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ABSTRACT

Objective. Coffee consumption is negatively associated witk of type 2 diabetes and
cardiovascular mortality. Coffee roasting can dyeamnodify the quality-quantitative
characteristics of bioactive compounds. We compdnedeffects of two different roasting
intensities of the same naturally low-caffeine Acabcoffee variety l(aurina), on glucose
and lipid metabolism as well as oxidative stress.

Research Methods & Procedures. We performed a double-blind, crossover intenamti
study. 14 healthy male volunteers consumed 4 capsfl Light Roasted Coffee (LRC) and
Dark Roasted Coffee (DRC) for one-week (intervemfperiod 1 and 2 respectively). One-
week washout, with total abstinence from coffee atier possible caffeine sources, preceded
each interventions. Data were collected at theoémeashout and intervention periods.
Results. Changes between washout and intervention penogdhkicose concentrations at 2-h
post-OGTT, were significantly lower following DR@an LRC intake (-0.6+0.3 and 0.4+0.3
mmol/l, p<0.03). Changes {kcell function, assessed as insulin secretion-geitgiindex-2
(ISS12), were significantly greater following DR®@an LRC (34.7+25.0 and -18.8+21.0,
p=0.03). The initial (30 minutes) post-OGTT AUC gilicagon-like peptide-1 was 24+9%
greater (p=0.03) after DRC than LRC. LRC or DRC mhd affect insulin sensitivity. Changes
from basal of reduced-to-oxidized glutathione ra(l6SH/GSSG) in erythrocytes were
significantly greater after DRC than LRC (+1437+3id -152+30, p<0.05). The omega-3
index in erythrocyte membranes was 16+4% greated.(Q®1) after DRC than LRC.
Conclusions. DRC consumption improved post-load glucose méistino by increasing
incretin and insulin secretions. DRC compared t&LiRproved redox balance and increased

omega-3 fatty acids. Thus, we suggest greater oktdienefits related to DRC.
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INTRODUCTION

Coffee is one of the most widely consumed beveragdise world. Several epidemiological
studies have shown clear associations between ecofiéake and reduced risk for
cardiovascular and all-cause mortality [1]. Otheidges have underlined the potential role of
coffee consumption in reducing the risk of typei@betes mellitus (T2DM), characterized by
an ever-increasing prevalence. Prospective studigbfferent countries and meta-analyses
have shown an inverse dose-dependent correlatiwrebe long-term consumption of coffee,
both regular and decaffeinated, and T2DM risk [2E8)en though some studies have shown
that caffeine acutely increases blood glucose amledses insulin sensitivity [10-13], long-
term caffeine intake has positive metabolic effestgh as increased secretion from adipocyte
of adiponectin, a hormone with insulin sensitizipgperties. [15]. Coffee, both with or
without caffeine, contributes also to the postprahithsulin secretion by acutely stimulating
the release of glucagon-like peptide-1 (GLP-1),irmretin secreted by the small intestine,
[24, 25], furthermore, coffee contains over a tlamas bioactive antioxidant substances,
making this beverage a major dietary antioxidampsiar in western countries [16]. Among
coffee components, chlorogenic acid (GCA), melaimgidquinides and N-methylpyridinium
(NMP) have clearly shown the potential to affectagise and insulin metabolism [17-23].

The roasting process has relevant effects on thguwe content of coffee biochemicals. Green
beans and light roasted coffee (LRC) have a higiterd of CGA and trigonelline. These
compounds directly improved insulin sensitivity asetretion, as well as glucose uptake, in
experimental conditions. With roasting, the concatian of CGA and trigonelline decreases,
while that of quinides, NMP and melanoidins, prasthdy Maillard reaction, increases [26].
These changes have been shown to influence thexalsnt capacity of coffee and its impact
on physiological systems. The high antioxidant capaof dark roasted coffee (DRC) has

been especially associated with its melanoidin BMP content [27]. The gastrointestinal
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tract is the major site of melanoidin antioxidamti@n. Dietary melanoidins have been
demonstrated to reduce the formation of lipid hpéroxides and advanced lipid oxidation
end products during meal digestion [18]. NMP hasnbshown to control oxidative stress
through induction of the nuclear factor E2-relafi@ctor 2 (Nrf2) and the antioxidant response
element (ARE) pathway [22]. The effects of quinidesl NMP on glucose metabolism have
been poorly investigated in humans. NMP promotedage uptake in vitro, while quinides
improved insulin action in rats [20, 23].

