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Previous studies in this laboratory have elicited a monophasic response in postprandial plasma
triacylglycerol (TAG) level with fat intakes of B g fat/kg body weight accompanied by about

17 g carbohydrate as lactose. Recent studies involving the same level of fat with a higher level of
carbohydrate, 136 g of which 60 g was sucrose, appeared to elicit a biphasic response. The present
study compared these two test meals and showed a significanktiveal interaction for plasma

total TAG (P =0-0228) reflecting a monophasic response with the lower-carbohydrate test meal.
The higher-carbohydrate meal induced significantly higher insulin and glucose-dependent
insulinotropic polypeptide responseB=£0-0009 andP = 0-0041 respectively). A significant
mealx time interaction was seen for plasma non-esterified fatty aBids@0437). The biphasic
plasma TAG response seen with the high-carbohydrate meal largely reflected the TAG-rich
lipoprotein (TRL) or chylomicron fraction, which would tend to suggest a biphasic pattern of
absorption. This was borne out by TRL-TAG fatty acid compositions. Both peaks in the biphasic
response showed active incorporation of the main dietary fatty acid$)-2818:21-6 and 18:8-

3into TRL-TAG. These results indicate that under the specific test-meal conditions used in the
present study, a biphasic pattern of fat absorption was seen.

Postprandial metabolism: Carbohydrate: Fat

Many studies have shown that the general pattern of post-mean monophasic TAG response is consistently seen in
prandial triacylglycerol (TAG) response to the acute inges- studies in this laboratory where subjects have access to
tion of fat is that of a gradual rise, a peak between 2 and 5 h water or black unsweetened tea during the period of post-
after the meal followed by a gradual decline to baseline prandial observation (Roche & Gibney, 1996). Fieldgl.
values by 8h (Van Amelsvoort al. 1989; Duboiset al. (1996) have provided evidence to suggest that ingested fat
1994; Roche & Gibney, 1995). However, several authors may be stored in the gastrointestinal tract or lymphatics and
have reported that when the postprandial TAG responses ofbe subsequently released by further fat ingestion. &tesl
individuals are examined, many reveal a biphasic rather (1993) also found that an evening meal produced an early
than the anticipated monophasic response. Oleftkyl. plasma TAG peak which they hypothesized had its origins
(1976) reported a biphasic postprandial TAG response in thein fat ingested at an earlier lunch.

majority of their subjects irrespective of their fasting TAG More recently, Rochet al. (19981) and Zampelast al.
levels. Similar results have been reported by Kaysitegd. (1998) have observed a mean biphasic response using test
(1983) and Cohret al. (1988). More recently, Zampelas meals of identical design as part of an international colla-
al. (1994) have shown a mean biphasic pattern of post- borative study. Because these test meals contained higher
prandial TAG response to a mixed meal. To date, no levels of carbohydrate than normally used in this laboratory
satisfactory explanation for this biphasic plasma TAG (136v. 17 g) where a monophasic response is consistently
response is available. Setét al. (1993) proposed that a  observed, the present study set out to examine whether this
multiphasic response could be due to the ingestion of fluids might have been a factor in inducing a biphasic postprandial
after the test meals which might provoke a secondary influx TAG response. Soyabean oil, containing 1833 (12g/

of fat from the gut. This is an unlikely explanation since a 100g oil), was used in the present study since the fasting

