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The charge properties of melanoidins in high molecular weight (HMw) coffee brew fractions, isolated
by diafiltration and membrane dialysis, were studied. lon exchange chromatography experiments
with the HMw fractions showed that coffee brew melanoidins were negatively charged whereas these
molecules did not expose any positive charge at the pH of coffee brew. Fractions with different ionic
charges were isolated and subsequently characterized by means of the specific extinction coefficient
(Kmix 40snm), Sugar composition, phenolic group content, nitrogen content, and the arabinogalactan
protein (AGP) specific Yariv gel-diffusion assay. The isolated fractions were different in composition
and AGP was found to be present in one of the HMw fractions. The AGP accounted for 6% of the
coffee brew dry matter and had a moderate negative charge, probably caused by the presence of
uronic acids. As the fraction that precipitated with Yariv was brown (Knix 40snm = 1.2), compared to a
white color in the green bean, it was concluded that these AGPs had undergone Maillard reaction
resulting in an AGP—melanoidin complex. The presence of mannose (presumably from galactoman-
nan) indicates the incorporation of galactomannans in the AGP—melanoidin complex. As the uronic
acid content in the more negatively charged melanoidin-rich, AGP-poor HMw fractions decreased, it
was hypothesized that acidic groups are formed or incorporated during melanoidin formation.
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INTRODUCTION (7—13), antioxidative capacity6( 14—16), metal-chelating

Coffee is a popular beverage that is consumed worldwide by Properties (1617), and reactivity in coffee brew (i.e., aging of
many people every day. In 2004, the total coffee consumption coffee) (L8). Thus, melanoidins have been studied in recent years
was estimated to be almost 7 billion kilograms of coffee beans because of their nutritional, biological, and health implications.
(1). Many studies have dealt with coffee in relation to growing Melanoidin chemical structures and properties are very complex
the crop, its composition, and its effects on health. Also, much and largely remain unknown. The complexity of the structure
research is focused on the formation of aroma, taste, and colorof melanoidins is due to the fact that many green coffee bean
during the roasting process. During the roasting of coffee beans,constituents play a role in melanoidin formatiat®j. This is
flavors and colored compounds are formed because of thealso the reason that most research on melanoidins is conducted
Maillard reaction 2) that takes place between carbohydrates or on melanoidins prepared by model systems. To date, three
degraded carbohydrate8)(and proteins 4). Brown-colored proposals for the structure of melanoidins have been suggested
compounds are formed, and these compounds are referred tq20). Structural information obtained from melanoidins prepared
as melanoidins. It has been suggested that, next to the Maillardby model reactions, often heating a reducing sugar and an amino
reaction, autoxidation of polyphenols contributes to the forma- acid, might contribute to understanding what occurs in mel-
tion of melanoidins as well5). These melanoidins make up to  anoidin formation in real foods. However, this structural
25% of a coffee brewe). information is quite limited because the Maillard reaction in

Melanoidins are not only of interest because of their contribu- real foods is far more complicated, since many more possible
tion to color formation but also for their flavor binding properties  reactants are present. As the molecular structure of melanoidins
is largely unknown, these compounds are generically defined
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Coffee beans Isolation of Two High Molecular Weight Coffee Fractions from
90 °C H,0 Coffee Brew. The first high molecular weight fraction of the coffee
extraction, 15 min brew was obtained by diafiltration according to the procedure previously
B"re described Bekedam et al23). The retentate and dialysate were
w lyophilized, yielding a high molecular weight brew fraction (“Brew
diafiltration Brew LMw HMw1") and a fraction with a lower molecular weight (“Brew LMw"),
T (dialysate) respectively (Figure 1).
S The second high molecular weight fraction was obtained from
Jwi LMw defatted Brew LMw by using membrane dialysis. The Brew LMw was
v (waste) dialyzed using a Visking size 9 dialysis membrane with a cutoff of
Brew HMw1 Brew HMw2 12—-14 kDa (Medicell International Ltd, London, United Kingdom) for
(retentate) (retentate)

2 days against running tap water and 1 day against demineralized water

lanim exchange lanion exchange with two water renewals. The retentate of the Brew LMw was

chromatography | chromatography lyophilized, yielding a second high molecular weight brew fraction
(“Brew HMw2") (Figure 1).
HI1A1-H1A6  H2AL-H2A6 Anion Exchange Chromatography of the High Molecular Weight

Coffee Fractions.Anion exchange chromatography was performed on
a5-mL HiTrap Q Fast-Flow column (Amersham Biosciences, Uppsala,
Sweden) using an KTA Purifier system (Amersham Pharmacia

Yariv
precipitation
v

HMw1 AGP Biotech, Uppsala, Sweden). The absorbance of the eluate was measured
& at 280, 325, and 405 nm using the UV-900 detector. Three eluents
HMw1 AGP-free . . .
were used: (A) 5 mM NaOAc, pH 5.1; (B) 2 M NaOAc, pH 5.1; and
Figure 1. Scheme for the isolation of various melanoidin coffee fractions (C) 2 M NaCl in 5 mM NaOAc, pH 5.1. Samples were dissolved in
from roasted Arabica coffee beans. eluent A (25 mg/mL), and 500L was applied onto the column at a

flow rate of 4 mL/min. The elution profile consisted of 75 mL isocratic

As many possible structures for melanoidins might occur elution with eluent A, in 0.75 mL to 15% eluent B followed by 50 mL
within coffee, it is interesting to determine whether melanoidins isocratic elution, in 0.75 mL to 30% eluent B followed by 50 mL
possess charged groups, since this could affect their physicalisocratic elution, in 3.5 mL to 100% eluent B followed by 50 mL
behav|0r |n Coffee breW However’ On|y ||m|ted atten“on has ?SOCrat'iC eIUt.iOn,'in 7.5 mL back to 100% eluent A followed by 35 mL
been given to the possible charge aspects of melanoidins fromisocratic elution, in 2.5 mL to 50% eluent C followed by 50 mL isocratic
coffee. Tomlinson et al. (23) have shown, using capillary zone elution, in 2.5 mL to 100% eluent C followed by 50 mL isocratic