Principal aim of the present study was to compaee d¢ffects of two different roasting
intensities of the same naturally low-caffeine Acabcoffee variety l(aurina), on glucose
and lipid metabolism and oxidative stress in hgalthlunteers. We used a crossover, double-
blind experimental design. Subjects underwent tarmsecutive study phases, each one lasting
two weeks and each inclusive of one-week washollbwed by one-week intervention
period, with the intake of LRC (intervention 1) aBbdRC (intervention 2) products, as 4

cups/day of espresso coffee per day.
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METHODS

Study participants and design

Fourteen healthy male volunteers were recruited 8832 y; BMI 25.0+0.4 kg/f) according

to the following inclusion criteria: habitual coffedrinker, absence of chronic and acute
illnesses, no pharmacological treatment and no sigokabits. A physician confirmed the
health conditions of the participants through a plate medical history and physical
examination. The study was approved by the Natigtlaics Committee of Slovenia. All the
participants signed an informed consent. Measurtsneare performed at the Institute for
Kinesiology of the Primorska University (Koper, $mia). As reported elsewhere, during
long-term consumption of different coffee produetsample size lower than that used in the
present study provided 90% power in detecting difiees in glucose and lipid metabolism,
with a probability of 0.05 [13, 14].

Before the study, an expert dietitian assessechgeand physical activity habits of each
participant. To minimize potential individual lifigte confounding variables, subjects were
asked to followed some simple rules including: egn of caffeine containing foods and
drinks, besides the test-coffees, and decaffeinetdie; maintenance of habitual exercise
levels and eating pattern; avoidance of nutrienppkments, herbal products, and
medications; and daily compilation of food and eis¥ logs, checked weekly by the
dietitian.

The study lasted four weeks and was organized @sulle-blind, crossover intervention,
inclusive of two subsequent phases. Each phasdvetv@a washout period of 7-days, during
which the participants abstained from drinking @offee or caffeinated products, followed
by an intervention period (7-days), during whictbjsegts drank 4 espresso coffees/day (at
breakfast, midmorning, after lunch and in the afb@n), first as LRC and then as DRC

(Figure 1).
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All LRCs and DRCs used in the study came from #aes green coffee batch. Before each
intervention period, subjects were provided witleafic coffee capsules, filled with the
coffee type matched to the study phake.standardize the brewing process, all particgpant
received the samespresso coffee machine (X7.1 IPERESPRESSO, illycaffe sSpaeste,

Italia) and were instructed on its proper use.
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Coffee characteristics

The coffee products were obtained fronCaffea Arabica variety known ad.aurina (or
Bourbon Pointu), characterized by a lower content of caffeinentlmher Coffea Arabica
varieties. Green coffee beans were roasted at iff@yant intensities, as determined by color
measurement (Colorette 3B, Probat): LRC (color B08#J.) and DRC (color 82+3 A.U.).
Bioactive compound content in LRCs and DRCs (Tal)e including quinolactones
(measured as 5-O-caffeoyl-epiguinide) were measured as previously describedd@J

NMP and niacin levels were determined by 1H-NucMagnetic Resonance. Coffee samples
were prepared by adding 50uL of@ containing 3-trimethylsilyl-[2,2,3,3-24H propionate
as chemical shift reference, to 500uL of beverage bmm precision glass NMR tubes (535-
pp,Wilmad). A Bruker Avance DMX600 spectrometer @iRistetten, Germany), operating at
599.90 MHz for 1H and equipped with a 5 mm TXI xyiple gradient probe, was used for
quantification (expressed as molar ratio with dag

The coffee component descriptive profiles (Table®) RCs and DRCs were carried out in
duplicate, in a sensory laboratory, designed iromance with 1ISO8589, using a consensus
vocabulary, by a panel of eight experts. Scoreg) (fdom testing evaluation were statistically
processed (Fizz Network 2.31G Biosystem, Couterrienance). The two products were
described as being significantly (ANOVA) differefdr 8, out of 11, taste and flavor
attributes.

Metabolic assessment

An OGTT was performed at the end of each washadifrgervention periods in study phases
1 and 2. In the morning of the test day, a cathste positioned in a forearm vein for blood
drawing. Blood samples were collected in the pbsbgtive state -30min, -15min and
immediately before the glucose load. Then, eaclestibeceived 75g of glucose dissolved in

300 ml of water. Post-load blood samples were ctdtkat 30, 60, 90 and 120min in EDTA
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tubes and immediately centrifuged (3000g, 4°C)lidrminutes. Plasma, red blood cells and
serum were collected, treated in accordance tdiffexrent analytical protocols and stored at -
80°C, until measurements.

