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Decaffeination of coffee bean waste by solid-liquid extraction
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Abstract—Many residues of plants are hydrolyzed to prepare polysaccharides and monosaccharide by bio-methods.
Coffee bean waste is emerging as a new feed for producing these carbohydrates, but the appearance of caffeine in coffee
bean waste prevents the enzymatic or bacterial hydrolysis. In this case, several solvents were used to remove the caf-
feine from the coffee waste as well as optimizing the conditions. Ethanol/water (50/50, v/v) at 80 °C was found to be

the best condition for caffeine removal.
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INTRODUCTION

Coffee waste is emerging as a new feed for producing polysac-
charides and monosaccharide by enzymatic or bacterial hydrolysis.
Although the caffeine in coffee waste is lower than that in coffee
beans, a large amount of caffeine still remains. Caffeine is a kind
of xanthine alkaloid which can be found in various plants, such as
coffee, tea and cacao. It is a central nervous system and metabolic
stimulant [1], and used medically to reduce physical fatigue and
restore mental alertness. The toxic [2] and anti-bacterial [3] proper-
ties of caffeine are harmful for some animals and bacteria. In this
case, the caffeine should be removed before the enzymatic or bacte-
rial hydrolysis of coffee waste.

Extraction of caffeine from coffee or tea, to produce decaffein-
ated products, is an important industrial process that can be done
by a number of methods, such as solid-liquid [4,5] and supercriti-
cal carbon dioxide extraction [6]. For the reason of cost, solid-liquid
extraction has been preferred. Solid-liquid extraction allows soluble
components to be removed from solids using solvents. Insoluble
material can be separated by gravity or vacuum filtration. A sequence
of solvents, of varied polarity, can be used to separate complex mix-
tures into groups. Chloroform, trichloroethylene and dichloromethane
have been used as the solvents for decaffeination over the years [7,8],
but for reasons of safety, environmental impact and flavor, they have
been superseded by others.

By previous considerations, the aim of this study was to find the
best condition to remove caffeine from coffee waste. Different sol-
vents were used to extract the residue of coffee with different time
and temperature. Dipping, heating and ultrasonic methods were also
involved. After optimizing the solvents and methods, the solid/liquid
ratio was investigated.

MATERIALS AND METHODS

1. Materials
Caffeine was purchased from Sigma (St. Louis, MO, USA). Meth-
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anol, ethanol, acetonitrile, n-hexane and dichloromethane were ob-
tained from Pure Chemical Co., Ltd. (Ansan, Korea). Distilled water
was filtered using a vacuum pump (Division of Millipore, Waters,
USA) and a filter (HA-0.45, Division of Millipore, Waters, USA)
before use. All other solvents used in the experiment were HPLC
or analytical grade. All the samples were filtered by using a filter
(MFS-25, 0.2 um TF, WHATMAN, U.S.A.) before injection into
the HPLC system.

2. HPLC Analysis

The HPLC system is comprised of an M930 solvent delivery pump
(Young Lin Co. Korea), UV detector (M 720 Absorbance Detector,
Young-In Scientific Co., Korea) and integrated data system (Auto-
chrowin. Ver. 1.42, Young Lin Co., Korea). Injection valves with
20 pL sample loops were used. The HPLC analysis was performed
with a commercial C,; column (4.6x150 mm, 5 pm) purchased from
RStech Co. (Daejeon, Korea). The mobile phase was methanol/water
(30/70, v/v) [9]. The flow-rate was set at 0.5 mL/min, the UV wave-
length at 274 nm, and the injection volume at 5 pL.

3. Extraction of Caffeine from Coffee Bean Waste

The stock standard solution was prepared by transferring approx-
imately 1 mg of caffeine standard accurately weighed to a 5 mL
volumetric flask, and adding about ImL of methanol to the flask.
The standard stock solution was stored and further diluted to differ-
ent working standard solutions at 4 °C in a refrigerator in darkness.

The coffee bean waste was oven dried, sliced, and crushed into
powder for the extraction experiments. Selection of a solvent affects
the efficiency of extraction. Water, methanol, ethanol, acetonitrile,
n-hexane and dichloromethane were selected as extraction solvents.
Different methods of extraction were also investigated, such as dip-
ping, heating and ultrasonic extraction methods.

To obtain the total concentration of caffeine in coffee bean waste,
the feed was extracted several times with optimal condition until
no caffeine was detected by HPLC. The sum of extracted amount
of caffeine in each extract was assigned as the total concentration
of caffeine in coffee bean waste.