Abbreviations: AUC, area under the curve; GIP, glucose-dependent insulinotropic polypeptide; HC, high carbohydrate; LC, low carbohydrate; NEFA, non-
esterified fatty acids; TAG, triacylglycerol; TRL, TAG-rich lipoproteins.
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TAG concentration of this fatty acid is generally low, thus intervals of 7—10 d. On arrival, a 21 gauge, 32 mm venous
allowing this fatty acid to be used as a marker of ingested catheter (Abbot Ireland Ltd., Dublin, Republic of Ireland)
fat. Both insulin and glucose-dependent insulinotropic poly- was placed into the antecubital vein of the forearm. A
peptide (GIP) stimulate lipoprotein lipase 3.1.1.34) in a baseline blood sample was taken immediately before the
related fashion (Knappeet al. 1996) and because their meal ingestion and the cannula was flushed with normal
peak responses differ, insulin earlier and GIP later, the saline (9 g NaCl/l). Following the consumption of the test
possibility of a differential role for these hormones in meal, the subjects refrained from consuming any food or
shaping a biphasic response was investigated in the presentirink other than water or unsweetened, weak black tea for
study. 8 h. Blood samples were taken at 2, 4, 6 and 8 h following
the baseline sample (time 0) with the first 10 ml blood
) discarded to remove any traces of saline. Blood was col-
Experimental methods lected into 10 ml tubes containing1® ml 03 mm-potas-
Subjects sium EDTA. The blood samples were immediately centrifuged
. . . at 2500 rev./min for 15 min. Plasma for TAG-rich lipoprotein
Nine hefilthy volunteers participated in the study (four (TRL) separation was stored at 2-il the following day.
males, five females; mean age-23sp4-5) years; mean  The remainder of each plasma sample was stored in portions
BMI 24-1 (sD2-5) kg/nt). Subjects were healthy and were 4t _>¢p plasma TRL were separated using the method of
not taking any medication which could interfere with lipid Grundy & Mok (1976) with some modification. In azm|
or carbohydrate metabolism. None was taking nutritional Optiseal polyallomer centrifuge tube (Beckman Instru-
supplements. ments, Galway, Republic of Ireland);35 ml plasma was
overlayed with 235 ml saline (density= 1-006 g/ml). Ultra-
centrifugation at 4with centrifugal rate at 100 000 rev./min
for 24 min was used for TRL isolation (Beckman Optima
Two test meals with either high carbohydrate (HC) or low TLX ultracentrifuge with TLA 100.4 rotor, Beckman Instru-
carbohydrate (LC) content were given to the subjects on two ments). The TRL fraction was aspirated and storeel24¢
occasions. The test meals were standardized with respect tgor determination of TAG and fatty acid composition. The
body weight to reduce the possible effect of body size on TRL fraction is predominantly chylomicrons.
postprandial metabolism. The HC meal consisted of the
following (g/kg body weight): white bread-4, strawberry . .
jam 06, Nesquik (a flavoured sugar; Néstl&evey, Lipid and hormone concentrations
Switzerland) 4, skimmed-milk powder 8, rapeseed oil  Enzymic colorimetric assays were used to determine TAG
05 and water 3. This provided 639 fat, 1939 carbo-  and non-esterified fatty acid (NEFA) concentrations using
hydrate and B1 g protein per kg body weight. The LC meal standard kits. For TAG the method used was a standard
consisted of (g/kg of body weight): NesquikLQ skimmed- coupled enzymic method using lipas&€Q 3.1.1.3) —
milk powder 05, rapeseed oil 6 and water 3. This  glycerol kinase EC 2.7.1.30) (PAP500; Biomerieux,
provided G50 fat, 028 g carbohydrate and1Bg protein  Marcy I'Etoile, France) while the NEFA method used the
per kg body weight. The carbohydrate:fat ratio wes f&r coupled enzymic method involving acyl-CoA synthetase
the HC meal and 6 for the LC meal. The Nesquik, (EC 6.2.1.3) and acyl-CoA oxidaseéEC 1.3.3.6) (Wako
skimmed-milk powder and oil were mixed with the water Chemicals GmbH, Neuss, Germany). Plasma insulin was
to form a stable emulsion and were consumed in liquid measured by radioimmunoassay double-antibody techni-
form. The bread and jam in the HC meal were consumed in ques using guinea-pig anti-human insulin immunoglobulin
solid form together with the liquid formula part of the meal. G and Sepharose sheep anti-guinea-pig immunoglobulin G
The mean carbohydrate intake with the HC meal was 136 (Pharmacia AB, Uppsala, Sweden). Plasma GIP was kindly
(sb 19) g of which 40 % was starch, 46 % was sucrose and measured by Professor K. Buchanan of The Wellcome
14 % was lactose. For the LC meal the mean carbohydrateResearch Laboratories, Royal Victoria Hospital, Belfast
intake was 234D 3) g of which 73 % was lactose and 27 % using a radioimmunoassay (Alaet al. 1992).
was sucrose. The HC meal provided 4sp 0-6) MJ while
the LC meal provided -@(sp 0-2) MJ. These nutrient
analyses were obtained from standard food composition
tables. Lipids were extracted from the plasma and TRL fractions
using the Folch method with-Dg butylated hydroxy-
toluene/kg (Folchet al. 1957). NEFA and TAG fractions
were isolated from the lipid extracts by TLC on silica-gel-
The study was approved by the Ethics Committee of the coated plates (Whatman, 9 bridge PL.; Whatman Interna-
Federated Dublin Voluntary Hospitals. The subjects were tional Ltd., Maidstone, Kent, UK) in a solvent system
asked to take a light meal on the evening before the study, to(Roche & Gibney, 1997) of petroleum ether (b.p. 40380
fast from 20.00 hours that evening, to abstain from alcohol —diethyl ether—formic acid (80:20:2, by vol.) and the
and heavy exercise for 24 h before each investigation and toTAG and NEFA were identified following a spray of 2,7-
avoid smoking on the study day. Subjects presented them-dichlorofluorescein (1g/l in methanol) under u.v. light.
selves between 08.00 and 09.00 hours on each study day an&tandards were used to identify each fraction. The NEFA
consumed one of the two test meals in random order atand TAG fractions were scraped from the plates and then