Analyses and calculations

Glucose, insulin and GLP-1 plasma concentrationsevaetermined in the post-absorptive
state and during OGTT. Glucose and insulin werdyaed by standard procedures in a
certified external laboratory (Synlab Italia Sdaly). GLP-1 levels were determined by a
commercially available ELISA kit (TemaRicerca, Bgha, Italia). Insulin resistance in the
post-absorptive state was measured by the HOMA:HR, HOMA-IR=(fasting-glucose x
fasting-insulin/22.5) [30]. The trapezoid methodswased to calculate AUC for glucose,
insulin and GLP-1 during 120min post-OGTT [30]. lgapost-OGTT levels of glucose,
insulin and GLP-1 were assessed through calculafi@dmin post-OGTT AUC [31]. Insulin
sensitivity was calculated with the Matsuda ind&oérr) [32], a measure of whole-body
insulin sensitivity, validated against the euglyoaehyperinsulinaemic clamp, as follows:
ISocTr=[10000A/(fasting-glucose x fasting-insulin x average~-insulin x averagssrr
glucose)]; Insulin sensitivity was also determinasl ratio between 120min post-OGTT
AUCinsuin and AUGyiucose[30]. B-cell function during OGTT was assessed with theulin
secretion-sensitivity index-2 as follows: ISSI-25{&rr XAUCinsui/ AUCgiucosd [30, 33]. The
other biochemical indices were measured in the-glsbrptive stateddiponectin levels were
determined using a commercial ELISA kit (BioVenddmab. Med. Inc., Brno, Czech
Republic). Total and HDL cholesterol and triglyceriplasma levels were assessed with
standard methods by a certified external laborai®yylab Italia Srl, Italy). Homocysteine, 5-
oxoproline and amino acid concentrations were assedy gas-chromatography mass-
spectrometry (GC-MS, HP5890, Agilent Technologi®anta Clara, CA), using the internal

standard technique, as previously described [3}4,RRB each compound, a known amount of
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stable isotope (Cambridge Isotope Laboratories) adaked as internal standard to a known
volume of plasma. Silylated derivatives were meaguwmnder electron-impact ionization by
selective ion monitoring. Total glutathione coneatibns in erythrocytes were evaluated by
GC-MS using the internal standard technique asiqusly described [36]. The GSH/GSSG
ratio in erythrocytes was determined by a commbyciavailable kit (Prodotti Gianni,
Milano, Italia) [36]. The relative fatty acid (FAJontents in erythrocyte membranes were
determined by gas-chromatography flame-ionizatietection (GC-FID; GC6850 Agilent
Technologies, Santa Clara, CA, USA), as previousported [37]. Red blood cell membrane
levels of FAs were expressed as percent ratio leetwéJC of each FA peak and the sum of
all FA peaksA-5 andA-9 desaturase indices (arachidonic/dihoydmolenic acid ratio and
oleic/stearic acid ratio respectively, in erythrecymembranes) are markers of insulin
sensitivity. The omega-3 index is a marker of aardscular risk, defined as sum of
eicosapentaenoic (EPA) and docosahexaenoic (DHA3 &t erythrocyte membranes.

Body weight and composition. At the end of each washout and intervention perfmmty

weight was recorded and body composition was medsoy a mono-frequency bioelectrical
impedance apparatus and its software (BIA101 aritiv@ee Bodygram®, Akernsrl, Firenze,
Italy).

Satistics

Data are reported as meantSEM. In order to evaloatiee effects and coffeexroasting
interactions, we have used repeated measures AN@YANCOVA, where appropriate
(washout values were used as covariates). Whemethéts of coffeexroasting interactions
were significant (80.05), the changes induced by the coffee produstajuated as the
difference between the values obtained at the étltkantervention and the washout periods

(delta values), were assessed through pdirabt. Values were logarithmically transformed
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170  performed using SPSS software (v12; SPSS, Inccaghbi IL).
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RESULTS

All participants were compliant to the study. Baslgight and composition, as expected, did
not change significantly throughout the protocal§le 3).

As shown in Table 4, fasting glucose, insulin andP& concentrations and HOMA-IR did
not change significantly after the coffee intakegds.

Following OGTT, we found significant coffeexroasgtimteraction on glucose concentrations
at 120min post OGTT. Changes in the 2h post OGTi€age values (Figure 2A), comparing
basal with the intervention periods, were signiiiitalower after DRC intake than after LRC
(-0.6£0.3 and 0.4+0.3 mmol/l, p<0.03, Student mhiretest). Furthermore there was
significant coffeexroasting interaction on deltaages from fasting values of glucose
concentrations. The early (30min) and the totaD(ii&) post-OGTT AUC of plasma glucose
and insulin (Figure 2A and B) and the post-OGTT kaabof insulin sensitivity (IScT1) were
not significantly modified by the coffee differemasting intensities.

There was a significant coffeexroasting interactamn ISSI2, an index of-cell insulin
secretion-sensitivity. Absolute delta values o$tinidex, calculated after DRC administration,
were significantly greater than those observedr afRC intake (34.7+25.0 and -18.8+21.0,
p=0.03, Student paired t-test).

During OGTT, in all conditions (washout and intamtien periods), GLP-1 plasma
concentrations, at 30min increased by 5-6 timedasing values and after 60min, decreased
toward basal values. GLP-1 values at 30min werkiented by both coffee intake and
roasting intensity (Figure 2C). One week of DRCn#igantly increased (5+2%) GLP-1
concentrations (p<0.02, paired Student t-test Bithferroni correction), similarly a week of
LRC increased this incretin concentration but nghificantly. At 30min post-OGTT, there

was also significant coffegoasting interaction on delta changes from theirfgsGLP-1

values. Furthermore there were significant cofffeces and coffegroasting interaction on
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early (30min) post-OGTT AUC of GLP-1. Coffee admstnation at different roasting degree
did not significantly changed total (120min) postOT AUC of GLP-1.

