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RESUAMO

Amostras de cafe verde dassificadas como Mole ¢ Rio par provadores profissie-
nais, foram estidadas quanio a alguns aspectos fisicos, wtilizando miicréicopio eletiénico
de ravedura e microscopio commn. Os veswltados revelaram qire of cafes Rio possuem
paredes celulares mais finas, menm densidade, ¢ essas paredes relulares ocupan: i
menor volume ent velagio dos cafés Male. Os vesultados puecem evidenciar gne nos
cafés Rio honve degradagio das paredes celularer na colheita on na armazenagem. O
compostas de degradagio das paredes celwlares padem afetar sensivelmente a gualidade
da bebida do café, embosa ndo se¢ possa afirmar pelo presente trabalho, que tais composios
tejant 0 f#nicos 1esponsaveis pelo posto ¢ aroma Rio — O3 autores

Intvoduction

T is well known that defective beans (black beans,
yellow, etc. )y can depreciate the quality of
the coffee beverage (6, 7, 13) However, few

papers have been published which relate physical aspects,

other than color and bean shape, with the quality of the

beverage (4, 11)

Menchu and Ortega (11) did cbserve a significani
positive correlation between quality of the beverage amd
apparent density of green coffee, and apparent density
of roasted Guatemalan coffees

Burgin (<) studied ceflular structures and localized
caffeine and chlorogenic acid in different varieties of
coffee, using light microscopy, although he did not
compare different qualities of the beverage from the
same variety
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The aim of this work is to compare celiular charac-
teristics of the outer endosperm (hard) of commercial
green coffee beans of the same variety but which differ
in the quality of the beverage. Electron scanning and
light microscopy techniques were applied.

Materials and methods

Coffee bean samples were classified by the Brazilan
Institute of Coffee and Cia. Cacique do Café Soluvel
S A, Loadrina, Parana, Brazil, with respect to the
quality of the beverage, as Soft (S) (mild flavor) and
Rio (R) (phenolic like flavor) §-1, 5-2 and R-1 sam-
ples were 3 years old and R-2, 7 years old  All coffee
samples were of the same variety, Coffea arabica 1.,
culttvar ‘Mundo Novo'

Electron scamnin & miciescapy

Coffee beans from Soft-2 and Rio-2 samples were
f1actured with a scalpel and the haed endocarp (5) frac-
tions were fixed with 2 5 per cent osmium tetroxide al
pH 6.5 for 7 hours, washed with buffer and then debhy.
drated with an ethanol/water series of 30, 45, 70, 90,
100, and 100 pet cent (1 hour each), then twice in amyl
acetate for 20 min, and critical point dried with CO,
i & SAMDRI, PVT-3, critical point drying apparatus
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Samples were rotary shadowed with gold-palladiom
i a high vacuum evaporator and the micrographs were
taken with a Mini-Sem scanning electron microscope
using Type PN55 Polaroid film,

Some treatments prior to osmium tetroxide fixation
were cacried out to remove lipids (diethyl cther), pro-
teins (trypsin, 1N NaCl, 1N NaOH) and polysacchari-
des (1IN NaOH). However, all treatments, with the
exception of 1N NaCl apparently removed all the struc-
tures of the fractured surfaces A second fracture in a
perpendicular direction {rom the treated surface revealed
that the ether and NaOH treatments affected cellular
components but no conclusions could be made, probably
because of the thickness of cell wall which impedes the
complete removal of the solubilized components

Light mivioscopy

The cuter hard endosperm samples (5) were fixed
in u solution of glutaraidebyde (4 per cent final cone ),
13 per cent sucrose, 0.01 per cent CaCl,, and 500 ppm
ruthenium: red buffered with 003 M cocodylate buffer
(pH 7 4) for 7 hours,

Residual glutaraldehyde was washed from samples
with cocodylate buffer in sucrose and CaCl,, the frac-
tured beans were fixed with osmium tetroxide (25 per
cent final conc.), sucrose, CaCl, and ruthenium red
(same conc as for glutaraidehyde fixation) for 9 hours

Unreduced osmium tetroxide was washed with coco-
dylate buffer with sucrose, CaCl., and ruthenium red.

Using a series of aqueous ethanol solutions (30, 40,
30, 60, 74,80, 90, 95, 100 and 100 per cent) for 30
min each, fived samples were dehydrated for embed-
ment in the Lpon 812 madium according to Lufe (9)
Modified impregnration times of 20 min in 100 per cent
propylene oxide, 6 hours in eacl: step of a propylenc
oxide /Epon series (3:1, [:1, 1:3, v/v), and in 100
per cent Tpon (12 hr at 37°C, 12 hr at 5°C, and
24 hr at 60°C

Thick sections (0.7 pum) were made with glass
knives using an LKB Ultratome HI and stained with the
Huber (6) procedure Using a Zeiss calibration stan-
dard and Kodak panchromatic negative film, photo-
graphic records were made of each of the 4 samples

Physical aualysis

Cell wall thicknesses were recorded with the aid of
a Zetss Pasticle Analyzer {Model TG23), measuring
only those wall areas forming Hnear boundaries between
adincent sides (examples shown by arrows in Fig. 1)
Refative volumes of cell wall and cytosol components
were caleulated on the basis of weighing cut out cell
wall and cytosol regions of light photomicrographs

