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Health effects of cocoa flavonols depend on their bioavailability, which is strongly influenced by the
food matrix and the degree of flavanol polymerization. The effect of milk on the bioavailability of
cocoa flavanoids considering phase Il metabolites of epicatechin has been the subject of consider-
able debate. This work studies the effect of milk at the colonic microbial metabolism level of the
nonabsorbed flavanol fraction that reaches the colon and is metabolized by the colonic microbiota
into various phenolic acids. Twenty-one human volunteers followed a diet low in polyphenols for at
least 48 h before taking, in a random order, 40 g of cocoa powder dissolved either in 250 mL of
whole milk or in 250 mL of water. Urine samples were collected before the intake and during three
different periods (0—6, 6—12, and 12—24 h). Phenolic acids were analyzed by LC-MS/MS after
solid-phase extraction. Of the 15 metabolites assessed, the excretion of 9 phenolic acids was
affected by the intake of milk. The urinary concentration of 3,4-dihydroxyphenylacetic, protocate-
chuic, 4-hydroxybenzoic, 4-hydroxyhippuric, hippuric, caffeic, and ferulic acids diminished after the
intake of cocoa with milk, whereas urinary concentrations of vanillic and phenylacetic acids
increased. In conclusion, milk partially affects the formation of microbial phenolic acids derived
from the colonic degradation of procyanidins and other compounds present in cocoa powder.
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INTRODUCTION

The consumption of cocoa foods has been linked to short- and
long-term health benefits, particularly related to cardiovascular
diseases (/,2). Some studies have placed the polyphenolic content
of cocoa foods behind these effects, showing that they are
important sources of these compounds (3). Flavanols are the
most abundant flavonoids in cocoa, occurring as monomers
(mainly (—)-epicatechin) and as oligomeric (procyanidins BI,
B2, and C1) and polymeric forms (procyanidins) (¢). Monomers
account for 5—10% of total cocoa polyphenols and oligomers
and polymers for 290% (5). Requisites such as bioavailability,
including microbiota degradation, have been shown as manda-
tory keys to these expected healthy effects (4, 6).

The bioavailability of flavanols is strongly influenced by several
factors, such as their degree of polymerization (7) and the food
matrix. Whereas monomers seem to be readily absorbed in the
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small intestine, the absorption of dimeric procyanidins in humans
seems to be very limited (8, 9), and polymeric procyanidins are not
well absorbed in their native form. These unabsorbed procyani-
dins reach the colon, where they are largely metabolized by the
colonic microbiota, producing a complex phenolic acid profile
from the qualitative and quantitative points of view (10 —13). Once
formed, they are absorbed, further metabolized in the liver, and
excreted in urine. In vitro studies showed that phenolic acids
inhibited the secretion of proinflammatory cytokine involved in
atherosclerosis from LPS-induced human PBMC (/4), and they
showed the highest effect on modulation of NF-«B activity with
strong inhibition of LPS-induced NF-«B activity (/5). Gut micro-
biota has been largely related to some aspects of the metabolism
and human health (/6) due to their ability to recover bioactive
substances from foods that would otherwise be washed out of the
intestinal tract without benefit (/7). In this context, microbial
metabolome is very important given that a significant proportion
of dietary polyphenols reaches the gut intact or scarcely meta-
bolized, being further metabolized by colonic microbiota (/8).
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The other important aspect that could modulate the bioavail-
ability of polyphenols is the food matrix. Several studies have
provided conflicting evidence about the effect of milk on the
bioavailability of polyphenols, specifically flavanols, when look-
ing at their phase II conjugate forms, from different dietary
sources such as cocoa or tea (/9—22). In this context, a recent
study clarified the controversy, suggesting that the possible
influence of milk on cocoa flavonoid absorption, and conse-
quently on the urinary excretion of phase I metabolites, is more
relevant for drinks with lower flavan-3-ol content, which is typical
of many commercial cocoas, than for drinks with higher con-
tent (23). Therefore, bearing in mind that milk significantly
lowered the excretion of urinary phase II metabolites of flavan-
3-01(23), there is a need to study the effect of milk on the colonic
microbial metabolism of the nonabsorbed flavanol fraction that
reaches the colon. As far as we know, little information is
available about the evaluation of the impact of milk on phenolic
acid excretion after consumption of flavan-3-ol-rich sources such
as cocoa products. Studies related to the interaction between milk
and cocoa polyphenol absorption are important because Spain
has the largest consumption of cocoa powder products per person
(1668 g/person/year), followed by Norway (1647 g/person/year)
and Sweden (1288 g/person/year) [reports of ACNielsen, Euro-
monitor International, and Caobisco Association of the Choco-
late biscuit and confectionery industries of the European Union
(EU)], representing approximately 28% of the total cocoa con-
sumption in this country (24). In addition, cocoa powder is
mainly consumed with milk and during breakfast, and this
represents the main source of flavonoids in the young population
(Family Food Panel, Spain 2005—2006, Taylor Nelson Sofres).