The effects of LRC and DRC consumption, on glutaiki availability and redox status in
erythrocytes are shown in Table 5. Coffee consumptsignificantly increased total
glutathione concentrations in erythrocytes, withawignificant coffeeroasting interaction,
which resulted significant for the GSH/GSSG rafibsolute delta values of the GSH/GSSG
ratio after DRC administration were significantlsegter than those observed after the intake
of LRC (1437+£371 and -152+30, p<0.05, Student phireest). There were neither coffee nor
coffeexroasting interaction effects on 5-oxoproliplasma concentrations, a precursor of
glutamic acid in they-glutamyl cycle. However, we found a significantffeexroasting
interaction on the 5-oxoproline-to-glutamate rdfi@able 5). Delta changes between washout
and intervention periods of this ratio were sigrfitly greater following DRC than LRC. No
changes were observed in the plasma lipid profigble 5).

The effects of LRC and DRC on adiponectin plasmelgeare shown in Table 5. Coffee
consumption significantly increased adiponectin cemtrations, with no coffeeoasting
interaction. Adiponectin concentrations increasgd~11+2% after both LRC and DRC
intake. C-reactive protein (CRP) concentrations ritl change significantly throughout the
study. Table 6 shows the effects of LRC and DRCptasma amino acids. There was a
significant coffeeroasting interaction on both cysteine and homoaysteplasma
concentrations, which were significantly greatee@DRC than LRC consumption. The other
amino acid plasma levels were not influenced hyegiinterventions.

The effects of LRC and DRC on fatty acid relativenposition in red blood cell membranes
are shown in Table 7. There was a significant exffeasting interaction effect on
erythrocyte membrane content for: DHA, the sumhef ineasured n-3 polyunsaturated fatty

acids (PUFA) and the omega-3 index. The sum ofRUJEAs, DHA concentration and the
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222 omega-3 index in erythrocytes were significantighar after DRC than LRC intake, while no
223 significant changes were observed for other mengbFaks.
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DISCUSSION

Epidemiological studies have shown that long-tdmahitual coffee consumption reduces the
risk of T2DM [2-9]. Nonetheless, the mechanismssath association are not well defined
[17]. Caffeine acutely increases glucose levels-13]) while it may improve insulin
sensitivity in long-term studies [38]. Besides eaft, coffee contains a mixture of bioactive
compounds, with antioxidant and/or glucose metaboliegulating properties, whose levels
are influenced by the roasting process [16]. Chsirigeroasting intensity may modify the
glucoregulatory and antioxidant coffee effects. peaform the present study, we selected a
naturally low-caffeineLaurina coffee variety, to preserve taste and functiorfédces of
caffeine while, at the same time, minimizing undasie properties. In our study, caffeine
amount was equivalent in both products (TableHg,dbserved different effects between the
two coffees products can be therefore attributedotmsting related changes in bioactive
compounds other than caffeine.

Our results indicate a strong association betweR@ htake and improved post-load glucose
metabolism, as shown by lower glucose concentrationcreased insulinogenic index and
enhanced early secretion of GLP-1. In agreemerit prievious observations [8], coffee had
no effects on fasting glucose metabolism.

Early GLP-1 response during the first 30 minutdsradral glucose intake may be selectively
altered in non-obese subjects with impaired gludo¢erance [31]. This suggests that the
rapidity of GLP-1 response to oral glucose may bmykd in pre-diabetic conditions, that
may lead to a defective insulin secretion. In cudg, one-week of DRC intake enhanced
initial post-OGTT GLP-1 secretion, possibly causihg observed increased insulin secretion
and decreased glycaemia. The acute effects offeetaied coffee on glucose mediated GLP-
1 secretion have been previously described [24, \B&] underline that in our study coffee-

induced changes in OGTT response were observedstt12 hours after the intake of the last
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coffee. This suggests an adaptive metabolic mesitatd a prolonged coffee consumption,
rather than an acute response and may explainatitgable association between long-term
coffee intake and T2DM prevention.

Thus, the improved postprandial glucose metabolassaociated with DRC consumption, was
accounted by an enhanced insulin secretion ratlaer an improved insulin sensitivity. This is
confirmed by the observation that fasting HOMA-IRdapost-load indices of insulin
sensitivity (I9etr and AUGhsuin-to-AUCyiucoselatio) were not significantly affected by coffee
ingestion.