. L - elution. The column was regenerated by elution with 0.5 M NaOH (50
electrophoresis, that melanoidins generated by the reaction ome)‘ eluent B (100 mL), and eluent A (100 mL).

5-hydroxymethylfurfural with glycine possess a partially anionic i .

. Cation Exchange Chromatography of the High Molecular
cha}ractler. Mqrit reC(fafntIy, Mtorgltlas |(24) showgd that .hlg.h Weight Coffee Fractions. Cation exchange chromatography was
molecular weignt coliee material also showed an anionic performed on a 5-mL HiTrap SP Fast-Flow column (Amersham
character. The high molecular weight coffee melanoidins gjosciences, Uppsala, Sweden) using aKTA Purifier system

fraction is rich in carbohydrates (22), and in green coffee beans, (amersham Pharmacia Biotech, Uppsala, Sweden). The absorbance of
the most abundant carbohydrates are cellulose, galactomannanshe eluate was measured at 280, 325, and 405 nm using the UV-900
and arabinogalactan type 2%). Redgwell et al.Z6) reported detector. Two eluents were used: (A) 5 mM NaOAc, pH 5.1, and (B)
that these arabinogalactans type Il (arabinogalactan proteins)l M NaClin 5 mM NaOAc, pH 5.1. Samples were dissolved in eluent

are acidic in the cell wall of coffee beans. A (12.5 mg/mL) and 5@.L was applied onto the column at a flow rate
charge properties of coffee melanoidins. Coffee brew melanoidin With €luent A, in 5 mL to 100% eluent B followed by 10 mL isocratic
populations were isolated and characterized, and the melanoidinE!Ution: in 5 mL to 100% eluent A. The column was reconditioned by

chemical and chromatographic characteristics were investigatede lution W'th_eluem_A (25 mr:_) 0 preﬂare the COI“?” fc;r tEe ne_Xthrun'
with emphasis on the carbohydrate part. Preparative Anion Exchange Chromatography of the Hig
Molecular Weight Coffee Fractions. Preparative anion exchange

chromatography was performed onx65 mL HiTrap Q Fast-Flow
MATERIALS AND METHODS columns (Amersham Biosciences, Uppsala, Sweden) connected in series
Materials. Roasted coffee bean€¢ffea arabica), originating from ~ using an AKTA Explorer system (Pharmacia Biotech, Uppsala,
Colombia, were provided by a local factory. The degree of roast, which Sweden), and the absorbance of the eluate was measured at 280, 325,
represents the weight reduction upon roasting, was 16.4% (w/w) and and 405 nm using the UV-900 detector. Brew HMw1 and Brew HMw2
was 8.0% (w/w) on a dry matter basis. were dissolved in eluent A (4 mg/mL) and were applied (50 mL) onto
Preparation of Coffee Brew.Green (frozen with liquid nitrogen)  the columns at a flow rate of 6 mL/min using eluent A. Three eluents
and roasted coffee beans were ground and an extract was prepared awere used: (A) 5 mM NaOAc, pH 5.1; (B) 2 M NaOAc, pH 5.1; and
described previously by Bekedam et a22). For characterization (C) 2 M NaCl in 5 mM NaOAc, pH 5.1. The elution profile was 100
purposes, part of the roasted bean brew was lyophilized, yielding mL isocratic elution with eluent A (fraction Al), in 12 mL to 15%
“Brew” (Figure 1). The major part of the roasted bean brew was used eluent B followed by 100 mL isocratic elution (fraction A2), in 12 mL
for further isolation. The green bean extract was lyophilized and was to 30% eluent B followed by 100 mL isocratic elution (fraction A3),
not used for further isolation, yielding “green bean extract”. in 60 mL to 100% eluent B followed by 150 mL isocratic elution
Defatting of Coffee SamplesThe lyophilized coffee samples Brew,  (fraction A4), in 12 mL back to 100% eluent A followed by 60 mL
Brew HMw1, and Brew LMw were defatted by Soxhlet extraction using isocratic elution (fraction A4), in 30 mL to 50% eluent C followed by
a Soxtherm, which was connected to a Multistat system (Gerhardt, 140 mL isocratic elution (fraction A5), in 30 mL to 100% eluent C
Konigswinter, Germany). The solvent used for extraction was dichlo- followed by 100 mL isocratic elution (fraction A6). The column was
romethane (Sigma Chemical Co., St. Louis, MO). The extraction regenerated by elution with 0.5 M NaOH, eluent B, and eluent A. The

procedure comprised boiling in dichloromethane (&) for 15 min six fractions were dialyzed for 2 days against running tap water and 1
followed by refluxing with dichloromethane for 2 h. After defatting, day against demineralized water, with two water renewals. The dialyzed
the dichloromethane was evaporated in an oven af@for ap- fractions were lyophilized, yielding “H1AA6" for Brew HMw1 and

proximately 30 min. “H2A1—-A6" for Brew HMw2 (Figure 1).



