated greater
storage of meal fatty acids in adipose tissue in women (24% and 12%, respectively)
compared to men (16% and 7%, respectively) [62]. Indeed, in healthy subjects, adipose
clearance and storage [63], along with short-term fatty acid oxidation, represent the primary
fates of meal fat but alterations in these modes of fatty acid handling have been proposed in
obesity and insulin resistance and may impact metabolic risk [64].

With regard to dietary fatty acid clearance to muscle, numerous studies have used chronic
dietary strategies to determine the impact of fatty acid composition on muscle metabolism
[65–67]. Kien et al. investigated the fatty acid composition of lipids in muscle biopsies after
healthy subjects consumed diets high in either palmitic or oleic acid for 7 d [65]. A strong
congruence in the fatty acid pattern was observed between the diet, muscle-TG, muscle-
diacylglycerol, and the acylcarnitines present in serum. These data suggested that the
clearance and turnover of muscle fatty acids were nearly complete within the 7 d of feeding
[65] — an observation echoed in data from a 7 d, high-fat feeding study by Schrauwen-
Hinderling et al. [67]. A recently-developed method to assess dietary fatty acid clearance to
tissues combines positron emission tomography and computed tomography along with
administration of a fatty acid analog, the positron-emitting 14(R, S)-[18F]fluoro-6-thia-
heptadecanoic acid (18FTHA). Subjects consumed the isotope with fat in capsules and the
label was shown to accumulate in the liver, heart, skeletal muscles, and subcutaneous and
abdominal adipose tissues over the next 6 h [69]. In a subsequent study, healthy and diabetic
subjects were studied with intravenous infusion of 18FTHA simultaneously with continuous
oral intake of a liquid meal high in PUFA. Plasma NEFA uptake into tissues was similar in
the controls and diabetics, although reduced fractional plasma extraction of NEFA at muscle
was demonstrated in the diabetics secondary to reduced muscle blood flow in the
postprandial state [70]. The lower fractional extraction of TG-fatty acids in diabetics is in
contrast to the higher extraction at 2 h postprandially in insulin resistant subjects [68]. More
studies will be needed to understand the dynamics of dietary fatty acid uptake into skeletal
muscle and how insulin action and resistance affects this process. Lastly, although not
reviewed here, the topic of fatty acid clearance to the heart represents a new and significant
area of clinical research [71]. New techniques, including the novel PET/CT methods
described above, will allow better assessment of the impact of high-fat meals on lipid
clearance, utilization and ectopic lipid accrual in the heart.

3.3. Dietary-TG clearance to liver
Diets high in fat content have been shown to be strongly associated with the incidence of
obesity and its co-morbidities such as diabetes and atherosclerosis [72–74]. The complexity
of this concept with regard to types of dietary fat and incidence of various diseases has been
recently discussed [75] and it is clear that individual responses to high-fat diets may be the
key to understanding variability in risk to diet-induced obesity. One of the growing side
effects of obesity is non-alcoholic fatty liver disease (NAFLD) and data are emerging to
show that a significant source of liver-TG can be derived from meal fat. Using a multiple
stable isotope approach followed by liver biopsies in patients with suspected NAFLD, we
have calculated that 10–16% of dietary-TG passes through and/or gets stored in liver-TG
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throughout the day. This estimate is based on the amount of spillover of dietary fatty acids
after a labeled meal and fatty acids evident in VLDL-TG (Fig. 1D) over 10 h. The amount of
dietary FA found in VLDL-TG was greater than that which could be accounted for by
spillover and fatty acid flux and which presumably entered the liver via CM remnant uptake
[11]. This information was combined with VLDL-TG secretion rates measured in these
subjects (Donnelly and Parks, unpublished data), and the liver-TG labeled with the dietary
stable isotope after 5 days of feeding [11]. The 10–16% estimate is similar to the liver
clearance value of dietary-TG that we have calculated from the data of Ravikumar et al. who
fed low-fat meals to 8 healthy obese and 12 diabetic subjects and assessed liver-TG accrual
with magnetic resonance spectroscopy over a 24 h period [76]. Based on the peak label
detection in the liver within 12 h after the meal, 9% of meal fat was stored in the liver of the
healthy subjects compared to 13% in the diabetics. Lastly, using VLDL secretion rates in 6
healthy males studied by Timlin and Barrows [42,77,78] bolus-feeding of a liquid formula
orally resulted in 12% of the meal-TG being recycled through the liver and re-secreted back
into plasma in VLDL, while slowly infusing the same quantity of formula through a
duodenal feeding tube resulted in only 8% of the meal-TG being recycled through the liver.

