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The present study was carried out to determine whether cephalic stimulation, associated with
eating a meal, was sufficient stimulus to provoke the release of stored triacylglycerol (TAG)
from a previous high-fat meal. Ten subjects were studied on three separate occasions. Following
a 12 h overnight fast, subjects were given a standard mixed test meal which contained 56 g fat.
Blood samples were taken before the meal and for 5 h after the meal when the subjects were
randomly allocated to receive either water (control) or were modified sham fed a low-fat (6 g
fat) or moderate-fat (38 g fat) meal. Blood samples were collected for a further 3 h. Compared
with the control, modified sham feeding a low- or moderate-fat meal did not provoke an early
entry of TAG, analysed in either plasma or TAG-rich lipoprotein (TRL) fraction (density
,1´006 kg/l). The TRL-retinyl ester data showed similar findings. A cephalic phase secretion of
pancreatic polypeptide, without a significant increase in cholecystokinin levels, was observed on
modified sham feeding. Although these data indicate that modified sham feeding was carried out
successfully, analysis of the fat content of the expectorant showed that our subjects may have
accidentally ingested a small amount of fat (0´7 g for the low-fat meal and 2´4 g for the
moderate-fat meal). Nevertheless, an early TAG peak following modified sham feeding was not
demonstrated in the present study, suggesting that significant ingestion of food, and not just oro-
sensory stimulation, is necessary to provoke the release of any TAG stored from a previous meal.

Triacylglycerol: Modified sham feeding: Sequential meal ingestion

Many studies of the postprandial responses to fat ingestion
have been conducted using a single test meal, with a peak
in triacylglycerol (TAG) concentration usually occurring
3±4 h after eating the meal. We have previously shown that
different events occur on sequential meal ingestion when a
second meal is eaten within a few hours of a previous meal.
Notably, there is a rapid appearance of chylomicrons into
the circulation, with a peak at approximately 1 h after the
second meal (Peel et al. 1993; Fielding et al. 1996; Evans
et al. 1998). Fielding et al. (1996) have demonstrated that
chylomicrons released into the circulation following the
second meal carried fatty acids which were very similar to
those consumed in the first meal. Following on from these
observations, Evans et al. (1998) showed that this effect
occurred whether the second meal contained fat or was fat-
free. It appears, therefore, that a proportion of dietary fat
from the first meal is stored in a location from which it is

rapidly released on eating the second meal. The location of
the storage pool and the stimuli able to cause its release are
presently unknown.

Findings from a recent study have shown that oro-nasal
(cephalic) stimulation, generated from modified sham
feeding full-fat cream cheese on crackers, was able to
exaggerate the postprandial plasma TAG response to a
standard 50 g fat load given as capsules (Mattes, 1996).
Since this exaggerated response was only observed when
the full-fat cream cheese and not low-fat cheese or dry
crackers were modified sham fed, the author hypothesised
that receptors in the oro-nasal region may be able to detect
some aspect of the chemical composition of dietary fat and
so modify the postprandial lipaemic response. Similar
findings were observed over 40 years ago by Mendeloff
(1954) who showed that modified sham feeding an
attractive meal was able to improve the entry into the
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circulation of vitamin A given as retinyl palmitate 2 h
earlier. Mendeloff (1954) postulated that cephalic stimula-
tion was somehow able to activate the lacteals to expel their
contained vitamin A into the bloodstream. The possibility
that cephalic stimulation might modify the lipaemic
response to a previously eaten meal is important in view
of increasing evidence that elevated levels of TAG during
the postprandial state play a considerable role in the
pathogenesis of CHD (Zilversmit, 1995; Patsch et al.
1992). Thus, the aim of the present study was to examine
whether oro nasal stimulation was one of the stimuli
responsible for the release of stored TAG from a previous
meal. This stimulation was performed by modified sham
feeding (chewing and expectorating) low- and moderate-fat
meals 5 h after consuming a standard fat load. The vitamin
A loading method was used to label chylomicrons and their
remnants with retinyl ester (RE) and provide a clearer
picture of chylomicron-specific postprandial responses.
Measurements of pancreatic polypeptide (PP), a cephalic
phase-stimulated hormone (Mattes, 1997) and cholecysto-
kinin (CCK), a hormone released by food ingestion
(Glasbrenner et al. 1994) were included as markers of
successful modified sham feeding. The opportunity was
also taken to develop and validate a method for modified
sham feeding that may be useful in future studies.

