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Abstract : This study investigated the optimal conditions for efficiently removing caffeine from green coffee beans using
supercritical fluid extraction while preserving the key flavor compounds, trigonelline and chlorogenic acid. The results of the
experiments conducted under various pretreatment and supercritical fluid extraction conditions revealed that the highest caffeine
extraction rate was 90.6% and it was achieved when green coffee beans with a moisture content of 35% were soaked in hot water.
However, this condition also showed a tendency to slightly reduce the retention rates of trigonelline and chlorogenic acid. In
the supercritical fluid extraction time experiments, the caffeine content decreased as the extraction time increased. Furthermore,
extraction at a temperature of 60 °C and a pressure of 40 MPa was the most effective in terms of both caffeine removal and flavor
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compound preservation. As the amount of water added increased, the caffeine extraction rates increased, but there was also an
increase in the loss of flavor compounds. With an increase in the solvent-to-material ratio, the caffeine removal rates improved. The
optimal results were observed at a ratio of 250, which achieved a caffeine extraction rate of 91.0% and retention rates of trigonelline

and chlorogenic acid of 99.9% and 85.9%, respectively.
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Figure 1. Chemical structures of typical coffee compounds.
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Figure 2. Schematic diagram of the SFE apparatus.
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Figure 3. HPLC chromatogram for caffeine, chlorogenic acid, and trigonelline (a) before decaffeination; (b) after decaffeination.
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pretreatment conditions.

9] H]E&(water/CO,)°| 0.5%= Lottt A A}, 2L
ol MW @ UW R} HWE &8 A%o] ey 227

ZA4ke] HEgo] =t 11 FolAE, HW-159149] HE
°] 93.2 3l 99.9%% 7Hg &3kt Hio], HW-152] 7H <l $

E2 71.8%E Rt 7HQl &80 7MY U 242
HW-3594 90.6%& 7} &=qtth.

S8 2 v w SR, 25%00A 35%% Z71eo] et 7}
HQl F&E0| 7ol ATFS R} o]+ Peker et al.[27]
9] Axe} o] An YT 29| F=o] HEILrE &9
AE7F BolofA| 1, 849 EHH YEE gl FE0] %

Ho| 8 g 35%7HA] = $EE0|

ZE U 5

e

oN
N
==
ol
o
ko)
N
=~
)
b
_?L
e
oM,
OS‘I.',
S
r

S5 SRS 35%7



£ A3 7hiel oA e Eo e

an

3 2224 S HA0E AR 225 A7 207

Table 1. Mass balance before and after extraction according to pretreatment conditions

Coffee bean weight (g)
PEZ:Z?::I:H Before decaffeination After decaffeination WF;T;E?E;) fi::eoz;l’)y
Before drying After drying Before drying After drying
HW-15 50.1 41.7 60.4 38.2 0.05 91.7
HW-25 55.1 41.5 76.0 56.7 0.05 99.9
HW-30 42.0 29.6 52.1 29.0 0.05 98.1
HW-35 46.2 30.0 543 28.8 0.12 96.3
MW-35 43.1 27.6 49.1 26.5 0.05 96.3
UW-35 48.1 33.7 60.5 329 0.18 98.2
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Table 2. Caffeine extraction and flavor component preservation component according to S/F ratio (Extract conditions; 60 °C, 40 MPa)

. Extraction Caffeine Extraction (%) Preservation (%)
S/F ratio .
time (hr) content (%) Caffeine Trigonelline Chlorogenic acid
70 2 0.51 42.7 99.9 20.5
135 4 0.35 60.7 99.9 18.4
200 6 0.19 74.7 99.9 83.8
250 6 0.19 91.0 99.9 85.9
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Nomenclature

Supercritical fluid extraction (SFE); hot water (HW);
microwave (MW); ultrasonic wave (UW); -9 5 AL H|&
(S/F ratio); CO, thH] &2] H]-& (water/CO,)
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