Bean density was calculated by dividing the weight
af 100 beans by their aggregate volume Five replica-
tions of cach coffee sample were made using a volu.
metric eylinder (02 mi accuracy) filled with 100 coffee
beans of the respective types  Fine sand was added to
cach cylinder, which filled spaces between the beans, a

process promoted by vibrating the cylinder  The cumu-
lative voiume of the beans was simply determined as
that fraction of the total bean-sand volume not repse-
sented by the sand  The percentage of water (10.7-
11 2 per cent) was not taken into consideration in these
density measurements,

Results and discussion

Table 1 shows data obtained from the light photo-
micrographs and other physical measurements, There is
a4 positive correlation between increasing density of the
bean, increasing cell wall thickness, and increasing per-
centage volume of cell wall  Soft coffees showed a
higher density and a higher cell wall volume than the
Rio coffees The weight of 500 beans did not show a
good relationship with the quality of the heverage,
probably because of differences in the size of the beans

Table § —Physical measurements of the whole bean
and of the hard (outer) endosperm of Ara-
bica coffee beans which differ in quality of
the beverage, (The simbols in parenthesis
represent number of counts).

We 504 Celt wall Volume of

Cuffye sample brans Density thickness cell wails
& (mean) ym [ e
Soft 7103 108% 62 (972) 507
Solt = 2 57.69 1oL 56 (822) 49.7
Rigp o~ 58 1t (1.967 50 (731} 375
Rio e 2 49 2 0781 43 (475) 356

Figure | shows the type of light micrographs from
which the wali thickness data of Table | was obtzined.
Figure 2 shows the distribution pattern of cefl wall
thickness which gives more valuable information than
a simple average. The distributions did not follow the
Gaustan curve, but the peaks of maxima are cleatly
different and corroborate with the data of Table 1

Figures 3 and i show two scanning electron micto
graphs of a fracture of Soft-2 and Rio-2 coflee samples
The thinner cell walls of Rio-2 coffee are evident

These results show that the samples which have the
Rio flavor passed through a process which induced the
degradation of the cell walls {possibly other cell com-
ponents too), during harvesting, processing and/or
storage  An interesting point to note is that between
the two Rio coffees the 7-year old (R-2) showed the
lower density, ccll wall thickness and per cent volume
cell wail It is well known that coffee loses dry weight
upon storage {12} and the volatiles liberated might
come also from cell wall components. On the other
hand, compounds liberated from cell walls might de-
preciate the quality of the beverage In this respect,
Amerim e/ ol (2, 3} and Melo and Amorim (10)
observed that proteins and phenolic components might
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Fig. U~—Light wcragraph of a4 1thek sectfon (6.7 ,tzm) af an Epan
vothedidvd Coffer arabicn L Safrd sample ilnsrating the
arcas frem which uwall th chpess mivasuremoints pwere Likben
Aveaws indicare breadihs of replons which are velatively com-
man besedn fno ool

be involved in the reactions which Iead to the Rio flavor,
because fewer NaOH soluble proteins (3) and hydeoli-
zable phenols (2) were found in these coffees In ad-
dition, il the higher absorption at 400 nm eof TCA
solubles (10) found in Rio coffees really represents a
higher content of oxidized phenolics, (that couid be
lignin degradation products), this also corroborates and

Fig. 3 awd 4 Seanning clectras o crogeaphs of Safez and Riv-2
samples shawing seconmdary froctues with many of the cytosut

strsietiircs
" s RIG 1 ,
» —— RO -2 links together the chemical analysis pecformed carlies
. 2, 3, 10) and the structural differences observed in
this work
&0
" The fact that no significant differences were found
. m free sugars and water soluble polysaccharides between
Soft and Rio coffees (1) do not invalidate our present
. zssumption, because there is a strong possibility that
e the sugars liberated from cell walls are metabolized
10 : giving rise to the production of CO, which may account
for the loss in weight on stosage and also in Rio coffees.
? : ¢ oum’ " " " The mechanism of such reactions and the preduction of
volatiles in green coffee are at presznt under investiga-
tion in our lzboratory
' SOFT-1
e SOFT-2
st Conclnsions
EEAO
N By the results obtained in this work it is evident
" that the green coffee beans which give the Rio flavor af-
ter roast and infusion have thinner cell wails which ac-
" count for a lower fatio on the volume of cell wall/cytosoi

7 3 : 7 i 7 w and also showed fow densities These differences may
bz attributed to cell wall degradation on harvesting,
Fig 2 —Disribations of Jrequencics of cell wadl vhickness of foss processing ﬂ.lld,"Oi‘ storage CG‘HdlflOnS However, com-
samples of greew caffee (Arabica) beans, ponents of cell wall degradation cannot, at present, be
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indicated as the sole source of Rio flavor, because other
components of the cefl might undergo degradative reac-
ttons too

Snmmary

Green coffee samples classified as Soft {mild taste)
and Rio (phenolic or medicinal taste) with respect to
the quality of the beverage were subjected to physical
anzlysis. Electron scanning microscopy and light micro-
scopy of sections were used to compare both types of
coffee, The results showed that Rio coffee had lower
densities, thinner ceil walls and lower cell wall/cytosol
volume ratio. These differences were attributed to cell
wall degradation on bad conditions upon harvesting,/
processing and/or storape  These studies indicate the
probable role of cell wall degradation products on cof-
fee flavor, although at present it is not possible to con-
clude that cell wall components are the sole factors res-
ponsible for the Rio flavor.
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