Results from the present study have been published
previously in abstract form (Jackson et al. 2000; Robertson
et al. 2000).

Subjects and methods

Subjects

Ten healthy subjects (six female, four male), median age 30
(range 21±55) years and median BMI 24 (range 20±26) kg/
m2, were studied on three occasions. The subjects satisfied
the following inclusion criteria: no previous history of
hyperlipidaemia, diabetes or any other endocrine or liver
diseases; level of aerobic exercise ,three 30 min sessions
per week; alcohol intake ,30 units/week; not trying to lose
weight or taking dietary fatty acid supplements. The
subjects were recruited following screening for blood
lipid and glucose levels which were all within normal
limits (mmol/l): (TAG 0´9 (SEM 0´2), total cholesterol 5´0
(SEM 0´4), glucose 5´0 (SEM 0´1). All subjects had normal
haemoglobin values.

The present study was approved by the University of
Reading and Central Oxford Research Ethics Committees
and all subjects gave informed consent at the beginning of
the study.

Study-day procedure

Test meal composition. Subjects were given on each
postprandial day at approximately 08.30 hours a high-fat
breakfast consisting of a milkshake containing 55 g corn
oil, a bowl of Cornflakes and a banana (56 g fat, 73 g
carbohydrate and 13 g protein). Retinyl palmitate (aqueous
form; 2 ml, equivalent to 112 mg of retinyl palmitate;
Roche, Welwyn Garden City, Herts., UK) was added to the
milkshake. At lunch (300 min; 13.30 hours) subjects

consumed either 350 ml mineral water (control) or chewed
and expectorated a low-fat (LFS; 6 g fat, 52 g carbohydrate
and 24 g protein) or moderate-fat (MFS; 38 g fat, 53 g
carbohydrate and 26 g protein) meal consisting of a cheese
and tomato pizza, a milk drink and mineral water. The
nutrient composition of foods was determined from
manufacturers' information and from food tables (Holland
et al. 1991).

Postprandial study day. On the day before each study
day, subjects were asked to avoid strenuous exercise and
alcohol, and to consume a low-fat evening meal (,10 g
fat) before 20.00 hours. Female subjects had their
postprandial days standardised to the second half of their
menstrual cycle (luteal phase). Subjects attended an
investigation unit at either the University of Reading or
Radcliffe Infirmary, Oxford following a 12 h overnight fast
on three separate occasions, separated by at least 4 weeks.
An indwelling cannula was inserted into the antecubital
vein of the forearm and two fasting blood samples were
taken before giving the standard breakfast meal, which was
consumed within 20 min. Blood samples were taken at
hourly intervals until 300 min after the breakfast test meal
when the subjects were randomly allocated to consume
water (control), or to chew and expectorate (modified sham
feeding) a low-, or moderate-fat meal. Blood samples were
collected 10, 20, 30, 60, 90, 120 and 180 min following the
control and modified sham feeds for the analysis of TAG in
both plasma and TAG-rich lipoprotein (TRL) fraction, and
of TRL-RE. Additional blood samples were taken at 2 and
5 min following the meals for the analysis of PP and CCK.
Between meals, subjects did not consume any other food
and decaffeinated sugar-free drinks were taken at regular
intervals. The test meals were all well tolerated by the
subjects without any unpleasant side effects.