RESULTS AND DISCUSSION

The factors that may influence the extraction were investigated,



222 W. Bi et al.

Table 1. The factors that influence the decaffeination of coffee bean waste

Variables Range

Solvent Water, Methanol, Ethanol, Acetonitrile, n-Hexane, Dichloromethane
Methods Dipping, heating, ultrasonic

Time (min) 30, 60, 180, 360

Temperature (°C) 20, 40, 60, 80

Solvent/water ratio (v/v)
Solid/solvent ratio (g/mL)

0/100, 25/75, 50/50, 75/25, 100/0
1:5,1:10,1:20,1:40,1:60

such as different solvents, temperature, methods of extraction and
solid/liquid ratio and so on (Table 1). The removal efficiency of caf-
feine (RE) is calculated by the following equation:

RE(%):A%X 100
0

Where, A (mg/mL) is the concentration of caffeine in extraction
solution, A, (mg/mL) is the total concentration of caffeine in coffee
bean waste. The experimental results were as follows.
1. Effect of Different Solvents

The effect of solvents was investigated by using water, metha-
nol, ethanol, acetonitrile, n-hexane and dichloromehane. 20.0 mL
of solvent was used to extract 1.0 g coffee bean waste during a period
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Fig. 1. Effect of different extraction solvents on decaffeination with
different times (temp.=20°C, solid/solvent ratio=1/20 (g/
mL)).

of 30-360 min under room temperature. Fig. 1 shows that the caf-
feine in coffee bean waste could be efficiently extracted by polar
solvents and the highest RE was obtained with methanol. And there
was no obvious increase of RE after 180 min.
2. Effect of Different Extraction Methods

The different extraction methods such as dipping extraction and
ultrasonic extraction were investigated by extracting 1.0 g of coffee
bean waste extracted with 20.0 mL of solvents. In dipping and ul-
trasonic extraction, the powder was mixed with the solvent for dif-
ferent times. In Table 2, it is seen that the RE increased with the
time increasing. Comparing the results of the two methods, it was
found that the RE via the ultrasonic method was higher. However,
different from the dipping method, water showed a higher RE than
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Fig. 2. Effect of different extraction temperatures on the decaffein-
ation (time=60 min, solid/solvent ratio=1/20 (g/mL)).

Table 2. Effects of different extraction methods (temp.=20 °C, solid/solvent ratio=1/20 (g/mL))

RE (%)
Solvent Dipping Ultrasonic
30 min 60 min 180 min 30 min 60 min 180 min

Water 31.3 374 44.2 69.9 85.3 86.5
Methanol 374 44.8 54.6 58.9 71.2 79.1
Ethanol 4.9 8.0 17.2 11.7 14.7 25.8
Acetonitrile 7.4 9.2 12.9 14.1 16.0 44.8
n-Hexane 0.0 0.0 0.0 0.0 0.0 0.0
Dichloromethane 1.2 1.8 2.5 1.8 3.1 3.7
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Fig. 3. The effect of organic solvent concentration in water on the
decaffeination (time=60 min, solid/solvent ratio=1/20 (g/
mL), temp.=80 °C).

that of methanol in ultrasonic extraction.
3. Effect of Extraction Temperature

Different dipping temperatures ranging from 20 °C to 80 °C were
evaluated while the dipping time was fixed at 60 min. The results
are shown in Fig. 2. The RE increased with an increase of temper-
ature increasing from 20 °C to 80 °C. Comparing the results with
those obtained via the dipping method, the RE from coffee bean
waste via 60 min dipping and ultrasonic under room temperature
were lower than those for 60 min dipping under 80 °C. Heating was
found to be an efficient method for extraction of caffeine.

4. Effect of Component of Extraction Solution

Water was mixed with methanol and ethanol under 80 °C, respec-
tively, to investigate the effect of the component of extraction solu-
tion. The results are shown in Fig. 3. The concentrations of extracted
caffeine in coffee bean waste were greatly influenced by the organic
solvents concentration in water. The concentration of caffeine in-
creased with increasing organic solvent concentration firstly. Then
the concentration of caffeine decreased with further increase in organic
solvent concentration. The reason may be related to solvent polar-
ity and the solubility of caffeine. The polarities of water and metha-
nol are similar, so the mixture of water/methanol cannot adjust the
polarity effectively. In comparison with the polarities of water and
methanol, the polarity of ethanol is much lower than water and meth-
anol. In this case, adjustment of the ratio of ethanol/water can obtain
the suitable polarity for extraction of caffeine. Comparing the effi-
cient of the mixed solution and different solvents, 50% ethanol con-
centration in water was used in the following experiments.