Several cross-sectional studies have tested thoxiagens between a long-term intake of
different types of caffeinated or decaffeinatedf@e$ and indices of insulin secretion and
sensitivity [40, 41] in subjects both healthy otlwimpaired glucose tolerance. While nearly
all studies observed beneficial effects on posttigh/caemia, results point to mechanisms
other than insulin secretion or sensitivity [17, 28-25, 40, 41], related to differences in
coffee composition and roasting degree. In ourysiubile caffeine content was equivalent
both in DRC and LRC, the proportions of quinidesrived from CGA, and NMP, derived
from trigonelline, were, as expected, much higineDRC. Evidences in vitro and in animal
models clearly showed that quinides and NMP diyectfluence glucose metabolism [20,
23]. Quinides seem to inhibit the adenosine mentaansport systems, thus decreasing
adenosine uptake and increasing its extracellidael$ [42]. Therefore quinides could
contribute to counteract the caffeine pleiotropfte@ mediated by adenosine activity
competition [42]. In the islets of Langerhans, eased extra-cellular adenosine levels may
stimulate insulin secretion as well gsell proliferation and survival, through activatiof
the Al adenosine receptors [43, 44]. We hypothesiag in our study, DRC intake may

have, at least in part, enhanced glucose-mediasetin secretion through this mechanism.
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Beneficial coffee effects have been also relatethéowell-known antioxidant activity of its
bioactive compounds. Several factors [45-47] howewan influence this effect. With
roasting, the concentrations of different phena@amnpounds, including CGA, present in
green coffee, are reduced to various extent [26]lenantioxidant properties are maintained
from the higher levels of NMP and melanoidins [48].our study,laurina coffees showed
the expected roasting-induced changes in the digantif the bioactive compound (Table 1).
Both LRC and DRC intake, in agreement with otheds [49], increased the red blood cell
(RBC) total glutathione concentration, the mosevaht antioxidant in the body. It was
suggested that some coffee phenolic compounds nmgrgase GSH concentration through
they-glutamyl-cysteine synthetase activation, the hatéing enzyme in GSH synthesis [50].
Other studies have shown a pronounced antioxid@&attan vivo, with dark roasted, NMP
rich, coffee consumption [27]. Moreover severaklté polyphenols may become part of the
melanoidins, contributing to the preservation ofi@adant content and capacity of DRC,
even after a decrease in the phenolic compoundslg2€]. In our coffee products, the
increased concentration of melanoidins with rogstis evident by the reduction in
colorimetric values [51], as reported in the setbo “coffee characteristics”. Our data show,
as in other studies [49, 52], that DRC specificatigreased the availability of the reduced
form of glutathione, as indicated by the higher GSHISG ratio (Figure 3). In addition, we
have observed changes in plasma concentratioreofigor amino acids involved in the GSH
synthesis. In particular, plasma levels of cysteitiee glutathione key precursor, were
significantly enhanced after a week of DRC intakbile glycine and glutamic acid, the other
two glutathione precursors, showed an increaseowitlachieving statistical significance.
Furthermore, plasma concentration of 5-oxoprolarejntermediate in the-glutamyl cycle,
considered a marker of glutathione catabolism Vo {B5, 53], was significantly reduced in

relation to its product, glutamic acid (Figure 3).
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Homocysteine is synthetized from methionine throughtransmethylation reaction. Its
metabolic fate includes recycling to methioninggugh remethylation, or transulphuration to
cystathionine and ultimately to cysteine (Figure B) parallel to cysteine concentration
changes induced by DRC, we have observed alsgré@ement with other authors, significant
increases in homocysteine plasma levels [52, 5B¢ fechanism of such association is
unknown. However, given the beneficial effects offee intake on cardiovascular mortality
[1] coffee-related increases in homocysteine ledelsot seem to represent a risk factor.

In western countries, coffee-drinking accountsa@ignificant proportion of daily antioxidant
intake [16], however other factors such as physgarcise, nutrition and energy balance can
affect glucose metabolism and oxidative stressuinstudy these variables were standardized
and monitored throughout the washout and intereanpieriods by an expert dietitian, using
food and activity logs, filled daily by the volumetes.

The Omega-3 index, a recently introduced markemrisely related with the cardiovascular
risk [55], was significantly affected by the roasfiintensity. A higher omega-3 index was
significantly associated with DRC consumption immgarison with LRC intake. This is in
accordance with previous evidence showing thatghdri plasma antioxidant capacity is
positively associated with PUFA n-3 concentratiofRBC membranes [56].

In agreement with previous studies, we found timat week of coffee consumption increased
adiponectin plasma concentration [57]. Caffeine, ACGBIMP and other coffee compounds
have the potential to stimulate adiponectin semnetirom adipose tissue. It has been
suggested that this hormone, through modulatianf@mmation and insulin resistance, may
mediate some of the beneficial coffee effects [V8¢ found that roasting intensity did not
significantly affected adiponectin concentrations.

This was a crossover, double-blind interventiorgtiBecause of technical reasons, related to

the manufacturer, we could not follow a randomaatprotocol, however we found no
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significant differences between baseline valuesiobt at the end of each washout period, of
the same length, which preceded both interventeiogs.