Modified sham feeding protocol. The low- and moder-
ate-fat meals used for modified sham feeding were
prepared, at each centre, in a room separate from the
clinical investigation unit. At lunch time (300 min follow-
ing the first meal), the subjects were presented with the test
meal and were instructed to chew the food until the point at
which they would normally swallow and then to expecto-
rate the food into a plastic container. The subjects rinsed
their mouths with the milk drink (200 ml) and mineral
water (150 ml) and were continually instructed not to
swallow any food or drink by an investigator. Subjects
repeated this procedure until the meal had been completely
modified sham fed. This procedure took less than 20 min.
Weights of each meal were measured before and after
modified sham feeding.

Blood collection and analytical methods

Blood samples were collected into heparinised tubes
(L.I.P., Shipley, West Yorkshire, UK) or heparinised
syringes (Monovettee; Sarstedt, Leicester, Leics., UK)
for the analysis of plasma TAG, TRL-TAG and TRL-RE
and spun at 1700 g for 15 min. Samples for plasma TAG
analysis were stored at 2208C until analysed. Plasma for
TRL separation was stored overnight at 48C in sterile glass
bottles containing no anticoagulant. The TRL fraction
(density ,1´006 kg/l) was prepared by following the
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procedure of Grundy & Mok (1976) with a few modifica-
tions. Plasma (3 ml) was overlayered with 3 ml saline (9 g
NaCl/l; density 1´006 kg/l) and ultracentrifuged in 13´4 ml
polycarbonate tubes (Beckman Instruments (UK) Ltd, High
Wycombe, Bucks., UK) at 4´82 � 106 gmax (50 000 rpm for
24 min) in a 70´1 Ti rotor (Beckman Instruments (UK)
Ltd). TRL (creamy layer floating on the surface, 1´0 ml)
was carefully isolated, divided into portions and stored at
2208C for future analyses. Samples for the analysis of RE
were covered with Al foil to protect from degradation by
light.

Serum for PP analysis was divided into aliquots and
stored at 2808C until analysis. Blood samples for CCK
were collected into K EDTA-coated tubes containing
200 KIU aprotinin/ml blood (Trasylole; Bayer plc, New-
bury, Berks., UK), centrifuged at 1700 g for 15 min and
plasma stored at 2208C until analysis. Blood samples for
the analysis of PP and CCK were collected between 300
and 480 min only.

Measurement of triacylglycerol, pancreatic polypeptide
and cholecystokinin levels. TAG in both the plasma and
the TRL fraction was analysed using an IL Monarch
centrifugal analyser (Instrumentation Laboratory, Warring-
ton, Ches., UK) using an enzyme-based colorimetric kit
supplied by Instrumentation Laboratory. All samples for
each subject were analysed within a single batch and the
intra-assay CV for TAG was 1´7 %.

Serum PP and plasma CCK were analysed using
commercially available radioimmunoassays (Eurodiagnos-
tica, Boldon, Tyne and Wear, UK), with ethanol extraction
of CCK before analysis. The intra- and inter-assay CV for
both radioimmunoassays were less than 10 %.

Measurement of retinyl esters in the triacylglycerol-rich
lipoprotein fraction. Normal phase HPLC was used to
measure total RE in the TRL fraction (Ruotolo et al. 1992).
The intra-assay CV was 1´9 % at 5 mg/ml.

Measurement of the fat content of control and modified
sham-fed expectorants. Two identical test meals were
prepared for each modified sham fed meal; one was
presented to the subject and the second was kept as a
control, for comparison to determine if any fat had been
eaten inadvertently during modified sham feeding. After
modified sham feeding of the low- and moderate-fat meals,
the duplicate meals and the expectorants obtained after
modified sham feeding were homogenised and then freeze-
dried for a period of 24 h. The samples were then ground
using a pestle and mortar and stored in a dessicator until
analysed. The fat content of the samples was analysed
using the Soxflo method described by Brown & Mueller-
Harvey (1999), with previous acid-hydrolysis of the food
samples.