In this context, the aim of this study was to evaluate the effect
of milk at a colonic microbial level, studying the urinary excretion
of microbial-derived phenolic acids after the intake of a standard
portion of cocoa powder with either water or milk in an acute
intervention using a targeted quantitative procedure.

MATERIALS AND METHODS

Standards and Reagents. The following compounds (% purity, when
available) were used. 3,4-Dihydroxyphenylpropionic acid (=98%), caffeic
acid (295%), ferulic acid (298%), p-coumaric acid (=98%), 3,4-dihy-
droxyphenylacetic acid (98%), 3-methoxy-4-hydroxyphenylacetic acid
(99%), 3-hydroxyphenylacetic acid (=97%), phenylacetic acid (=98%),
protocatechuic acid (>97%), 4-hydroxybenzoic acid (=98%), 3-hydroxy-
benzoic acid (=98%), hippuric acid (98% purity), ethyl gallate (296%),
creatinine, and f-glucuronidase/sulfatase (from Helix pomatia) were
purchased from Sigma-Aldrich (St. Louis, MO). 4-Hydroxyhippuric
acid (>99%) was purchased from PhytoLab GmbH & Co. KG
(Vestenbergsgreuth, Germany). Vanillic acid and m-coumaric acid were
purchased from Extrasynthese (Genay, France). HPLC grade solvents
methanol, acetonitrile, and formic acid were purchased from Scharlau
(Barcelona, Spain). Hydrochloric acid was purchased from Panreac
(Barcelona, Spain).

Subjects and Study Design. Twenty-one nonsmoking healthy volun-
teers (9 women and 12 men) between 18 and 50 years old with a body mass
index of 21.6 £+ 2.1 were recruited. None reported any history of
cardiovascular risk factors, heart disease, or other medical disease, nor
were receiving any medication or vitamin supplement. All gave written
informed consent before their inclusion in the trial, and the Institutional
Review Board of the Hospital Clinic of Barcelona (Spain) approved the
study protocol.

The study was an open, prospective, randomized, crossover feeding
trial. Participants were instructed to abstain from polyphenol-rich foods
for at least 48 h before and during the intervention day. After overnight
fasting, the 21 subjects were provided randomly with a single dose of 40 g
of cocoa powder with 250 mL of water (hereafter termed CW) or with
250 mL of milk (hereafter termed CM). This protocol was repeated after
1 week following a crossover experimental design. Test meals were
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prepared each day of the study following a standardized procedure. Four
hours after the cocoa intake, a light meal of bread and cheese was
provided. Urine samples were collected before ingestion and in the periods
of 0—6, 6—12, and 12—24 h. They were stored at —80 °C until analysis.

The CM and CW macronutrient composition (in 250 mL), respectively,
was as follows: carbohydrates, 30.75 and 58.40 g; fat, 10.91 and 2.16 g;
protein, 13.54 and 5.64 g; energy, 275.35 and 276.6 kcal. The phenolic
composition (mean £ SD) of the cocoa powder was 0.71 + 0.09 mg/g of
(—)-epicatechin, 0.21 £ 0.01 mg/g of (+)-catechin, 0.64 £+ 0.06 mg/g of
procyanidin B2, 33.87 ug/g of isoquercitrin, 5.74 ug/g of quercetin, 4.33 ug/g
of quercetin-3-glucuronide, and 36.32 ug/g of quercetin-3-arabinoside (8).
The milk had no phenolic compounds.

Extraction of Phenolic Acids from Urine. The extraction of
phenolic acids from the urine was carried out following a validated and
published method (8). Briefly, after hydrolysis of the urine samples with
p-glucuronidase/sulfatase, they were loaded into preconditioned Oasis
MCX 96-well plates for solid-phase extraction (Waters, Milford, MA),
washed, and extracted with methanol. Then, they were evaporated to
dryness and reconstituted with 100 4L of mobile phase.