In summary DRC, as compared to LRC, both derivedhfnaturally-low caffeind.aurina
coffee, showed positive effects on glucose metabylioxidative stress and cardiovascular
risk markers. In addition, DRC presented more déér organoleptic characteristics (Table

2).
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Abbreviations:

CGA, chlorogenic acid

DRC, dark roasted coffee

FA, fatty acid

GLP-1, glucagon-like peptide-1
GSH, reduced glutathione

GSSG, oxidized glutathione
ISocTT, iNsulin sensitivity index
ISSI12, insulin secretion-sensitivity index-2
LRC, light roasted coffee

NMP, N-methylpyridinium

PUFA, polyunsaturated fatty acids

T2DM, type 2 diabetes mellitus
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Table 1. Daily intake of coffee bioactive compounds

Bioactive compoundg’

Coffee roasting intensity

LRC DRC
Caffeine 197 197
Caffeic acid 1.6 1.2
Ferulic acid 0.4 0.4
Mono-caffeoylquinic acid isomers 430 226
Mono-feruloylquinic acid isomers 42.4 30.0
Di-caffeoylquinic acid isomers 11.2 2.8
Trigonelline 334 191
5-O-caffeoyl-epié-quinide 1.59 2.00
N-methylpyridinium 17.2 35.2
Niacin 10.0 10.9

27

#mg of bioactive compounds in the total volume dfe® drank daily during the intervention
periods; error between 5 - 10%. LRC, light roasteffee; DRC, dark roasted coffee



Table 2 Components of the descriptive profile of coffee.

Descriptive profile | Coffee roasting intensity | _ya)ye?
LRC DRC

Bitter 4.44 5.37 <0.001
Sour 5.71 4.64 <0.001
Sweet 4.69 4.39 0.06
Texture 4.73 5.52 <0.01
Global aroma 5.56 6.12 0.07
Chocolate 2.8 4.04 <0.001
Caramel 2.35 3.08 <0.01
Toasted bread 1.78 2.94 <0.001
Flower/fruit 2.27 1.71 0.06
Burnt 1.31 2.25 <0.05
Global quality 4.61 5.95 <0.05

@p-values (ANOVA). Results are expressed as meacarkes, from 0 to 7, given by a panel
of eight experts. LRC, light roasted coffee; DR@rkdroasted coffee
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Table 3. Effect of Coffea Arabica variety Laurina coffee at different roasting intensity on
body composition and anthropometric data.

Study phase 1 Study phase 2 p-valfie
Washout| LRC |Washout| DRC Coffee | Coffee x roasting
effect intensity
Weight (kg) | 79.8+2.3| 80.1+2.2 80.1+2.2| 79.8+2.2 0.92 0.39
FFM (kg) | 61.6+1.7| 60.9+1.9 62.2+1.5| 61.5+1.5 0.14 0.52
FM (kg) 18.2+1.2| 17.9+1.4 17.9+1.3| 18.3t1.3 0.24 0.50

N=14. Data are expressed as mean + SEAMNOVA or ANCOVA (washout values as
covariates) were used where appropriate. Value® Wy transformed when appropriate.
LRC, light roasted coffee; DRC, dark roasted cqgffdeM, Fat-Free Mass; FM, Fat Mass.



30

Table 4. Effect of Coffea Arabica variety Laurina coffee at different roasting intensity on
glucose metabolism.

Study phase 1 Study phase 2 p-value®
Coffee Coffee x
Washout LRC Washout DRC Roasting
effect . .
intensity
FASTING STATE
Glucose (mmol/L) 5.310.1 5.4+0.1 5.4+0.1 5.5+0.1 060. 0.67
Insulin (pmol/L) 43.2+6.6 41.8+3.5 46.346.1 43.35. 0.80 0.95
GLP-1 (mg/dL) 2.0+0.5 2.3+0.3 2.1+0.4 2.8+0.5 0.18 0.70
Insulin resistance
HOMA-IR 0.6+0.1 0.6+0.01 0.6+0.1 0.6+0.1 0.77 0.88
ORAL GLUCOSE
TOLERANCE TEST
Glucose
120-min concentration| 5.1+0.2 5.6+0.3 5.7+0.4 5.0+£0.2 0.57 <0.02
(mmol/L)
A 120min concentration -0.2+0.2 0.1+0.2 0.3x0.4 -0.4+0.2 0.32 0.03
(mmol/L)
30min AUC 3.240.1 3.310.1 3.310.1 3.440.1 0.20 5.9
120min AUC 13.2+£0.5 12.9+0.6 13.5+0.6 13.1+0.3 10.2 0.67
Insulin
30min AUC 75.9+12.0 78.746.5 82.348.2 94.2+10,9 120. 0.52
120min AUC 502.6+57.3 459.2+38.6 478.4+44. 508% 0.80 0.21
Insulin sensitivity
ISocTT 7.74+£1.04 7.02+0.63 6.78+0.67 6.80+0.57 0.54 0.25
Insulin resistance
AUCnsui/ AUCgucose 37.613.6 36.3+3.3 35.5+3.0 39.0+2.9 0.43 0.26
ratio
[-cell function
ISSI2 261.0£25.9] 242.2+21.2 220.4+13. 255.1+21.5 .700 0.03
GLP-1 response
30min concentration 20.1+3.5 21.9+2.7 21.8+2/8 26.3 0.08 <0.01
A 30min concentration| 18.1+3.2 19.6+2.6 19.7x2.6 24.0£3.C 0.16 0.03
(mg/dL)
30min AUC 5.5+0.9 6.1+0.7 6.0+0.8 7.4+0.9 0.05 040.
120min AUC 38.7+4.3 38.2+3.5 37.443.6 39.3+3.6 70.0 0.29