These data can be summarized as follows: meal-TG can be delivered to the liver through the
spillover pathway after liberation via LPL and also through direct hepatic chylomicron
uptake (Fig. 1D). Slower rates of CM synthesis may support better peripheral handling of
dietary fatty acids compared to large meals containing greater amounts of fat. Data from
healthy subjects suggest that 8–12% of meal-TG is taken up by the liver after a single meal
and that in diabetics and individuals with NAFLD, a greater burden of meal fatty acids (10–
16%) may be handled by the liver in the postprandial state. These observations are
consistent with lower peripheral clearance of meal lipid in obesity and insulin resistance [79]
and increased message for fatty acid transport proteins (FATP and CD36) in the liver in
NAFLD [80].

4. Summary and future directions
The present paper has summarized recent developments in the study of dietary fatty acid
absorption, clearance to tissues, storage, and recycling. Over the past 20 years it has become
clear that dietary fatty acids carried in CM clear into many peripheral tissues in quantities
not previously appreciated, and that this clearance likely contributes to the development of
ectopic lipids that occurs in over-nutrition. A number of scientific questions are in need of
further research and include, “What are the factors that control CM-TG clearance to tissues
versus the uptake of albumin-bound NEFA?” “How does the spillover of dietary fatty acids
into the NEFA pool impact glucose utilization?” “What is the role of lipid transport proteins
in ectopic lipid deposition?” Furthermore, it is unknown if channeling occurs to target
particular intracellular compartments with fatty acids derived from extracellular CM
hydrolysis. Recent advancements in methodology to track the fate of dietary fatty acids in
humans will support research to answer these questions and spur the development of
therapies designed to improve dietary fatty acid handling in obesity and other chronic
diseases.

Abbreviations

CE cholesterol ester

CM chylomicrons
18FTHA [18F]fluoro-6-thiaheptadecanoic acid

NAFLD non-alcoholic fatty liver disease
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LPL lipoprotein lipase

MUFA monounsaturated fatty acids

NEFA non-esterified fatty acids

PET/CT positron emission tomography and computed tomography

PL phospholipid

PUFA polyunsaturated fatty acids

SFA saturated fatty acids

TG triglycerides

VLDL very low-density lipoprotein
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Fig. 1.
Meal TG absorption and metabolism. After eating a meal, dietary fat (triglyceride, TG) is
hydrolyzed by lipase to yield fatty acids (FA) and monoacylglycerol (MAG) which are then
absorbed (A) into the enterocyte. Within the enterocyte, FA have several fates: 1)
partitioning into cholesteryl ester (CE) or phospholipid (PL), 2) oxidation, or reesterification
to form TG for 3) incorporation into chylomicrons (CM) or 4) storage in an intracellular TG
storage or holding pool. Chylomicron-TG is metabolized at the tissue level by lipoprotein
lipase (LPL), which hydrolyzes CM-TG to release FA for tissue uptake. Some of these
released FA will not be taken up by tissues but will rather “spillover” (B) into the plasma
non-esterified fatty acid (NEFA) pool and can then be taken up by the liver or other tissues.
Within the major tissues (muscle or adipose), dietary-derived FA can be stored or oxidized
(C) depending on tissue needs. After hydrolysis of chylomicron-TG the particle becomes
smaller, forming a CM-remnant. This remnant particle is taken up by the liver and the TG
remaining in the particle can be repackaged into VLDL (D) thereby recycling the dietary
FA. This pathway is relatively slower for incorporation into VLDL-TG compared to the
incorporation of FA from the plasma free fatty acid pool, which occurs rapidly.
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Table 1

Studies demonstrating the extent of meal fatty acid oxidation and effects of fatty acid chain length and
saturation

Reference Vehicle for meal fatty acid
delivery

Time frame of
measurement

Tracer/Fatty Acid % fatty acid oxidized
within that time frame

Votruba et al. [50] Fed in a breakfast 2h 13C1-16:0 (breath) 2%

D31-16:0 (urine) 4%

6h 13C1-16:0 (breath) 8%

D31-16:0 (urine) 10%

10h 13C1-16:0 (breath) 13%

D31-16:0 (urine) 13%

Jones et al. [46] Fed in capsule 9h 13C1-18:0 2–3%

13C1-18:1 ~10%

DeLany et al. [47] Fed with mixed meal 9h 13C1-12:0 41%

13C1-16:0 16%

13C1-18:0 13%

13C1-18:1n9-cis 18%

13C1-18:1n9-trans 21%

13C1-18:2n6 20%

13C1-18:3n3 27%

MacDougall et al. [55] Oral bolus with test 9h 13C1-14:0 7–9%

13C1-16:0 2.5–3%

Raman et al. [48] Fed in a breakfast drink 9h 13C1-16:0 (breath) 7%

D31-16:0 (urine) 11%

Jones et al. [56] Emulsified into shake 9h 13C1-16:0 16%

13C1-18:0 15%

13C1-18:1 19%

24h 13C1-16:0 26%

13C1-18:0 24%

13C1-18:1 27%

Burdge et al. [81] Emulsified into shake 24h U13C-18:3n3 32–36%
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