LC-MS/MS. The analyses were performed with liquid chromato-
graphy—tandem mass spectrometry (LC-MS/MS). LC-PAD analyses
were performed using a Perkin-Elmer series 200 (Norwalk, CT) equipped
with a quaternary pump and a refrigerated autosampler plate. An Applied
Biosystems API 3000 triple-quadrupole mass spectrometer (PE Sciex,
Concord, ON, Canada) equipped with a Turbo IonSpray ionizing in
negative mode was used. A Phenomenex Luna C;g analytical column [50 x
2.0 mmi.d., 5 um] (Torrance, CA) with mobile phases A (95% water, 5%
acetonitrile, and 0.1% formic acid) and B (100% acetonitrile and 0.1%
formic acid) was used. The gradient, at a flow rate of 400 uL/min, was as
follows: 0—1 min, 4—40% B; 1—3 min, 40—100% B; 3—5 min, 100% B;
6—10 min, 4% B (8). Finally, the column was washed and re-equilibrated
for 6 min. The injected volume was 15 uL. MS/MS parameters used were
as follows: capillary voltage, —3700 V; focusing potential, —200 V;
entrance potential, —10 V; declustering potential, —50 V; nebulizer gas,
10 (arbitrary units); curtain gas, 12 (arbitrary units); collision gas, 5
(arbitrary units); auxiliary gas temperature, 400 °C; auxiliary gas flow rate,
6000 cm®/min. The collision energy for each compound was as published
previously (8). For quantification of phenolic acids, data were collected in
the multiple reaction monitoring (MRM) mode, tracking the transition
of parent and product ions specific for each compound as follows:
3,4-dihydroxyphenylpropionic acid (181/137); caffeic acid (179/135);
ferulic acid (193/134); m- and p-coumaric acids (163/119); 3,4-dihydroxy-
phenylacetic acid (167/123); 3-methoxy-4-hydroxyphenylacetic acid (181/
137); 3-hydroxyphenylacetic acid (151/107); phenylacetic acid (135/91);
protocatechuic acid (153/109); 3- and 4-hydroxybenzoic acids (137/93);
4-hydroxyhippuric acid (194/100); vanillic acid (167/152). A dwell time of
80 ms was used for each MRM transition. Hippuric acid was analyzed by
PAD at 240 nm (8).

Human urine creatinine concentrations were measured by a colori-
metric assay using picric acid (25).

Statistical Analysis. The SPSS Statistical Analysis System, ver. 15.0
(SPSS), was used to perform the statistical analysis. Because the data were
nonparametric (Kolmogorov test) and presented nonhomogeneous vari-
ances (Levene test), the Wilcoxon test for related samples was used to
compare changes in outcome variables in response to (A) both tested meals
at each time period and (B) differences between time periods in each tested
meal. Concentration levels were expressed as means (nmol/mg creatinine) +
standard error of the mean (SEM). Differences with P < 0.05 were
considered to be significant.

RESULTS AND DISCUSSION

In this work we evaluated the excretion of 15 phenolic acids,
which had been described in the microbial degradation pathway
of flavanols and is well-known in the literature (/0—13, 18, 26).
The effect of milk on the urinary excretion of microbial-derived
phenolic acids after 40 g of cocoa powder consumed with 250 mL
of water or 250 mL of whole milk is presented in Figure 1. Of the
15 studied phenolic acids, 9 showed significant differences as a
function of the consumption of CW or CM (Figure 1 and Table 1).
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Figure 1. Urinary excretion (mean = SEM) of the nine phenolic acids significantly affected by the consumption of cocoa powder with water or with milk. Bars
with an asterisk are significantly different (P < 0.05; Wilcoxon’s test; n = 21) in the same time period.
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Table 1. Urinary Excretion of Phenolic Acid Metabolites after Consumption of Cocoa Powder with 250 mL of Water or Cocoa Powder with 250 mL of Milk?