Test med

Fatty acid composition of plasma and the TRL fraction

Study design
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washed twice with chloroform—methanol (2:1, v/v). The
solvent was then evaporated and the dried samples were
stored under plat —20°.

Methyl esters of fatty acids for GLC were synthesized
using BR; (14 % BF, BDH Chemicals, Poole, Dorset, UK) at
75 for 30min and the methyl esters were extracted in
hexane. The fatty acid compositions of TRL-TAG and
NEFA were determined using a Shimadzu GC-14A Series
GLC (Mason Technologies, Dublin, Republic of Ireland)
fitted with a fused silica capillary column (Phase Sep BP21
polar, 25m long, @2mm i.d., film thickness -@5um;
Phase Separations Ltd., Deeside, Clwyd, UK). The carrier
gas was N with injector at 250 and detector at 260
Analytical conditions were: make-up gas;-@®ee N, 1kg/
cm®; column gas, @free N, 1-25 kg/ent; H, 0-6 kg/ent;
dry air 05kg/cn?. The GLC was programmed at: 120
20C (8°/min), held at 200for 8 min, raised to 220(4°/min)
and held at 220for 10 min. The fatty acid methyl esters
were identified with a flame ionization detector and recog-
nized by their retention times against known standards (Sigma,
Poole, Dorset, UK). Peak areas were calculated by a Shimadzu
C-R6A chromatograph integrator (Mason Technologies).

Statistical analysis

The data analyses were completed with Data Desk 4.1 (Data
Description Inc., New York, NY, USA). All data are
presented as means and standard deviations. Data were
transformed to the log(In) value to give them a normal
Gaussian distribution with the exception of plasma NEFA
concentrations which were normally distributed. The post-
prandial data were analysed using ANOVA for repeated
measures. The postprandial data were expressed in sum-
mary form, i.e. area under the curve (AUC), the incremental
AUC, and maximum and minimum postprandial levels. The
AUC values were calculated as described by Matthetves.
(1990) and the incremental AUC was calculated as AUC
minus fasting values. Two-way ANOVA, using subject and
meal as the independent variables, was used to investigate
significant differences of these summary variabkes 0-05

was accepted as the level of statistical significance. A mean
biphasic response was deemed to have occurred if the
repeated measures ANOVA revealed a significant meal
time interaction and the subsequent use of the least sig-
nificant difference test revealed a surge-lull-surge pattern on
one treatment.