The decaffeination of coffee bean waste at room temperature by
50% ethanol was also investigated. In Fig. 4, the RE increased with
the time increasing. The equilibrium concentration was arrived at
after 24 h extraction. It shows an economic method to remove caf-
feine from coffee bean waste.

5. Effect of Solid/Solvent Ratio

Fig. 5 shows that the extraction of caffeine increased with increas-
ing solid/solvent ratio. When the solid/solvent ratio increased from
1:5t0 1:60 (g/mL), the RE increased. It is obvious that the solid/
solvent ratio is useful for improving extraction yields. The dissolu-

100 o —0 ] ]
o /-
,..
L
o

g 90
w
14

85 -

-
80
75 T T T T T T T T
0 6 12 18 24 30 36
Time (h)

Fig. 4. Decaffeination of coffee bean waste at room temperature
by 50% ethanol (solid/solvent ratio=1/20 (g/mL)).
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Fig. 5. The effect of solid/solvent ratio on the decaffeination (etha-
nol/water=50/50 (v/v); temp.: 80 °C; time: 60 min).

tion of bioactive components into the solvent is a physical process.
‘When the amount of solvent increases, the chance of bioactive com-
ponents coming into contact with the solvent goes up, which leads
to higher leaching-out rates. The solid/solvent ratio of 1 : 20 (g/mL)
was sufficient to reach the high extraction efficiency.
6. Determination of Caffeine by HPLC

The decaffeination of coffee bean waste was dipping under 80 °C
with a solid/solvent (g/mL) ratio of 1 : 20 for 60 min. After filtration,
the residue of coffee bean waste was extracted twice at the same
condition. The chromatograms of these three extraction solution
are shown in Fig. 6. Most of the caffeine in coffee bean waste was
removed at the first time extraction and RE was 98%. The total ex-
tracted amount of caffeine after three extractions was 3.26 mg/g. A
calibration curve was constructed using the areas of the chromato-
graphic peaks measured at seven increasing concentrations, ranging
from 2x107* to 0.2 mg/mL. The measurement at each concentra-
tion point was repeated three times and good linearity was obtained
throughout the concentration range. The linear correlation equation
was y=69182.14x—219.5 (*=0.98) for caffeine.

Korean J. Chem. Eng.(Vol. 28, No. 1)
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Fig. 6. Chromatogram of extraction solution of caffeine from cof-
fee bean waste (ethanol/water=50/50 (v/v); solid/solvent
ratio=1/20 (g/mL); temp.: 80°C; time: 60 min). (a) first
time extraction, (b) second time extraction, (c) third time
extraction.

CONCLUSIONS

Solid/liquid extraction is a convenient method used to remove
caffeine from coffee bean waste. By investigation of the extraction

January, 2011

method, solvent, temperature and solid/solvent ratio, the use of water/
ethanol (50/50, v/v) with a solid/solvent ratio of 1 : 20 (g/mL) and
an extraction time of 60 min under a temperature of 80 °C is the
optimum condition for the decaffeination of coffee bean waste. The
total extracted amount of caffeine was 3.26 mg/g. The method of
extraction can be applied as a highly efficient, shorter extraction time
method for caffeine removal. Instead of 80 °C in optimal condition,
the use of room temperature is a low energy consumption extrac-
tion method for decaffeination.

REFERENCES

1. A. Nehlig, J. L. Daval and G Debry, Brain Res. Rev., 17,139 (1992).

2. T. W. Seale, P. Johnson, J. M. Camey and O. M. Rennert, Pharma-
cology Biochemistry and Behavior, 20(4), 567 (1984).

3. M. Daglia, A. Papetti, P. Grisoli, C. Aceti, V. Spini, C. Dacarro and
G. Gazzani, Agric. Food Chem., 55, 10208 (2007).

4. X. Jun, J. Food Eng., 94, 105 (2009).

5. A. Belay, K. Ture, M. Redi and A. Asfaw, Food Chem., 108, 310
(2008).

6. H. Icen and M. Guru, J. Supercrit. Fluids, 50, 225 (2009).

7.R. J. Clarke, In Proceedings of the 9th Coll. ASIC, 467 (1980).

8. J. Rofti, In Proceedings of the 5th Coll. ASIC, 179 (1971).

9. M. R. Rosario Brunetto, L. Gutiérrez, Y. Delgado, M. Gallignani,
A. Zambrano, A. Gomez, G. Ramos and C. Romero, Food Chem.,
100, 459 (2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