Statistical analysis

Data were analysed using the Statistical Analysis Systems
Statistical Software package (SPSS Inc., Chicago, IL,
USA). The postprandial data were presented in summary
form, i.e. area under the curve and incremental area under
the curve (IAUC), and area under the curve values were
calculated using the trapezoidal rule (Matthews et al.
1990). In tables data are presented as mean values with the

standard errors of the means. The postprandial responses
following the first and second meal were analysed using
repeated measures ANOVA. Data were checked for
normality, and transformed where necessary before statis-
tical analysis was performed. Values of P , 0´05 were
taken as significant.

Results

Postprandial responses following the first meal (breakfast;
0±300 min)

The fasting concentrations of plasma and TRL-TAG were
not significantly different among postprandial days and are
shown in Table 1. Fasting TRL-RE concentrations were
below the limit of detection of the HPLC method.

There were no significant differences in the area under
the curve or IAUC for the plasma TAG, TRL-TAG or TRL-
RE responses between 0 and 300 min postprandially (data
not shown). Repeated measures ANOVA did not demon-
strate any significant meal effects or meal � time interac-
tions for the postprandial responses between 0 and 300 min
(first and second meal).

The 300 min plasma TAG, TRL-TAG, TRL-RE, PP or
CCK concentrations before the control, LFS or MFS
protocols were not significantly different. As expected,
plasma TAG �P , 0´01�; TRL-TAG �P , 0´01� and TRL-
RE �P , 0´008� concentrations were significantly higher at
300 min compared with fasting concentrations (0 min;
Table 1).

Postprandial responses following the second meal (300±
480 min)

Repeated measures ANOVA did not demonstrate any
significant meal effects or meal � time interactions for any
of the variables measured between 300 and 480 min after
receiving water or modified sham feeding. There were also
no significant differences in the area under the curve or
IAUC for the variables measured between the postprandial
responses of the modified sham feeds (LFS and MFS) and
that of the control. In the case of plasma and TRL-TAG and
TRL-RE, the IAUC for the modified sham feeds demon-
strated a tendency to be lower compared with that for the
control, but this difference did not reach significance
(Table 2). The incremental plasma TAG response from 300
to 480 min is shown in Fig. 1. Similarly, the IAUC values
for CCK were not significantly different, although there
was a tendency for higher IAUC on modified sham feeding
compared with the control (Table 2). The PP response
following both the LFS and MFS showed a superimposable
response, with a typical early peak in PP concentrations
after the onset of modified sham feeding and returning to
300 min levels at the end of the sampling period (390 min).
The control, on the other hand, showed very little increase
in PP levels over the 90 min sampling period (Fig. 2).

Measurement of fat content of modified sham fed
expectorants

The amount of fat recovered from the duplicate meals and
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from the expectorants collected after modified sham
feeding are shown in Table 3. The amount of fat recovered
in the expectorant following the LFS was significantly
lower than the amount of fat recovered from the duplicate
LFS meal �P , 0´05�; but only by 0´7 g. In the case of the
MFS there was no significant difference.

Discussion

The present study was designed to determine whether
cephalic stimulation, generated from eating a meal, could
provide the stimulus for the rapid entry into the circulation
of TAG eaten with a meal 5 h previously. Cephalic
stimulation is a process whereby the sight, smell, thought
and taste of food causes the brain to prepare for the
digestion and absorption of the food via activation of the
parasympathetic nervous system to release, for example,
saliva and gut hormones (Mattes, 1997). In order to achieve
a significant cephalic phase response in human subjects
modified sham feeding is performed, where food is taken
into the mouth, chewed and then expectorated without

swallowing. The test meals used in the present study were
chosen so that the subjects were unaware of the fat
contents. In order to determine whether any of the subjects
had inadvertently swallowed any of the meals the
expectorant was collected, weighed and analysed. Since
plasma and TRL-TAG levels following the second meal
were one of the main outcomes of the present study, the
total fat content of the expectorant was determined to
calculate possible fat ingested during modified sham
feeding. In addition, the cephalic phase stimulated hormone
PP and gut hormone CCK were measured in the samples
collected after water (control) and modified sham feeding.