Arabinogalactan Proteins Incorporated in Coffee Melanoidins J. Agric. Food Chem., Vol. 55, No. 3, 2007 763

Yariv Assay for Arabinogalactan_ Proteins. The Yariv assay was Table 1. Yield, Kiix40snm Value, Nitrogen and Phenolic Groups Level
based on the procedure as described by Van Holst and Clae (o Coffee Fractions?
The Yariv phenyl glycoside (1,3,5-tri[#-p-glucopyranosyl-oxyphe-

nylazo]2,4,6-trihydroxybenzene) was prepared as described by Yariv phenolic total
etal. 8). A 1% (w/v) agarose solution containing 0.15 M NaCl, 0.02% yield? Knix40snm ~ Nitrogen — groups® sugar
(w/v) sodium azide, and 0.002% (w/v) Yariv reagent was heated to  coffee sample (%, wiw)  (Licm/g) (%, wiw) (%, wiw) (%, wiw)
boiling an_d was subseque_ntly poured onto Petri dishes_to give a layer Brew 100¢ 07 313 1 26
of approximately 3-mm thick. Wells were made (3 mm in width) and
20 uL sample solution was pipetted into a well. The Petri dishes were Brew HMwl 15-53 11 1.42 un 69
sealed with Parafilm and were left for 2 days at ambient temperature Brew HMw2 162 L5 281 18 43
to allow the colored halo to develop. Lyophilized coffee sample was H1AL 5 0.2 0.93 2 39
dissolved in water (2 mg/mL) and was pipetted into a well. Gum arabic H1A2 30 03 055 4 74
(Sigma Chemical Co., St. Louis, MO) (1, 2, 3, 4 mg/mL), an H1A3 16 0.9 117 6 57
arabinogalactan (Novo Industries, Bagsveerd, Denmark) (2 mg/mL), :124 2% 12 275 9 33
) o 5 9 14 3.34 10 16
and a galactomannan (Diamalt GmbH, Minchen, Germany) (2 mg/ H1AG 10 07 201 5 10
mL) were used as test polysaccharides. Water was used as blank.  oa1 1 03 115 2 60
Arabinogalactan Protein (AGP) Isolation. AGP was isolated from H2A2 21 0.9 437 8 41
coffee in duplicate on the basis of a procedure described by Immerzeel H2A3 9 1.6 457 12 20
et al. 9). Brew HMw1 (50 mg) was dissolved in 42.5 mL 0.176 M H2A4 18 2.6 3.34 17 16
NaCl and was centrifuged at 10ap@or 25 min at 5°C. To the H2A5 7 2.7 2.66 12 K
supernatant, 7.5 mL of Yariv reagent (10 mg/mL in water) was added H2AG 5 1.0 221 4 7
and the Yariv-AGP complex was precipitated overnight &i@. Next, HMw1 AGP 41 1.2 1.30 7 50
the solution was centrifuged at 10@€br 25 min at 5°C, yielding HMw1 AGP-free 45 10 148 7 56

the AGP pellet and the AGP-free supernatant. The pellet was washed
three times with 75 mL 0.15 M NaCl and was subsequently dissolved  2The standard deviation of the various parameters was 2.5% on average. ? From
in 50 mL water. Sodium dithionite (1 g) was added to the AGP and starting HMw material. ¢ As chlorogenic acid equivalents. ¢ From Brew.
AGP-free fractions to decompose the Yariv phenyl glycoside, followed

by heating at 50°C (15 min) until the red color disappeared. The Tapje 2. Sugar Composition (Mol %) of Brew, Brew HMw1, Brew
solutions were dialyzed at 2C for 2 days against running tap water  yyw2, HMwl AGP, and HMw1 AGP-free

and 1 day against demineralized water, with two water renewals. The

dialyzed AGP and AGP-free fractions were lyophilized, yielding “Brew total

HMw1 AGP” and “Brew HMw1 AGP-free” (Figure 1). uronic  sugar
Analysis of Nitrogen Content. The nitrogen content of various coffee sample  Rha Ara Xyl Man Gal Glc acid (%, wiw)

samples was estimated a_ccording to the Dumas method usir]g angrey 2 11 0 33 34 6 14 %

NA2100 nitrogen and protein analyzer (Carlo Erba Instruments, Milan,

Italy) according to the manufacturer’s instructions. Methionine was used Brew HMw1 2 101 a 37 1 8 69

as a standard. Brew HMw2 1 11 0 46 31 1 9 43
Molecular Weight Distribution. High-performance size-exclusion ~ HMwlAGP 0 11 1 9 68 2 9 50

HMw1 AGP-free 3 11 1 54 19 1 10 56

chromatography was performed as described by Bekedam &23l. (
on two 300x 7.8 mm i.d. TSKgel columns in series (G4000 PWXL
and G2500 PWXL) (TosoHaas, Stuttgart, Germany), in combination
with a PWXL-guard column (TosoHaas, Stuttgart, Germany). Elution absorption was determined at 405 nm using a Hitachi U-3000
took place at 40°C with 0.2 M sodium nitrate at 0.8 mL/min. The  spectrophotometer (Hitachi, Tokyo, Japan). The coffee solutions were
eluate was monitored by refractive index detection using a Spectra further diluted in case the absorption was higher than 1.3. The specific
System RI-150 detector (Thermo Electron Company, Waltham, MA), extinction coefficientsKmix40snm (L/g/cm) were calculated as was
and the absorbance was measured at 280, 325, and 405 nm using &reviously described by Bekedam et al. (22).
Spectra System UV2000 (Thermo Electron Company, Waltham, MA).
The ;ample was dissolved in the eluent and was centrifuged prior to RESULTS AND DISCUSSION
injection (100uL).