Results

Results for plasma total and TRL-TAG and for NEFA
concentrations are given in Table 1. No significant differ-
ences between meals were observed for any of these vari-
ables. A significant time effect was seen for total TAG
(P=00024), TRL-TAG P=00015) and plasma NEFA
(P=0-0001) concentrations. A significant medime inter-
action was found for total TAGR = 0-0228) and for NEFA
(P=0-0437). Postprandial values for glucose, insulin and GIP
are given in Table 2. For all these variables a significant time
effect was seenR<0-0001). For both insulin and GIP a
significant meal effect was found P&0-0009 and

P =00041 respectively). The meal effect for glucose was

Table 1. Postprandial plasma concentrations of total triacylglycerol (TAG), TAG-rich lipoprotein (TRL) and non-esterified fatty acids (NEFA) following a standard fat dose (0-5 g/kg body weight)

with a high-carbohydrate (HC) or low-carbohydrate (LC) meal$

(Mean values and standard deviations for nine subjects)

Statistical significance of effect of:

Time after test meal (h)...

)

meal x time
(P

)

time
(P=

)

meal
(P=

Mean SD

SD

Mean sD Mean sD Mean

SD

Mean

Meal

0-0024 0-0228

1-24*t 42 0-88t 0-35 NS
0-94 0-39 0-69 0-30

0-89 0-30
0-97* 0-27

0-26
0-29

0-26 0-98t
0-23 0-80

0-81
074

HC
LC

Plasma TAG (mmoll/l)

041 0-20 0-63*t 0-32 0371 0-33 NS 0-0015 NS
0-37 0-22 0-39* 0-30 019 0-21

0-19
0-17

0-17 042
0-15 0-27

0-29
0-20

HC
LC

TRL (mmol/l)

=0-0001 0-0437

0-24 0-:06*t 0-03 0-33*t 0-30 0-76* 0-46 0-70t 0-27 NS
0-19 0-32* 019 0-60 0-30 0-82* 0-31 0-67 0-23

0-57
0:62

HC
LC

Plasma NEFA (mmol/l)

Mean values were significantly different from those for LC, TP < 0-05.

Mean values were significantly different from fasting values, *P < 0-05.
I For details of meals and procedures, see pp. 412-413.
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Table 2. Postprandial concentrations of plasma glucose, insulin and glucose-dependent insulinotropic polypeptide (GIP) following a standard fat dose (0-5g/kg body weight) with a high-

carbohydrate (HC) or low-carbohydrate (LC) mealt
(Mean values and standard deviations for nine subjects)

Statistical significance of effect of:

05

Time after test meal (h)...

meal xtime

time
P

meal
(P

P=)

)

)

SD Mean sSD Mean SD Mean sD Mean sD =

Mean

Mean SD Mean

Meal

0:0472

0-0001

NS

038 485 039 483 024
4-55 0-36

035 457 036

517t 079 520t 045 496
1-43 4-48  0-30 4-67 046 477

563*t 1-07

6-16*

0-35
0-50

5-09
4-86

HC
LC

Glucose (mmol/l)

0-0001

0-0001

0-0009

14
3

21
19

66
60

2:9
19

91
62

28

32:4*t 161
8:6

44-3*t 256
4-5

12-7

48-9*t 18:5
221

79 19
43 334

89

HC
LC

Insulin (pU/ml)

0-0001 NS

204 117 75 0-0041
9-4 67 25

16-7

75:6*t 712 64:0*t 46:0 67-2*f 827 261
429 24-4 129 267 262

35-6*

83:9*t 73:9
386

7-8 2:6
17 31-7*

56

HC
LC

GIP (ng/l)

Mean values were significantly different from fasting values, *P < 0-05.