The results of the present study show that the cephalic
stimulation generated from modified sham feeding the low-
and moderate-fat meals did not cause an early peak in
plasma or TRL-TAG, a response we have previously
demonstrated following the ingestion of both fat-free and
fat-containing meals (Peel et al. 1993; Fielding et al. 1996;
Evans et al. 1998) but not following water (Evans et al.
1998). These findings contrast with those observed by
Mattes (1996) who showed an augmented postprandial

Table 2. Incremental area under the curve for the 300±480 min postprandial responses for plasma and triacylglycerol-rich
lipoprotein (TRL)-triacylglycerol (TAG), TRL-retinyl ester (RE), pancreatic polypeptide (PP) and cholecystokinin (CCK)

following the control and modified sham fed meals*

(Mean values with the standard errors of the means for ten subjects)

Test meal Control LFS MFS

Mean SEM Mean SEM Mean SEM

Plasma TAG (mmol/l per 180 min) 240´6 11´6 265´1 17´8 265´7 18´1
TRL-TAG (mmol/l per 180 min) 218´4 7´7 231´0 16´1 246´8 16´2
TRL-RE (mg/ml per 180 min) 298´8 38´8 2192´4 60´1 2104´0 42´4
PP (pmol/l per 90 min) 260´7 492´7 1893´6 851´7 1372´7 1397´5
CCK (pmol/l per 90 min) 259´9 100´7 20´31 54´8 55´1 62´2

LFS, low-fat modified sham fed meal; MFS, moderate-fat modified sham fed meal.
* For details of test meals and procedures, see p. 150.

Table 1. Fasting (0 min) and postprandial concentrations of plasma and triacylglycerol-rich lipoprotein (TRL)-
triacylglycerol (TAG), TRL-retinyl ester (RE), pancreatic polypeptide (PP) and cholecystokinin (CCK) 300 min

after consumption of the standard breakfast meal²

(Mean values with the standard errors of the means for ten subjects)

Fasting (0 min) Postprandial (300 min)

Test meal Mean SEM Mean SEM

Plasma TAG (mmol/l) Control 0´89 0´16 1´32** 0´22
LFS 0´89 0´16 1´51** 0´26
MFS 0´95 0´18 1´68** 0´36

TRL-TAG (mmol/l) Control 0´16 0´04 0´39** 0´08
LFS 0´17 0´03 0´56** 0´14
MFS 0´17 0´04 0´68** 0´17

TRL-RE (mg/ml) Control 0³ 1´54*** 0´59
LFS 0³ 2´26*** 0´94
MFS 0³ 1´71*** 0´58

PP (pmol/l) Control ± 54´6 17´7
LFS ± 53´5 15´4
MFS ± 55´5 14´5

CCK (pmol/l) Control ± 4´42 1´26
LFS ± 3´21 0´63
MFS ± 3´24 0´42

LFS, low-fat modified sham fed meal; MFS, moderate-fat modified sham fed meal.
Mean values were significantly different from those fasting concentrations: **P , 0´01; ***P , 0´008:
² For details of procedures, see p. 150.
³ Below the limit of detection of the HPLC method.
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TAG response after modified sham feeding a moderate-fat
meal. However, the major effect of modified sham feeding
observed by Mattes (1996) was on the late postprandial
TAG response, suggesting modification of either clearance
mechanisms or secretion of VLDL particles from the liver.
The present study was designed specifically to investigate
potential effects on the release of pre-formed chylomicrons
from the enterocyte, so that our negative findings, although
suggesting a lack of effect of modified sham feeding at this
site, do not exclude potential effects on later stages of
chylomicron metabolism. The different study designs used
by Mattes (1996) and ourselves may also provide an