Sugar Analysis.The neutral sugar composition was determined by Characterization of the Brew HMw Fractions. The isola-
gas _Chlromatography Iaccorc‘lji“g tg _Erf1|glyst a”‘lj Cummi@h('soilngl  lion of the Brew, Brew HMw1, and Brew HMw2 was reported
inositol as an internal standard. Briefly, samples were prehydrolyze ; ;
with 72% (wiw) HSQ, for 1 h at 30°C followed by hydrolysis with Fd’.re‘."ous.'y (22). Brew HMwl was isolated from Brew by

iafiltration (cutoff 3 kDa), and the dialysate of this filtration

1 M HzSO, for 3 h at 100 °C, and the constituent sugars released were t b fl biected t b dialvsi toff
analyzed as their alditol acetates. The neutral sugar content was alsg> 6P Was subsequently subjected to membrane dialysis (cuto

determined by the phenol sulfuric acid assay according to Dubois et 1214 kDa), yielding Brew HMwz2. In this previous research,
al. (31). The uronide content was determined by the automated the Brew and Brew HMwl were characterized, while no
colorimetric m-hydroxydiphenyl method (333). characteristics on Brew HMw2 were given. To be able to
Total Phenolic Groups Content.The total phenolic groups content ~ compare the characteristics for Brew HMw?2 with the Brew and
of the coffee samples was determined with the Feliocalteu reagent. Brew HMw1, part of the characteristics on the Brew and Brew
For all coffee samples, a 0.33 or 1 mg/mL solution was prepared. To HMw1 is shown again in this study. The Brew, Brew HMw1,
1 mL of the coffee sample solution, 5@Q of Folin—Ciocalteu (Merck, and Brew HMw2 were analyzed for their compositicrable
Darmstadt, Germany_) reagent was adde_d. After mixing, _1 mL of a 1 gng 2). The yield of Brew HMw1 and Brew HMw2 were
saturated Nz'ﬁog solution was added, and filtered demlngrahzed water both 16% (w/w). Both the HMw fractions were analyzed by
was added until the total volume was 10 mL. After mixing, followed _. lusi h ¢ hv. aFidiure 2 shows that Brew
by 1 h ofreaction, the absorbance of the sample was measured at 725512€ EXClusion chroma ograp .y' gure . S 0. s that bre .
nm on a UV-mini 1240 spectrophotometer (Shimadzu, Kyoto, Japan). TMw1 and HMw2 are two distinct populations in the brew with
Chlorogenic acid (Sigma Chemical Co., St. Louis, MO) was used as feSpect to their molecular weight distribution, with Brew HMw1
reference phenolic compound. having the largest molecular weight (Mw) distribution and Brew
Specific Extinction Coefficient of Coffee Material at 280, 325, HMw2 having the lower Mw distribution. The fact that Brew
and 405 nm.Coffee fractions were dissolved in water (1 g/L), and the HMw2 elutes slightly earlier compared to the second HMw peak




764 J. Agric. Food Chem., Vol. 55, No. 3, 2007 Bekedam et al.

S A

<

g

2

('8}

<

<t

w

le}

< T T T T T T T T T T T T

10 12 14 18 18 20 22 24 26 28 30 32 35
Retention time (min)

s | B

<

<

Q

=]

2

fa]

5]

Z

5

<

B=

(]

10 12 14 16 18 20 22 24 26 28 30 32 35

Retention time (min)

Figure 2. Size exclusion patterns of Brew (solid thin line), Brew HMw1 (solid thick line), and Brew HMw2 (dashed line). A: 405-nm absorption patterns;
B: refractive index patterns.