Mean values were significantly different from those for LC, TP < 0-05.

F For details of meals and procedures, see pp. 412-413.
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not statistically significant, but approachedmi=£ 0-0583).

A significant meaktime interaction was, however,
observed for glucoseP(=0-0472) and the mealtime
interaction for plasma insulin was highly significant
(P<00001). Summary postprandial variables are given in
Table 3. The AUC for glucose, insulin and GIP were
significantly higher with the HC meaP(< 0-05, P<0-001
andP < 005 respectively) than the LC meal. The minimum
NEFA values were significantly lower with the HC meal
(P<005).

The fatty acid compositions of TRL-TAG and NEFA
(9/100 g total fatty acids) are given in Table 4. These fatty
acids represent >90 % of the test-meal fatty acids (18;1
56 %; 18:21-6, 24 %; 18:3-3, 12%). For both TRL-TAG
and NEFA, the concentration of each fatty acid was influ-
enced by time P=0-0065 to P<0-0001). A significant
meal effect was seen for TRL-TAG 1813 (P =0-0353),
and for NEFA a significant meal effect was observed for
both 18:2-6 (P=0-0036) and 18:8-3 (P=0:0127). Only
in the case of 1811:9 in TRL-TAG, was a significant meal
time interaction found® = 0-02). The following fatty acids
showed a significant decline in TRL over the postprandial
period: 14:0, 16:0, 16:1, 18:0. Together, these fatty acids
comprised only 7g/100g of the test meal but comprised
42 g/100 g of fasting TRL fatty acids. Table 5 gives results
for the plasma concentrations (units/l) of these fatty acids in
the TRL and NEFA pools. Again, time was a significant
factor influencing variance for all variables studied. A
significant meal effect was seen for TRL-TAG 18:@
(P=0-0208) and 18:.83 (P=0009) and for NEFA
18:2n-6 (P=0:0202) and 18:6-3 (P=0-0453). For all of
the fatty acids, a significant meatime interaction was
found in the NEFA fraction R =0-0225-00001). In the
present study both males and females were included but no
significant differences in fasting plasma TAG-{8 v.
0-77 mmol/l) were noted. No attempt was made to examine
the possible different responses of the two sexes to the test
meals because the numbers did not justify this.
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Discussion

Although the majority of studies of postprandial lipaemia
show a monophasic response, several authors have reported
a mean biphasic response or a mean monophasic response
with some individuals showing a biphasic response. In some
instances, the biphasic response was observed when the test
meal was given 5—6 h after an earlier meal, either breakfast
(Fielding et al. 1996) or lunch (Peett al. 1993; Zampelas

et al.1994). In others, the biphasic response was noted after
an overnight fast (Olefskgt al. 1976; Kayshaget al. 1983;
Cohnet al. 1988). However, the great majority of studies
which have examined the postprandial lipaemic response
after an overnight fast have not noted a biphasic-type
response. The present study represents the third experiment
in which the specific ingredients used in the HC test meal
have elicited a mean biphasic lipaemic response (Rethe

al. 199&; Zampelaset al. 1998). In each case, the test meal
was administered after an overnight fast and it is possible, if
not probable, that the basis of this biphasic response will
differ from that observed in studies with meals administered
5-6h apart. This biphasic response is illustrated in Fig. 1,
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Table 3. Summary postprandial variables for plasma triacylglycerol (TAG), TAG-rich lipoproteins (TRL), and plasma glucose, insulin, glucose-
dependent insulinotropic polypeptide (GIP) and non-esterified fatty acids (NEFA) following a standard fat dose (0-5 g/kg body weight) with a high-
carbohydrate (HC) or low-carbohydrate (LC) mealt

(Mean values and standard deviations for nine subjects)