cocoa powder with water (nmol/mg of creatinine)

cocoa powder with milk (nmol/mg of creatinine)

phenolic acid baseline 0—6h 6—12h 12—24 h baseline 0—6h 6—12h 12—24h
hydroxyphenylpropionic acids
3,4-dihydroxyphenylpropionic 596+107a 16.84+281b 7.92+149a 6.62+167a 3.37+0.96a 169+4.00b 519+1.17a 81+121c
acid
hydroxyphenylacetic acids
3,4-dihydroxyphenylacetic acid 0.84+011ac 155+025b 160+037bc 089+017a 056+0.15a 0.38+0.10a 0.38+0.05a 045+0.10a
3-methoxy-4-hydroxyphenylacetic 4.37 +£0.50a  7.67+1.05ab 11.30+1.63b 845+094a 3.99+031a 6.95+057b  9.30+0.74b  8.05+1.15Db
acid
3-hydroxyphenylacetic acid 3.45+0.73a 525+204a 7.34+223a 10.1+£342b 3.70+1.16ab 171+£023a 412+062b 736+1.61b

phenylacetic acid
hydroxybenzoic acids

91.35+11.36a 163.77+22.10b 71.90+14.78ac

58.85+11.94c 91.80+14.34ab 167.72+23.80a 116.64 +£24.47b 81.37 £7.83b

protocatechuic acid 433+£0.77a 11.07+1.19b  558+097a 505+099a 290+0.65a 8.88+220b  3.36+0.69a 5.18+092c
4-hydroxybenzoic acid 302+020a 6.39+0.66b 4.60+085a 416+084a 210+040a 292+047a 256+058a 3.01+£097a
3-hydroxybenzoic acid 0.11+0.03a  024+0.03b  056+024abc 0.55+0.17c 0.18+0.10a 025+041a 041+026a 0.60+0.28b
4-hydroxyhippuric acid 126+0.20a 3.13+060b  251+050b 244+£051b 121+044ab 087+012a 1.76+£0.30b 1.39+0.33a
hippuric acid 73.05+6.35a 193.16 £27.89b 156.14 +21.93bc 126.55+18.00c 3543+8.32a  97.92+12.15b 100.62 4 18.63b 122.82 + 18.83b
vanillic acid 041+024a 596+115b  229+0.74c 1.49+041c 043+0.15a 985+127b  6.88+140b 267+1.26¢C
hydroxycinnamic acids
caffeic acid 0.19+0.05a  040+0.08b  052+0.10b 054+011b 029+0.09abc 0224+0.04a 0.15+£0.09b  0.36+£0.09¢c
ferulic acid 1.72+052a  462+148a 1072+197b  1235+207b 3.27+149ab  0.39+0.06a 373+1.03b  2.31+£057b

0.004£0.001a 0.009 4 0.003b 0.004 £0.002a
0.007+0.001a 0.024+0.006a 0.100+0.060a

p-coumaric acid
m-coumaric acid

0.005 +0.002a 0.004 £0.001a
0.014 4 0.007a 0.007 +0.003 a

0.007 +0.002b 0.003 £0.001a 0.004 +0.002a
0.0064+0.006a 0.040+0.015a 0.013+0.004a

2 All values are means 4= SEMs; n = 21. Values in the same row and in the same intervention with different letters are significantly different, P < 0.05 (Wilcoxon’s test).

With respect to the group of hydroxyphenylacetic acids, their
colonic formation could occur mainly from the direct degrada-
tion of procyanidins (/3). Among the group of hydroxyphenyl-
acetic acids, 3,4-dihydroxyphenylacetic and phenylacetic acids
showed significant changes as a function of the food matrix.
Significantly lower levels of 3,4-dihydroxyphenylacetic acid were
observed after CM when compared with CW in all of the urine
fractions after intake. The major differences (~76%) were
observed at 0—6 and 6—12 h fractions, and a lower difference
(49%) was also observed at 12—24 h (Figure 1). Therefore, these
results showed different excretion kinetics for this compound
between the two intakes, with no increase in the excretion when
CM was taken but increasing at 0—6 h and remaining constant
up to 12 h after the consumption of CW (Table 1). This could
mean that procyanidins from CW could be bioavailable for the
intestinal microbiota, but not from CM, and degraded easily and
rapidly, forming the 3.4-dihydroxyphenylacetic acid.