of the Brew is possibly due to an interaction of the polymers
with other coffee compounds. Th&ix s0snmVvalue, a parameter
for the melanoidin conten@), was 1.1 for Brew HMw1 and
1.5 for Brew HMw2, indicating that Brew HMw?2 contains 1.4
times more melanoidins than Brew HMw1. Brew HMw1 (24%)
and Brew HMw2 (35%) together account for 59% of the
melanoidins present in the Brew while they represent 32% of 0
the Brew dry matter. Thus, a large part of the melanoidins was
isolated by the procedures used. The nitrogen and phenolic
groups contents were also found to be higher for Brew HMW2, o, 3 Anjon exchange chromatography elution patterns of Brew HMw1
being 2 and 1.5 times higher for Brew HMw2 compared to Br_ew (gray line) and Brew HMw2 (black line).
HMw1, respectively. These results suggest that there is a
relationship between the melanoidin content and the nitrogenvery broad peak (data not shown). However, by increasing
and phenolic groups level in coffee brew, as previously stepwise the ionic strength of the eluent, six fractions were
suggested on the basis of ethanol precipitation (22). With respectobtained and collected for further analysis. The elution patterns
to the sugar content, it is clear that Brew HMw2 contained less at 405 nm of both Brew HMw1 and Brew HMw2 are shown in
sugars (43%) compared to Brew HMw1 (69%). However, the Figure 3. The elution patterns at 280 and 325 nm were quite
sugar composition was found to be quite similar in these two similar although the peak area at 280 and 325 nm decreased
fractions, although Brew HMw2 contained relatively more slightly with increasing ionic strength compared to the 405-nm
mannose and slightly less galactose. The lower sugar contentpeak areas. Brew HMw1 and Brew HMw2 showed similar
in Brew HMw2 can be explained by the higher protein/nitrogen elution patterns. FronFigure 3, it can be concluded that
and phenolic group content. Taken together, two melanoidin- melanoidins in both HMw fractions possessed a negative charge
rich high molecular weight fractions were isolated from coffee at the pH of coffee brew.
Brew, and both fractions had a similar sugar composition but  Characterization of Negatively Charged Brew HMw
differed in sugar, nitrogen level, and phenolic group content. Fractions. Brew HMw1 and Brew HMw2 were applied on
Both fractions were subjected to further analysis. preparative scale on anion exchange columns and the fractions
lon Exchange Chromatography of Brew Fractions.Coffee were collected for analysis. The elution patterns obtained were
material was analyzed for its charge by ion exchange chroma-identical to the pattern shown iRigure 3 (data not shown).
tography. The Brew, Brew HMw1, and Brew HMw2 were Re-elution of the fractions obtained resulted in elution of the
applied on a strong cation exchange column using an eluentfraction at the same ionic strength as that at which it was
with a low ionic strength. For all coffee fractions, all the material collected, from which it was concluded that the observed elution
eluted directly under the conditions chosen and no material wasbehavior was reproducible and that the different fractions have
retained on the column (data not shown) as judged on 280, 325,different charges. Characteristics of the fractions obtained are
and 405 nm absorption. Since no binding was observed, it wasshown inTables 1and3. The yield of the unbound fraction of
concluded that coffee melanoidins do not expose positively HMw1l and HMw2 was only 6 and 16% (w/w), respectively
charged groups at the pH of coffee brew. (Table 1), proving that indeed most of the material present in
When coffee fractions were applied on a strong anion the Brew HMw was negatively charged. On the basis of the
exchange column, totally different results were obtained. Brew 405-nm absorption, only 1% and 3% of the melanoidins eluted
HMw1 and Brew HMw2 showed strong binding to the anion in the unbound fraction of HMw1 and HMw2, respectively, from
exchange column and almost no material eluted in the unboundwhich it was concluded that almost all coffee melanoidins are
fraction, on the basis of the absorption at 280, 325, and 405 negatively charged. For both HMw fractions, it was observed
nm. By increasing the ionic strength gradually, no distinct that the melanoidin conterix 40snm increased with increasing
populations could be observed and all material was eluted in aretention on the anion exchange materidlifle 1), except for

Abs 405 nm (mAL)
[CTARUETIATSY

(=1

200 300 400
Elution volume (mL)

100
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Table 3. Sugar Composition (w/w%/(Mol %)) of Anion Exchange
Chromatography Fractions of Brew HMw1, and Brew HMw2

coffee uronic  sugar

sample Rha  Ara Xyl Man Gal Glc  acids (%, wiw)

HIAL <1/0) 1/(2) <l(1) 34/85) 3(7) 1) 1@ 39

H1A2  2/(3) 8/(13) <l/(1) 21/(27) 37/(48) 1(1) 6/(7) 74

HIA3  2/(3) 7I(14) <l(1) 7/(12) 32/(56) <l(l) 8/(13) 57

HIA4  1/(3) 4/(14) <l(1) 5/(14) 15(45) 1/(2) 8/((21) 33

HIA5  <1/(3) 2/(16) <1/(3) 3/(22) 6/(40) 1/(4) 2/(12) 16

HIA6  <1(2) 1/(9) <l(4) 435 2/(20) 1/(9) 2/(20) 10 _
:gﬁ; i;(? gqg) :iﬁ) Zgﬁ? 225(2421) 5(? (255(‘1‘)2 22 Figure 4. Yariv-gel diffusion assay of water (A and L), 2 mg/mL
HoA3 <1/§2; 2/513% <1/E13 2/%123 8/E38; 1/55; 6/E28§ 20 arabinogglactan (B), galactomannan (C), Brew HMw2 (D), Brew LMw (E),
H2A4  <1(2) 2/(12) <U@) 2/(12) 5/(31) 1/(6) 6/35) 16 gum arabic (F and M), green bean extract (G), Brew (H), Brew HMw1 (1),
H2A5  <1/(2) 1/(14) <U/(4) 2/(12) 4/(29) 1/(10) 4/(29) 13 Brew HMw1 AGP (J), Brew HMw1 AGP-free (K), H1A1 (N), H1A2 (O),
H2A6  <1/(2) 1/(12) 1/(8) 1/(16) 2/(22) 2/(20) 2/(20) 7 H1A3 (P), H1A4 (Q), H1A5 (R), and H1A6 (S).