N=14. Data are expressed as mean =

SEAMNOVA or ANCOVA (washout values as

covariates) were used where appropriate. Value® Wy transformed when appropriate.
LRC, light roasted coffee; DRC, dark roasted cqffeeP-1, glucagon-like peptide-1;d&r,
insulin sensitivity or Matsuda index; 1ISSI2, insuiecretion-sensitivity index-2
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Table 5. Effect of Coffea Arabica variety Laurina coffee at different roasting intensity on
indices of oxidative stress, inflammation and lipid metabolism.

Study phase 1 Study phase 2 p-value®
Coffee Coffee x
Washout LRC Washout DRC roasting
effect . :
intensity
Oxidative stress
Total glutathione|fmol/L RBC) | 2190455 | 2257+57| 2287+63 2326161 0.03 0.47
GSH/GSSG (ratio) 614+202 463117  942+343 2380+714 .140 <0.05
Inflammation
CRP (mg/L) 0.10+£0.03 0.07+0.02 0.27+0.14 0.07+0(02 0.16 0.23
Adiponectin (ug/mL) 6.39+0.69 7.01+0.73 6.79%0.67.40£0.70 0.002 0.98
Lipid metabolism
HDL cholesterol (mg/dL) 58.0+3.9 56.2+3.Y  56.9+4|356.6%4.0 0.30 0.45
LDL cholesterol (mg/dL) 10949 104+7 108+9 103+6 D1 0.90
Triglycerides (mg/dL) 6317 737 6216 6716 0.15 0.45

N=14. Data are expressed as mean

+

SEAMNOVA or ANCOVA (washout values as

covariates) were used where appropriate. Valueg Wag transformed when appropriate.
LRC, light roasted coffee; DRC, dark roasted cqffe8H/GSSG, ratio between reduced and
oxidized glutathione; RBC, red blood cell; CRP ,gagative protein.
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Table 6. Effect of Coffea Arabica variety Laurina coffee at different roasting intensity on
major fatty acids in erythrocyte membranes (%).

Study phase 1 Study phase 2 p-value®
Coffee Coffee x
Washout LRC Washout DRC roasting
effect . .
intensity
Saturated fatty acids
Myristic 14:00 0.25+0.03 0.27+0.02 0.25+0.02 0.2%0 0.70 0.53
Palmitic 16:00 23.0£0.5| 23.9+0.5 22.6x04  22.5+0.5 0.17 0.12
Stearic 18:00 19.5+0.3 19.9+0.83  19.1+0,3 19.1+0.3 .190 0.23
Sum 42.8+0.7| 44.1+0.8§ 42.0£t0.6  41.8+0(7 0.15 0.14
Monounsaturated fatty
acids
Palmitoleic 16:1 n-7 0.23+0.02 0.26+0.01 0.23+0,00.23+0.01 0.40 0.27
Oleic 18:1 n-9 15.6+0.3 16.1+0.3  15.3x0.3 15.3+0.3 0.11 0.15
Elaidic trans 18:1n-9 1.1+0.09 1.2+0.04  1.1+0.02 1+0.02 0.10 0.84
Eicosenoic 20:1n-9 0.32+0.04 0.30+0.02 0.28+0,0127£0.01 0.59 0.70
Sum 17.3+0.3 17.8+0.4 16.9+0.3 16.9+0{3 0.11 0.18
n-3 Polyunsaturated
fatty acids
Eicosapentaenoic 20:5n-3 0.46+0.04 0.43+0.04 0.®3B0 0.52+0.06 0.79 0.26
Docosapentaenoic 22:5n3 2.11+0.10 1.94+0.10 2.2@&t0 2.23+0.10 0.14 0.09
Docosahexaenoic 22:6n-3  4.62+0.25 4.23+0.29 4.23+0.4.88+0.31 0.15 0.04
Sum 7.19+0.33 6.61+0.39 7.49+0.35 7.63+0/42 0.18 050.
n-6 Polyunsaturated
fatty acids
Linoleic 18:2 n6 11.0£0.3 11.1+0.2 11.0£02 10.8t0. 0.64 0.34
Eicosadienoic 20:2n-6 0.28+0.01 0.29+0.01 0.29+0.0.30+0.01 0.10 0.76
g'homo‘y"'”o'e”'c 20:30 1 7440.06| 1.65+0.08 1.83:0.05 1.81#0.05  0.03 0.29
Arachidonic 20:4n-6 15.3+0.5 14.4+0.6 15.8+0/4 16.6 0.22 0.14
Adrenic 22:4n-6 3.6x£0.3 3.310.2 3.8+0.3 3.8£0.2 0.0 0.03
Docosapentaenoic 22:5n6  0.8+0.04 0.9+0(1 0.9+0,08.9+0.04 0.33 0.53
Sum 32.7+0.7| 31.5+0.8 33.6x0.y  33.6x0,7 0.23 0.34
Omega-3 index i
(20:5 n-3 + 22:6 n-3) 5.08t0.26| 4.66+0.33 5.29+0.32 5.40+0.37 0.19 0.04
(Algéﬁensg“/”f;%g;dex 0.80+0.02| 0.81:0.02 0.80:0.02 0.80:0.02  0.68 0.57
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A5-Desaturase index
(20:4 n-6 / 20:3 n-6)