Total AUC (units/1-8h) AUC (units/1-8h) Maximum value (units)
Mean SD Mean SD Mean SD
Plasma TAG (mmol/l) HC 79 21 1-4 19 13 04
LC 69 21 09 11 11 0-4
TRL-TAG (mmol/l) HC 36 14 12 1-4 07 03
LC 24 15 09 07 05 0-3
Glucose (mmol/l) HC 40-2* 16 97 2:5 59 0-8
LC 379 27 16:0 11-3 63 1-2
Insulin (nU/ml) HC 146%** 53 98** 52 55* 25
LC 71 24 18 19 34 22
GIP (ng/l) HC 395* 332 348* 327 102* 77
LC 174 120 141 120 47 40
Minimum value
NEFA (mmol/l) HC 36 17 —-0-96 1-25 0-06* 0-03
LC 48 17 -015 1-75 031 015

Mean values were significantly different from those for LC: *P < 0-05, **P < 0-005, ***P < 0-001.
T For details of meals and procedures, see pp. 412-413.

which represents the change in plasma TAG over eachingested at breakfast can, in part, be stored in the enter-
consecutive 2 h period. The LC meal led to a gradual rise ocytes or lymphatics and its release into the circulation
and fall, whereas the HC meal showed a surge between Ocould be stimulated by the ingestion of the later meal at
and 2h, a lull between 2 and 4h and a substantial surgelunchtime. In a recent review, Bergeron & Havel (1997)
between 4 and 6 h. drew attention to earlier work by Mendeloff (1954) which

The study of Fieldinget al. (1996) clearly indicates that showed that intestinal lacteals of animals remain engorged
the ingestion of a lunch, 5 h after a breakfast, caused a rise inwith fat long after fat digestion is completed. Recent work
plasma TAG which could be clearly identified, on the basis by Mattes (1996) showed that sham feeding with cream
of the fatty acid composition, as being derived from the cheese and crackers, which were chewed but not swallowed,
breakfast fat. The authors consider the possibility that fat significantly augmented the postprandial lipaemic response

to 509 safflower oil. Clearly oronasal stimuli alone can
08 contribute to the release of lacteal lipid originating from an
earlier meal. Whilst it is possible that this phenomenon
could have played a role in the present study, it cannot
explain why it would have operated in one treatment but not
the other.

In the present study, rapeseed oil was used to provide a
marker of the test-meal fat because whereas fasting TRL-
TAG contains <2g/100 g as 1813, this oil contains 12 g
18:3-3/100g. Thus, this fatty acid could track the move-
ment of exogenous (ingested) lipid within the endogenous
plasma pool. If the first peak in the biphasic response was
due to the release of fat from lacteals stored there overnight,
then the level of 18:3-3 in plasma TRL-TAG would have
been diluted. Equally if the first peak represented NEFA re-
cycled into VLDL-TRL-TAG, dilution of 18:3-3 would
also be expected. In fact, with the HC test meal, the level of
18:3-3 in TRL-TAG more than doubled in the first 2 h.
Again, with the HC meal, the levels of TRL-TAG and the
concentration of 18133 in that fraction remained static in
the period of hour 2 to hour 4. Then, just as TRL-TAG
showed a second surge inhours 4-6 to create the second

Change in plasma TAG (mmol/l}

0-2 2-4 4-6 6-8 peak, the level of 18183 in the TRL-TAG also showed a
Time period (h) second surge. Within the plasma NEFA fraction, 1833
also exhibited this surge-lull-surge pattern with the HC test
Fig. 1. Change in postprandial plasma triacylglycerol (TAG) concen- meal which contrasts with the gradual rise and fall pattern
trations following a standard fat dose (0-5g/kg body weight) with a observed with the LC test meal. Taken together these data

high-carbohydrate (M) or a low-carbohydrate () meal. Values are . . .
means for nine subjects, with standard deviations indicated by vertical support the view that, for this particular HC test meal, the

bars. biphasic pattern involves the test-meal lipid rather than
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