the last fraction A6 in which the melanoidin content decreased respectively. Determination of the neutral sugar content of the
again. The nitrogen level was found to be low in the unbound effluent fractions by the phenol sulfuric acid assay according
fractions and varied over the fractions A26. The phenolic to Dubois (31) showed that the sugars were not lost during the
group content correlated with the melanoidin content. A positive chromatography isolation step. Therefore, it seems that part of
correlation for the nitrogen and phenolic group content with the HMw material is lost during dialysis, and as the HMw2
the melanoidins content was seen for Brew HMw1. The phenolic fraction was previously dialyzed thoroughly, it seems that
group content and the melanoidin content in Brew HMw2 dialysis conditions affect the final yield. In other words, the
showed a positive correlation as well, although no correlation HMw fraction size will decrease after conducting a second
between the nitrogen content and the melanoidin content wasdialysis step using another membrane.
found. Thus, it seems that phenolic groups are present within  From the results, it can be concluded that coffee melanoidins
the melanoidin complex. From the results obtained by the are negatively charged molecules which are heterogeneous with
Folin—Ciocalteu reagent, no statement about the nature of therespect to their polyanionic behavior since melanoidins eluted
phenolic groups in melanoidins can be made. Incorporation of at different ionic strengths. Furthermore, it was shown that
low Mw phenolics might be possible, e.g., ester-linked chlo- characteristic groups other than uronic acids are likely to be
rogenic acid. Formation of neoformed phenolic-like compounds present to account for the total negative charge. The presence
out of nonphenolics during the Maillard reaction is possible as of these negative charges on melanoidins probably contributes
well since Tressl et al. (34) mentioned the presence of furansto the biological and functional properties of melanoidins in
and pyrrole-like structures in melanoidins, which might in the coffee brew. For example, covalent or ionic binding of chlo-
close vicinity of hydroxyl groups behave as phenolic groups. rogenic acid with negative-charged groups on melanoidins might
The sugar composition of each anion exchange fraction is explain the antioxidative properties observed for melanoidins
shown inTable 3. It is clear that the sugar content in the (6, 14—16). Binding of coffee flavor compounds to melanoidins
fractions decreased with increasing ionic strength and thatas suggested by otherg-<{13) might occur via the anionic
mannose-rich polymers (galactomannans) especially were elutedyroups of melanoidins and might affect the sensorial perception
at low ionic strength (Al and A2). Elution of galactomannans of coffee. Also, positively charged metal ions might also bind
in the unbound fractions may not be surprising because to the negatively charged melanoidins, resulting in the metal-
galactomannans from green beans did not bind to an ion chelating properties observed by othe§,(L7). Another option
exchange column either (35). The uronic acid content initially is that melanoidins might contribute to the foaming properties
increased with increasing ionic strength (AA2—A3) up to of coffee brews 36, 37) since they might consist partly of
maximally 8% (w/w) of the Brew HMw. This increase in uronic  hydrophobic sections with mainly furan and pyrrole-like struc-
acid content might explain the difference in charge in the tures (34) and partly of hydrophilic sections with the negative-
different fractions (A1>A3). It might even explain the anionic  charged groups, resulting in a surface-active molecule. Overall,
character of the melanoidins, but in that case, the uronic acid the anionic character of melanoidins might be responsible for
containing carbohydrate should be part of the melanoidin quite some biological and functional properties that are ascribed
complex. For the populations with the highest melanoidin to melanoidins in the literature.
content (A4 and A5), it is clear that the uronic acid content Identification of Arabinogalactan Proteins (AGPSs) in
remained constant (A3A4) and then decreased (A4A5). This Coffee Brew.Arabinogalactan is, together with galactomannan,
shows that the anionic character of the material in fractions A5 the most abundant carbohydrate in coffee brew. The presence
and A6 cannot be explained by uronic acids only, indicating of acidic AGPs {15%, w/w) in the cell wall of green coffee
that another characteristic negative-charged group should alsdbeans was reported by Redgwell and co-workers38, Since
be present to be able to explain the further increase in negativethese acidic coffee bean AGPs are extracted into the coffee brew,
charge. Incorporation of negatively charged low molecular it was questioned whether these AGPs are also present in the
weight coffee compounds (e.g., acids) might be an explanation, negatively charged polymer fractions that were isolated, as
as is the possible formation of newly formed acid groups upon described above. Therefore, the presence of AGPs in coffee brew
roasting. fractions was investigated by a Yariv gel-diffusion assay, in
The recovery of arabinose, galactose, and uronic acids waswhich the Yariv phenyl glycoside specifically binds to AGPs
good (>80%) for both fractions, but the mannose recovery was resulting in a colored hald={gure 4). Water, arabinogalactan,
relatively low, 37 and 31% for Brew HMw1 and Brew HMw2, and galactomannan solutions were used as controls. Gum arabic,
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an AGP-rich compound, was used as a positive control, and The nitrogen levels in the AGP and AGP-free fractions were
the development of a clear halo was observed. A linear 1.30% and 1.48%, respectively. The nitrogen content of the AGP
correlation between the applied amount of gum arabic and thefraction is quite in line with the literature. Redgwell et 8]
square of the diameter of the halo was obtained (data not shown)eported a nitrogen content of 1.88% for green coffee bean
as mentioned by Van Holst and Clarkg¥). The control samples ~ AGPs. The nitrogen in the melanoidin-rich AGP fraction can
showed that the Yariv reagent very specifically reacts with AGPs probably largely be explained by the presence of intact amino
and not with carbohydrates (galactomannan and arabinogalactanficids from the protein moiety in the AGPs as they occur in
that are not bound to protein. A green coffee bean extract wasgreen beans. However, degradation of part of these amino acids
prepared and applied on the Yariv-plate to determine whether Upon roasting cannot be ruled out.