The excretion of phenylacetic acid showed a matrix effect in the
last time period (12—24 h), although the same tendency was also
observed at 6—12 h but was not statistically significant. Contrary
to other hydroxyphenylacetic acids, its excretion at 12—24 h was
significantly incremented at around 38% when volunteers con-
sumed CM with respect those who consumed CW (Figure 1). Due
to the major urinary excretion after CM, we could hypothesize
that phenylacetic acid could come from cocoa phenylalanine, at
least partially. During the roasting of cocoa there is a formation
of biogenic amines (phenylethylamine) from cocoa amino acids
(phenylalanine) (27). This phenylethylamine after CM could be
absorbed more easily and rapidly than after CW. In the liver,
phenylethylamine is oxidized by aldehyde dehydrogenase and
aldehyde oxidase, producing phenylacetaldehyde, which is
mainly metabolized to phenylacetic acid (28).

For the remaining hydroxyphenylacetic acids, such as 3-meth-
oxy-4-hydroxyphenylacetic acid and 3-hydroxyphenylacetic acid,
no significant changes were observed between the consumptions
of CW or CM, although the same kinetic tendency was observed
(Table 1).

With respect to hydroxybenzoic acids, the urinary levels of
protocatechuic, 4-hydroxybenzoic, 4-hydroxyhippuric, hippuric,
and vanillic acids were significantly affected by the matrix.

The formation of protocatechuic acid has been described through
p-oxidation of 3,4-dihydroxyphenylpropionic acid (/2) or
through o-oxidation of 3,4-dihydroxyphenylacetic acid (18). A
similar kinetic pattern was observed for protocatechuic acid in
both intakes, reaching the maximum concentration at 0—6 h
(Figure 1). Moreover, protocatechuic acid excretion was affected
by milk intake similar to the 3.4-dihydroxyphenylacetic acid.
These data also suggest that although the microbial degradation
pathway has been partially elucidated, the exact origin of certain
specific phenolic acids such as protocatechuic acid remains to be
studied. Lower levels of protocatechuic acid were observed after
CM when compared with CW at 0—6 and 6—12 h periods (20 and
40%, respectively), whereas no significant differences were
detected in the 12—24 h period. Concentrations of protocatechuic
acid showed a significant increase in excretion at 0—6 h with CW,
but with CM significant increases occurred at 0—6 and 12—24 h.

Microbial dehydroxylation of protocatechuic acid could
give rise to 4-hydroxybenzoic acid derivative that may undergo
glycination in the liver and kidney being converted into
4-hydroxyhippuric acid (/2). Both 4-hydroxybenzoic and
4-hydroxyhippuric acids showed lower excretion after CM when
compared with CW in all of the collected fractions (from 28 to
72% of diminution) (Figure 1 and Table 1). When their kinetic
patterns were taken into account, the excretion of both com-
pounds did not vary in the time when CM was taken. However,
variations in excretion were observed for 4-hydroxybenzoic acid
when CW was consumed, reaching the maximum concentration
at 0—6 h. Higher levels of 4-hydroxyhippuric acid were observed
in all urine fractions after CW when compared with baseline.
Both compounds, 4-hydroxybenzoic and 4-hydroxyhippuric,
have been previously reported to arise from the microbial
degradation of procyanidin dimer B3 in rats (/2). Particularly,
4-hydroxybenzoic acid has also been detected after the admini-
stration of wine powder, catechin, and dimer B3 diets to
rats (12, 26).

The excretion of hippuric acid, which is most likely derived
from the glycination of benzoic acid, was also diminished by the
milk. The maximum difference between CM and CW was seen at
0—6 h (49% of diminution after CM), followed by a 36% of
diminution at 6—12 h, whereas there was no significant difference
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at 12—24 h. This implies that the difference in excretion of
hippuric acid between CM and CW decreased over time and
was less affected by milk as its metabolism progressed. Urinary
excretion of hippuric acid has been associated with the microbial
degradation of many phenolic compounds such as hydroxy-
cinnamic acids (29) or flavanoids present in foods such as black
or green tea (29, 30), wine powder (26), and sorghum bran (37),
and it is also common to the metabolism of other dietary
components, which makes it difficult to pinpoint its origin.