explanation for the differences observed. In the study of
Mattes (1996), fifty 1 g safflower oil capsules were
ingested before modified sham feeding cream cheese on
crackers at regular intervals for 2 h. In the present study,
modified sham feeding was carried out 5 h after a mixed
meal (56 g fat) for a duration of less than 20 min. In the
study of Mattes (1996), the weight of the expectorant
following modified sham feeding provided a crude measure
of the success of the modified sham feeding protocols.
Measurement of hormonal markers such as PP would have
helped to determine whether there had been any swallow-
ing of the test meals, since the contribution of saliva
produced during modified sham feeding to the weight of
the expectorant may have underestimated any inadvertent
ingestion of fat.

The vitamin A loading method was used to label
chylomicrons with RE, providing a more specific picture
than TRL-TAG of chylomicron-specific postprandial
responses after modified sham feeding. In concordance
with the TRL-TAG data, modified sham feeding did not
cause a rapid release of TRL-RE into the circulation, and
this result contrasts with the very early findings of
Mendeloff (1954). As before, differences in study design
make it difficult to compare these very early findings with

Table 3. Total fat (g) recovered from the duplicate low- and
moderate-fat meals and the modified sham fed expectorants²

(Mean values with the standard errors of the means for ten subjects)

Duplicate meal Expectorant Unrecovered fat

Test meal Mean SEM Mean SEM Mean SEM

Low-fat 6´2 0´3 5´5* 0´4 0´7 0´3
Moderate-fat 35´4 0´5 33´0 1´5 2´4 1´4

Mean value was significantly lower than that of the control meal: *P , 0´05:
² For details of the test meals and procedures, see p. 150.

Fig. 1. Incremental plasma triacylglycerol (TAG) concentrations (mmol/l) following the control meal (W) and modified sham feeding of the low-fat
(X) and moderate-fat (K) meals. Values are mean changes from the TAG concentration at 300 min after the standard breakfast meal for ten
subjects. The standard errors are not shown in order to improve clarity of response. For details of test meals and procedures, see p. 150.
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those presented here. In the Mendeloff (1954) study, a rapid
entry of vitamin A was observed on modified sham feeding
an attractive meal 2 h following the ingestion of retinyl
palmitate in corn oil. However, we did not see any rise in
RE concentrations from modified sham feeding 5 h after
the ingestion of a mixed meal containing retinyl palmitate.
Mendeloff (1954) stated that the lacteals of animals remain
engorged with fat for hours after fed fat has disappeared
from the lumen, and that cephalic stimulation somehow
activated the lacteals to release their contents. The act of
modified sham feeding 2 h after the retinyl palmitate dose,
in contrast to 5 h, may have caused changes in the
gastrointestinal handling of the retinyl palmitate and corn
oil and caused it to be released rapidly into the circulation.
As in the study of Mattes (1996), hormonal markers were
not used nor were expectorants analysed to determine
whether swallowing of the modified sham fed meals had
occurred.

The secretion of PP is under cholinergic control, and the
ingestion of food causes a distinct biphasic secretion. The
first phase of secretion is due to vagal stimulation (cephalic
stimulation) and the second phase corresponds with the
presence of food in the gut (Liverse et al. 1993). The lack
of the biphasic PP secretion following both the LFS and