the green coffee bean cell wall AGPs (Z8) are extracted The phenolic group content for both the AGP and AGP-free
when heated in water at 3C. This green bean extract (Figure fraction was found to be 7%. Thus, phenolic groups were present
4G) showed only slight color development in the well area, inthe AGP fraction but the phenolic groups were not specifically
while no distinct halo could be observed, indicating that AGPs related to the AGPs or AGP-free fraction. The relative low
in green beans are not readily extracted. This is in agreementphenolic group content in the AGP and AGP-free fractions (7%),
with findings by Redgwell et al.26) who reported that harsh ~ compared to the Brew HMwl fraction (11%), might be
conditions are needed to isolate the majority of the coffee explained by incomplete dissolving of the fractions or by the
arabinogalactans (8 M KOH and enzymatic degradation of other loss of compounds upon dialysis.

cell wall components). The Brewrigure 4H) gave a distinct The sugar content for the AGP (50%, w/w) and AGP-free
halo, and it can be concluded that the Brew contains AGPs. In (56%, w/w) fractions was similar, but these fractions differed
addition to the findings reported by Redgwell et &6), who with respect to the sugar composition. The AGP-free fraction
stated that roasted coffee cell wall material contains AGPs, it contained mainly mannose (54 mol %), galactose (19 mol %),
is now found that at least part of these AGPs end up in coffee arabinose (11 mol %), and uronic acids (10 mol %) indicating
brew as well. Since the Brew showed a halo and since the greerthat galactomannans were the most abundant sugars in this
bean extract did not show a halo, it can be stated that the roastingraction and that arabinogalactans are present in a lesser extent.
process improves the extractability of AGPs. The AGPs present The galactose/arabinose ratio in the AGP-free fraction was only
in the green bean are likely entrapped in the cell wall of green 1.7 and part of this galactose is probably part of the galacto-
coffee beans and the roasting process affects the cell wall inmannans, therefore, the galactose/arabinose ratio for the ara-
such an extent that they become more readily extractable,Pinogalactans is probably even lower. The uronic acids are
resulting in their presence in coffee brefigure 4 also shows expected to be part of the arabinogalactans as well. On the basis
that all AGPs from the coffee Brew end up in the Brew HMw1 of these findings, it can be concluded that the arabinogalactans
fraction and that Brew LMw and Brew HMw2 are free of AGPs. N the AGP-free fraction are highly branched polymers. For the

Obviously, all AGPs are retained by the diafiltration membrane AGP fraction, it was found that this fraction contained mainly
which was used to isolate Brew HMw1 from Brew. AGP was dalactose (68 mol %), arabinose (11 mol %), mannose (9 mol
isolated to investigate their content in the Brew and to determine 72): and uronic acids (9 mol %), indicating that arabinogalactan
whether they are included in the melanoidin formation. was the most 3‘3“”0‘&“? sugar, as expece (Compa””_g the
Characterization of the AGP Fraction of Brew HMwl galactose/arabinose ratio of 6.2 with data found in the literature,

. T it was found that this value was rather high as the AGP fracti
The AGPs were isolated from Brew HMw1 by precipitation Y . 1S vaue w 9 raction

. : . . of green coffee beans had a value of 38)(and the ratio of
with the Yariv reagent on a preparative scale. Isolation of the

. . gum arabic was 1.8 or loweB9). The high galactose/arabinose
AGPs from Brew HMw1 yielded an AGP (41%, wiw) and AGP-  1atiq can be explained by the fact that arabinose is the

free (45%, wiw) fractionTable 1), and these AGPs make Up  monosaccharide that is most prone to degradation upon roasting,
~6% of the Brew’s dry matter. Both the isolated fractions were 544 |0sses up to 65% (w/w) were report&l (The presence of
recovered as a brown-colored material. Redgwell et38) (9 mol % mannose in the AGP fraction was unexpected since
a colorless clear solution in water. As the Yariv reagent is very peans (38) and AGP from gum arabic contains only trace
SpeCifiC for AGPS, and as the isolated fraction was brown instead amounts of mannose. Since ga|act0mannans do not show
of white, it allowed us to infer that coffee bean AGPs undergo precipitation with the Yariv reagent, it allowed us to infer that
chemical reactions during roasting and become part of the mannose, probably as galactomannan, is incorporated into the
melanoidin complex. This material is referred to as the AGP— AGP—melanoidin complex.

melanoidin complex. The composition of the Brew HMW1 AGP peqguell et al. 26) reported that green Arabica coffee beans
and AGP-free fraction was determined and the results are shownye . var. Yellow Caturra) contained 45% (w/w) carbohydrates,
in Tables 1and2. TheKmix sosnmvalues, the parameter for the  of which 15% (w/w) were from galactose (10%), arabinose
melanoidin content, of the AGP and AGP-free fraction were (394), and uronic acids (2%). On the basis of the data that green
1.2 and 1.0, respectively, showing that both fractions were rich coffee beans contain15% (w/w) AGPs and that 85% (w/w)