8.86+0.39

8.73+0.40

8.74+0.36 8.9720.1

X

0.54

0.13

N=14. Data are expressed as mean + SEAMNOVA or ANCOVA (washout values as

covariates) were used where appropriate. Value® Wag transformed when appropriate.
LRC, light roasted coffee; DRC, dark roasted cqffee
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Table 7. Effect of Coffea Arabica variety Laurina coffee at different roasting intensity on
plasma amino acids concentrations.

Study phase 1 Study phase 2 p-value®
Plasma Coffee x
amino acid Washout LRC Washout DRC Coffee roasting
1 effect : .

(umolxL ™) intensity
Alanine 379120 382+14 400£22 395+1p 0.93 0.69
Cysteine 554+43 520+42 538+3¢ 590+44 0.63 0.04
Glutamic acid 142+12 12548 13616 13947 0.256 0.12
Glutamine 548+34 518+26 555+32 575+36 0.76 0.10
Glycine 660141 605+36 672+48 678+24 0.47 0.12
Leucine 15318 14316 161+10 167+10 0.7Y 0.18
Methionine 30.3+1.8| 28.4+1.2 324118 34.1+2.7 0.92 0.12
Phenylalanine 73.6+4.9 71.4+4]7 77.5+53 77.9+4.7 .740 0.59
Proline 229+14 245+18 249+14 274121 0.15 0.55
Serine 208+11 194+12 211+17 221+10 0.84 0.39
Threonine 17248 166+7 18248 19248 0.78 0.14
Tyrosine 106+8 1004 10816 11544 0.95 0.09
5-oxoproline 149+14 186120 174418 168+14 0.21 0.14
Homocysteine 20.845.7 20.24#5|8 21.4+6.1 23.1+6.3 140. 0.001
5-oxoproline/glutamate 1.06+0.03 1.54:310.1 1.95+0.09 1.2(;10.0 0.08 <0.02

N=14. Data are expressed as mean *

SEAMNOVA or ANCOVA (washout values as

covariates) were used where appropriate. Value® Wy transformed when appropriate.
LRC, light roasted coffee; DRC, dark roasted cqffee
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Phase 1 Days 0

| LIGHT ROASTED COFFEE

WASHOUT PERIOD 1 7 INTERVENTION PERIOD 1 14
DATA DATA
COLLECTION COLLECTION

Phase 2|Pays 14

DARK ROASTED COFFEE
1 —

WASHOUT PERIOD 2 21 INTERVENTION PERIOD 2 28

DATA DATA
COLLECTION COLLECTION

Figure 1. Study protocol
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Figure 2. Effect of Coffea Arabica variety Laurina coffee at different roasting intensity on
glucose metabolism during OGTT.

Plasma insulin (A), glucose (B) and glucagon-lieptide-1 (GLP-1) (C) concentrations.
--A--: washout period before dark roasted coffee (DRC)—: intervention period with
DRC;

--o--: washout period before light roasted coffee ()RE-e—: intervention period with
LRC.
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Figure 3. Dark roasted coffee (DRC) effects on thgglutamyl cycle.
DRC enhanced the availability of reduced glutatbiofGSH). Glycine, cysteine and
glutamate are direct GSH precursors. Thick-linescate potentially up-regulated metabolic

pathways; thin-lines indicate potentially down-rkged precursors.




HIGHLIGHTS

» Long-term coffee intake modifies glucose metabolism and redox balancein
humans

» Coffee benefits are most likely mediated by compounds other than caffeine

* Roasting intensity modul ates the content of coffee bioactive compounds

» Dark roasted coffee showed greatest metabolic benefits and taste
characteristics