With regard to hydroxycinnamic acids, caffeic acid and its
methylated derivative (ferulic acid) arising from its subsequent
liver metabolism were excreted to a lesser extent after CM than
after CW. This behavior was observed in all collected urine
fractions, representing 50% (mean value) and 80% (mean value)
of diminution for caffeic acid and ferulic acid, respectively
(Figure 1). As could be observed from Table 1 and Figure 1, the
increment in concentration found in the last fraction (12—24 h)
for both caffeic and ferulic acids suggested that a longer period of
urine collection was required for their complete excretion. Pre-
viously, Rios et al. (/1) studied the urinary excretion of phenolic
acids after acute consumption of 80 g of chocolate with bread and
water. Similar to our results, they observed a significant increase
of ferulic acid excretion at 9 h after consumption. According to
the flavanol microbial degradation pathway partially elucidated
by several authors (10, 12, 13) and the present results, it could
be proposed that these compounds could come from several
routes of metabolism, which could include dehydrogenation of
3,4-dihydroxyphenylpropionic acid as well as degradation
from other phenolic derivatives present in cocoa powder, such
as chlorogenic acid or N-phenylpropenoyl-L-amino acids (/7).
N-Phenylpropenoyl-L-amino acids are hydroxycinnamic acid
amides of aspartic acid, tyrosine, and 3-hydroxytyrosine (3). In
fact, Rios et al. (/1) proposed that the urinary excretion of ferulic
acid after consumption of chocolate was associated with the
clovamide [(—)-N-[3',4'-dihydroxy-(E)-cinnamoyl]-3-hydroxy-L-
tyrosine] content of cocoa foods.

Whereas a higher global urinary excretion of phenolic acids
was observed with consumed CW, vanillic acid showed an
excretion pattern contrary to those of other metabolites. This
compound was excreted in higher significant amounts after
consumption of CM at 0—6 and 6—12 h periods when compared
with CW. This result could mean that liposoluble vanillin, when
ingested with CM, could be absorbed more easily and rapidly
than after its intake with CW. Vanillin, a flavoring product added
in cocoa preparations (/0, 1), could be oxidized to vanillic acid
by aldehyde oxidase of the liver (32), although it could also arise
from the methylation of protocatechuic acid.

As far as we know, little information is available concerning
studies about the effect of milk in the production of phenolic acids
by colonic microbiota after polyphenol-rich food consumption.
Recently, Serafini et al. (33) studied the effect of milk on the
plasma antioxidant capacity and on the plasma levels of ferulic
and caffeic acids after the consumption of 200 g of blueberries
with 200 mL of water or with 200 mL of whole milk in human
volunteers. They observed enhanced plasmatic concentration of
caffeic and ferulic acids when blueberries were consumed with
water, whereas no increase in plasma antioxidant capacity and
reduced plasmatic levels of these metabolites were observed when
consumed with milk (33). There is some controversy about the
effect of milk on the plasma antioxidant capacity as Lotito et
al. (34) have reviewed in 2006. It has been suggested that in whole
milk, with a higher fat content than skimmed milk, polypeptide
chains are located around the fat globule membrane, which
promotes their linkage with phenolic compounds (33, 35) and
probably causes the decrease of accessibility by the colonic
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microbiota and therefore their degradation. Also, recently the
same behavior was observed with yogurt. Roowi et al. (36)
determined the excretion of 9 phenolic acids after the consump-
tion of orange juice with and without natural fat yogurt,
5 of which were associated with orange juice consumption
(3-hydroxyphenylacetic acid, 3-hydroxyphenylhydracrylic acid,
dihydroferulic acid, 3-methoxy-4-hydroxyphenylhydracrylic acid,
and 3-hydroxyhippuric). The 24 h excretion of these 5 phenolic
acids diminished from 62 £ 18 t0 9.3 & 4.4 umol when orange juice
was ingested with yogurt.

In conclusion, among the 15 studied compounds, the excretion
of 9 phenolic acids was significantly affected by the matrix in
which the cocoa powder was dissolved (water or milk). According
to the results, these 9 phenolic acids can be distributed in two
groups: (1) positively affected by milk intake, vanillic acid and
phenylacetic acid; and (2) negatively affected by milk intake, (2a)
3,4-dihydroxyphenylacetic acid, protocatechuic acid, 4-hydroxy-
benzoic acid, 4-hydroxyhippuric acid, and hippuric acid, and (2b)
caffeic and ferulic acids probably related to the metabolism of
hydroxycinnamic acid amides present in cocoa products as well as
to other compounds. These results showed that milk had a partial
effect on the phenolic acid excretion profile after the consumption
of cocoa powder.

ABBREVIATIONS USED

PAD, photodiode array detector; MRM, multiple reaction
monitoring; CM, cocoa with milk; CW, cocoa with water.

SAFETY

Guidelines for work with organic solvents and acids were
respected. Universal precautions for the handling of chemicals
and fluids were applied.
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