in melanoidins. The AGP fraction accounted for 45% of the of these AGPs are Carbohydrates (ga|actose, arabinose, and
melanoidins present in the Brew HMw1. With respect to the yronic acids) 88), it can be stated that almost all arabinogalactan
Brew, this AGP fraction (~6%, w/w) accounted for 11% of all  (85%) in green coffee beans should be present in AGPs. The
the melanoidins present in the Brew. Because of the specificity AGP fraction isolated from green coffee beans by Redgwell et
of the Yariv reagent and the intensity of the washing steps, it al. (38) was positive for the Yariv gel-diffusion assay as well,
was concluded that coprecipitation of melanoidin molecules and although a different isolation procedure was applied. It was
compounds other than AGPs is very unlikely. Thus, the isolated calculated from the sugar composition and yield of the two Brew
AGP fraction is a melanoidin-rich population from coffee brew HMw fractions that only 60% (w/w) of the arabinose, galactose,
that consisted of only one type of compounds, namely, the and uronic acids ended up in Brew HMw1. From the sugar
AGP—melanoidin complex. composition and yield of the two fractions isolated from Brew
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tively, of which mannose was the most abundant monosaccha-
ride (Table 3), suggesting that galactomannan is present in these
fractions. These two fractions contained less uronic acids (%,
w/w) than the fractions with a lower negative charge. It can be
reasoned that these melanoidin-rich fractions had to contain
negatively charged groups not originating from uronic acids or
from amino acids from AGPs. The origin of these negative-
charged groups remains unknown. A possible explanation could
be that other acidic molecules are incorporated into the
melanoidin complex or that newly formed acid groups are
formed within the HMw coffee melanoidins upon roasting
because of the Maillard reaction.

In this study, it was shown that coffee brew melanoidins were
found to be negatively charged molecules, which are hetero-
geneous with respect to their polyanionic behavior. Arabinoga-
lactan proteins were present in the HMw fraction that was
retained by diafiltration, whereas the remainder of the coffee
was free of AGP. The AGP had a brown color, as opposed to
HMw1, the AGP and AGP-free fraction, it was calculated that their white color in green coffee beans, allowing us to conclude
only 67% (w/w) of the arabinose, galactose, and uronic acids that they are incorporated into the melanoidin complex upon
ended up in the AGP fraction. Overall, only 40% (w/w) of the  roasting. This AGP-melanoidin complex is a distinct melanoi-
arabinose, galactose, and uronic acids present in the two HMWdin population that can be specifically isolated from coffee brew.
fractions ended up in the AGP fraction. The remaining 60% of The negative Charge of the AGInelanoidin Comp|ex is
the arabinose, galactose, and uronic acids were not part of theprobably due to the presence of uronic acids, which are known
AGP fraction, while most of the arabinose, galactose, and uronic to be bound to arabinogalactans. The uronic acid content in the
acids were present in AGPs prior to roastir#6,(38). This highly negative, melanoidin-rich fractions could not explain the
implies that AGPs present in green coffee beans are chemicallytotal negative charge of these fractions. This led to the
modified or degraded during roaSting to such an extent that the conclusion that other negative|y Charged groups are probab|y
AGP loses its specific characteristic of binding to the Yariv also incorporated in HMw melanoidins. Future research should

69

Percentage (%o, w/w)

0 0 0 0

HIAI H1A2 HIA3 HI1A4 HIAS HI1A6
Figure 5. Distribution (%, w/w) of the AGPs over the six Brew HMw1
anion exchange fractions (dark gray columns) and the percentage (%,
wiw) of (galactose, arabinose, and uronic acids) that is part of the AGP
(light gray columns).

reagent. It is likely that the protein backbone of the AGPs is
degraded by the Maillard reaction, resulting in molecules with
a lower Mw. This could then explain the presence of “non-
AGP” arabinose, galactose, and uronic acids in the Brew HMw2
fraction. It can be reasoned that the AGPs first react into brown-
colored compounds (AGPmelanoidins) which still bind to the
Yariv reagent, followed by further reaction in which the AGP
melanoidins lose their specific Yariv binding characteristics.
AGPs seem to be very prone to (Maillard) reaction upon roasting
of the coffee bean, resulting in brown-colored molecules.

Relation between AGPs and Charge Properties of Mel-
anoidins. The six anion exchange fractions of Brew HMw1 were
analyzed by the Yariv gel-diffusion assay to determine which
fractions contained most of the AGPs. Fréiigure 4, it is clear
that H1A2 contained most of the AGPs and that the AGP content
decreased from H1A2 to H1AG6. Using the diameter of the halo
and the yields of the anion exchange fraction for Brew HMw1,
the distribution of the AGPs over the Brew HMw1l anion
exchange samples was calculated and is showrignre 5.

The anion exchange fraction H1A2 contained 58% (w/w) of
AGPs present in Brew HMw1. Thus, the majority of AGPs had
a relatively low charge, probably the result of the uronic acids
and possibly negatively charged groups on amino acids. As the
AGPs are part of melanoidins, it can be stated that the AGP
melanoidins are slightly negatively charged molecules.

The percentage of galactose arabinose+ uronic acids
present in AGP relative to the total galactosearabinoset+
uronic acids content was calculated and is showRigure 5.

Itis clear that the galactosk arabinoset uronic acids content
present in AGPs decreased from H1A2 to H1A5. This might
again be explained by chemical modification of the AGPs,
resulting in more negatively charged groups being bound/formed
leading to less precipitation with the Yariv reagent.

The fractions H1A4 and H1A5 were melanoidin-rickeple
1), had a strong negative charge, and were found to be poor in

AGPs. These fractions contained 33% and 16% sugars, respec-

focus on the structural characterization of the AGRelanoidin
complex and also on the fate of AGPs during roasting.
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