MFS suggests that modified sham feeding was carried out
successfully. It is also interesting to note that the PP
responses following both the modified sham fed meals
were very similar despite differences in the fat content of
the two meals. Evidence from an earlier study has
demonstrated that the composition of the meals used for
modified sham feeding was important, with protein and fat
increasing the stimulation of PP compared with carbohy-
drate (Witteman et al. 1994). CCK was used in the present
study as a marker for the accidental ingestion of fat during
modified sham feeding, as its secretion has been shown to
be stimulated by the entry of as little as 2 g fat into the
duodenum (Glasbrenner et al. 1994). However, there is
disagreement in the literature as to whether CCK can be
released by cephalic stimulation alone. A study by WiseÂn
et al. (1992) in lean and obese subjects showed an
unusually early rise in CCK levels on modified sham
feeding in the lean subjects compared with the obese
subjects. Although the authors proposed that these data
supported the possibility of a cephalic phase of CCK
secretion, at least in lean subjects, there has been very little
other evidence in the literature to support this finding. A
recent paper by Raybould et al. (1998) has provided clear
evidence for the essential role of chylomicron formation,

Fig. 2. Pancreatic polypeptide (PP) concentrations (pmol/l) following the control meal (W) and modified sham feeding of the low-fat (X) and
moderate-fat (K) test meals at 300 min after the standard breakfast meal. Values are means for ten subjects; the standard errors are not shown
in order to improve the clarity of response. For details of test meals and procedures, see p. 150.
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especially the presence of lipid in the intestine, as a signal
for the release of CCK from CCK endocrine cells.
However, further work is required to determine the
complete mechanism involved in the release of CCK.

The fat contents of the expectorants collected during
modified sham feeding were compared with those of the
duplicate meals to determine whether our subjects had
accidentally consumed any fat. Many of the studies
examining the effects of modified sham feeding on lipid
and hormonal responses have used the weight of the
expectorant as a measure of the success of the modified
sham feeding protocol. However, cephalic stimulation
causes saliva release, which would contribute to the weight
of the expectorant, thereby masking any loss of food caused
by inadvertent ingestion. In the present study the modified
sham fed expectorants were collected, weighed and
analysed to determine their fat content. The amounts of
fat recovered in the expectorants after modified sham
feeding both the low- and moderate-fat meals were lower
than those of the duplicate meals. However, the maximum
losses estimated to have occurred through swallowing
would have been 0´7 and 2´4 g respectively for the low- and
moderate-fat meals. These findings, together with the
failure to observe a significant elevation in CCK in
response to modified sham feeding, support our conclusion
that successful modified sham feeding was performed with
no significant ingestion of any macronutrients.

In conclusion, cephalic stimulation produced during
modified sham feeding low- and moderate-fat meals 5 h
after a previous meal did not cause a rapid entry of pre-
formed TRLs into the circulation. These findings were
surprising in view of our previous observations following
the ingestion of a meal, irrespective of its fat content (Peel
et al. 1993; Fielding et al. 1996; Evans et al. 1998). These
data suggest that the stimuli needed to cause the release of
stored TAG from a previous meal may require complete
ingestion of the second meal rather than the cephalic
stimulation associated with eating the meal. A more
significant cephalic stimulation is produced on swallowing
food compared with tasting and chewing food (Mattes,
1997), indicating that the presence of food in the gut may
be one of the necessary stimuli to provoke the release of
stored TAG. The events which occur following the
ingestion of a fat-containing meal represent the interaction
of a number of factors. These factors include intestinal
digestion, metabolic processing within the enterocyte,
secretion of the nascent chylomicrons and their movement
within the lymphatics, and finally their release into the
circulation. The mechanism whereby the fat ingested in one
meal appears in chylomicrons released within 1 h of eating
a second meal is completely unknown. It has been
hypothesised that a proportion of recently ingested fat is
retained within the gut lumen, enterocyte or lymphatics.
The rapid appearance of chylomicron TAG in the
circulation after the second meal would suggest that the
fat is present in pre-formed chylomicrons and not as
digested fat in the intestine. If the chylomicrons were stored
in the enterocyte or the lymphatics, the increase in lymph
volume and flow associated with eating and drinking a
meal (Mendeloff, 1954) could be responsible for the rapid
release of TRLs from the gut. However, further work is

required in this area to determine the location of the stored
TAG from a previous meal and whether the second meal
effect occurs if a meal is eaten later than 5 h after the first
meal.
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