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ABSTRACT

We developed a mid-infrared (MIR) spectroscopic evaluation method of brewed coffee, whose quality and taste
depend highly on properties such as the geographical origin and the roasting, grinding, blending, and extraction
conditions, using an FT-IR spectrometer equipped with an attenuated total reflectance (ATR) accessory.

In addition, the simultaneous content determination of the main components of coffee drink was performed by
applying the FT-IR/ATR method. We studied the effects of different varieties of coffee and the degree of roasting on
the MIR spectral characteristics of brewed coffee and determined the caffeine and chlorogenic acid content using
the FT-IR/ATR method. Arabica (from Colombia, Brazil, and Guatemala) and Robusta (from Indonesia) coffee
roasted to city was prepared as the sample. Indonesian coffee roasted to full city was also used. The differences
between the second derivatives of the ATR spectra of the brewed Arabica and Robusta coffee were observed around
the several absorption peaks, and the brewed coffee from Brazil had different spectral features from those of the
other varieties of Arabica coffee. Additionally, the roasting conditions of the Indonesian beans were reflected in the
spectral features of the brewed coffee. Moreover, the caffeine and chlorogenic acid content in brewed coffee was
determined by spectroscopy. For the coffee drink that was composed of instant coffee, sugar, and coffee whitener,
the content of each component was excellently determined using the FT-IR/ATR method by analyzing the
spectroscopic interactions between the components.
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Table 1 Properties of tested coffee powders.
Geographical origin | Variety | Roasting Grind
Colombia
Brazil Arabica .
City .
Guatemala standard cupping
Indonesia@
Robust
Indonesia@® obusta Full City
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Influences of ratio of amount of coffee (Brazil) powder to
water on the stability of MIR spectral characteristics of

Fig. 1
brewed coffee.

J MNVERSDDRBENKEH ORI ET 572

B 1 (a)id, #BAMELZ TSNV OMBEDORNFIRZ RS b
W RIETMADEEBERLZT ST THO, WHEEART ML
% Savitzky-Golay ik WEAWT 13 A TR LR TH 5.
1456, 1414, 1385, 1286, 1242, 1213, 1190, 1151, 1122 cm-!
WWBWTI—b—fHEARY MVEB#OT 2 Y — 0 2 HERT
iz Fiz, TNSOBEBCBVWTIE, I—b—BEOKETHD
Brix & R#ME TR WHERENE Sz,

B 1 (b)ix, MKk Z <‘:0);§=§$1f\7 MLTHS. FEHT3I
B VT OREEITO, BT &I RMHME DR ERE % 1Y
ETE /%, RMSEICHT 2EERE LA, O—b—Hilh
BORFOE—0 LR TELERICEET 5 &, MAKLAHRE
25g 12X LK 150g TR U7z H OB HBEEMNE N Z &R
T&Ek. Lzdi->T, gkttt L2856, BrtE 25g Ioxt
LK 150g THItH L 26 OBEBEH OB WRAFHARYT ML EE
BDICRBEEND T ENHERTE-.

2 (a), (b)id, ¥HE 25 g XL TK 150 g % B LT EuKimH
LETIDONIHT A b lBrony  Beimli-5e
DRMBARTZ NIV TH O, 23— b —HEROFRATILA RS +
WERCREITH 71 VBES LB 700y CREBEORE
ERLAEVSTTHS. B2(a)kD, 1456, 1414, 1367, 1336,
1290, 1242, 1190 cm LEBEICEB T, HMA 7 =1 > BOBMIZ
DNTHRRE—INKREL 2o, £, ZHHOE—2Th7 =
A DRBBEORIMBNA R MVIZBWTHIERI N, yoos

J. Hllum. Engng. Inst. Jpn. Vol. 93 No. 8A 2009

-5
g
—Brazi coftee | i ' N v
— = Brazil coffee + 0.097% caffeine
12} . . - Brazil coffee + 0.137% caffeine
— - = Brazil coffee + 0.292% caffeine
sk -Brazil coffee + 0.437% caffeine
----- Brazil coffee + 0.583% caffeine
~ . 5
s 4
3
< 0
o
o
“1 | l
1456 cm” 1387 cm’' " T
8 1414cm” 1260 cm” I 1192 om b
1242 em’
-12 v

e

500 1450 1400 1350 1300 1250 1200 1150 1100
Wavenumber [cm™"]

(@) 17 x4 VHEM

(a) Caffeine
X10
12 5 y T v g
10 F — - Brazil + 0.089% chiorogenic acid b
- - Brazil + 0.134% chlorogenic acid
8F — . —Brazil+ 0.267% chlorogenic acid 3
6k~ - Brazil + 0.400% chlorogenic acid E
wweemeee Brazil + 0.534% d\lorogenic acid ¥
~_ 4F X &
>
E 2
N< 0 3
oLl ¥
-4F T 1410 cm* *
1448 em 1273 om"
1286 om” 1190 cm” 1122 o

-8
1500 1450 1400 1350 1300 1250 1200 1150 1100
Wavenumber [cm’ ]

(b) o O0O5 RN
(b) Chlorogenic acid
B2 d—t— (I52)) MEROFABRNRARY MUICRIFT
FERTREORE
Influences of addition of caffeine or chiorogenic acid into
brewed coffee (Brazil) on the MIR spectral characteristics.

Fig. 2
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- M. -Brazilian coffee added caffeine (1242cm™)
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concentration [wt%]
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Fig. 3 Calibration curves between the second derivative values of
absorbance peak characterizing caffeine in brewed coffee
(Brazil).
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Table 2 Fitting parameters and correlation coefficients of
calibration curves for caffeine and chlorogenic acid in
brewed coffee.

Carrelation
waverumber slope intercept
reagents [cmhl] solvent [wt‘;l] [wt% ; ovefficient
(] (]
[-]
brewed 4 5
1242 1.003x10 | 193%10 0.999
. coffee
caffeine
pure 4 5
1242 10410 | 0066110 0.999
water
brewed 5 5
. 1122 368510 3014x10 0.998
chlorogenic coffee
acid pure 5 5
1120 4925x10 0.121x10 0.998
water
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Influences of varieties, geographical origins and roasting
degree of coffee beans on MIR spectral characteristics of
brewed coffee.
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Fig. 5 Second derivative spectra of aqueous solutions of instant
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Fig. 9 Comparison of calculated and measured spectra of instant
coffee solution with sugar and coffee whitener (coffee
drink).
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Table 3 Wavenumbers of peaks characterizing instant coffee,
sugar and coffee whitener.
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Fig. 10 Siopes of calibration curves for coffee drink components
in aqueous solution and in instant coffee solution with sugar
and coffee whitener (coffee drink).
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* At the bracketed wavenumbers, the absorption peaks were
observed for the plural components.
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