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Abstract

This study examines the changes in chlorogenic acid (CGA), an antioxidant, and one of its decomposition substances,
caffeic acid, at various roasting stages and extraction conditions. Based on the CGA content for each roasting stage, at
3C after the beginning of the 1% crack, the CGA decreased for washed beans and natural beans by more than 50% compared
to that of green coffees. The CGA continued to decrease sharply by more than 75% at the end of the 1* crack for washed
beans and at 5°C after the end of the 1% crack for natural beans. At the peak of the 2™ crack, it had decreased by more
than 90% for both beans. The Caffeic acid content gradually increased for both washed and natural beans, then rapidly
increased from the beginning of the 2™ crack to the peak of the 2™ crack. However, its contents were very small in quantity.
Additionally, the content of CGAs for differing extraction conditions were in the order of 3-CGA, Crypto-CGA, and
Neo-CGA. Crypto-CGA content was about half that of 3-CGA and Neo-CGA content was approximately 100 ppm less than
that of Crypto-CGA. This study was conducted in order to help make coffee that has the most antioxidant effect.
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M B E3 228 4o A chlorogenic acid 382 7HA9F 7

B9 Z7lol whE Gust 24 Aol el we A7 2t

22 gPrze I A e Aol ZAHEA  Sol HuHsith PASSS AP v GFe ATl 7
A9 7} 2780l vX= Gl g A7 BESHA AL Uk A wa, A Az o] APL4= & —‘:?SHE]O{ Zf 90%
Aol &= FAFS} 282 F|= caffeic acid, chlorogenic acidE A ZHageha 89 eh(Kim JY 2008; Glabasnia S 2012). 2

o)

3Z 313t polyphenols, alkaloids, melanoidins, caffeine S ThoFat Hoy 7HE o FAu 2&59] 3Aitsl auE v\ w3t i), 7
d<2°] ATHRhi & Shin 1993; Yen 5 2005; Vignoli 5 2011). o AolA EelHs die] s Hol I geFo] HobA
E3], AT &= caffeic acid, chlorogenic acid, ferulic Hid, Au] o] & S 3= A S8R Y= AL
acid(Naidu 5 2008), quinic acid7} ZgE o] Q11 o] AHu| 3 ‘éq’fﬂ At 2L o]4+= chlorogenic acid7} £33t 3H-& 74
= A AR AIRE 9 2o ofsf FE Wa=THCammerer = AA EalEo] o] E4o] TEoRl= RAE H=
& Kroh 2006; Perez-Martinez 5 2010). TFZ27F FAHEA FAeE 759 Y FE2 AAAT] 1
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0|t Glabasnia 5 2012; So 5 2014). 228 o] Ao wh
ot ZAEZ 0 Aol FA o WolAlA Hol Ak}t antrt
A Uttt stgithlo SJ 2014).

Kim YAQ2013)= A9 22" @A o2 353 J&
o] Wzte} &utmo] JudA AFE 3l 2L A A
quinic acid®} caffeic acid2 E3] %= A|HS 343} t) Frank
5= chlorogenic acid lactones®} vinylcatechol oligomer®] +
7Ne} EdoA &5to] Ukl gsln, =AY dAE 7+ A4
B 32 A AL ok £3], chlorogenic acide= 2AE S
AgPstd Skt s A § Aol =gk
43}31, vinylcatechol oligomer”} R A|3}=0| F7HHEca g
3]31 QJthFrank S 2008).

A AF-Eo| A+ chlorogenic acid®] @H4ts}; 283} g
AEE ATET QUANE 2AE0] AYPHHA F £3f= o]
chlorogenic acid7} Hgte] = &S gt A= w8t A
o]t}

A= AR A o] 749 7hs A IS AR, o
It EAS 7H e E 2A "ok &, 12 34 (dry pro-
cessing, W5&)2 HIT|7} 2kl (heavy in body) BF 5}
H(sweet), = (smooth) E-3+& Q1 FFu](complex) S 7}14]
3 glom, =AM|A] 37 (washed processing, YA E)2 HL Z+
L35} al(cleaner), T2 8} 9. (brighter), I}4 &K (fruitier)©] o]

+ W(Wintgens JN 2004)0]u}, Hit)7h oFgk T o] it
Hx o |3E -Z4(pulped natural processing)> A4 HA
Hoe 2F 8 o= A=Y vigE ¥ 7HX A 91,
Az FAEGE AEFHacidityy © 7HA2L Sl Holth
(Shin & Lee 2015). # 1] 0] J&A T} 7F2HHA] L caffeoyl
3} dicaffeoylquinic acid $HFo]l %82 n]X]=1d)|, monoesters
= 9 mEsiAL, AR o2 gAY = Ao A<
Ao A= ST SARE g2 dolAH 237 Fof
SA ok o] AR WEEA T R YA =EAT
A o & yeldti(Ivon F 2001).

AFe 2AY oA okt gmlep A A Ro] st
A "o &, 2290 o AE, FE, 4714L g2d F o
2 AJ&ol EHo| R 3Fo] EFun, T} ofn]i it
U2 0 2 ZFA 9] melanoiding A4 3}= Maillard reactioni}
caramelizationo]] 98] @F 1--9] Mo] YePITHKim 5 2007;
Kim & Han 2009). Kim & Park(2006)%= # 3]€5+2] s34
% IR HEE ol 2R AEEC R FESHY
AAISHA AATS 3 QAL A A RO wis)
o Y3t Azt vulg Holck

wjeb B Aol ZHEA e HAjo] The YA =ef
FH AFE ARESt AYE AT off F4AkEE 2] Ent

HAE Aot Y3 AvE &8 AYAz Bl kst & 24 313

U AL Hekshe A& dobE A} Jty 2AE T o
e} gHAks) ZH8-E2 2 chlorogenic acide} 71 EIEH F
QI caffeic acid®] &2 WaE AHEGLT, T FoflAl
7P AdEshe 248 9A 9 dFE AEsty gt &

ot gt ANE WE 5 U=S =g FuA Gk

ERETRT

1. =

2 AYPNA AR AT =GRt 22HE oA HE
Eggos 43 FuE ofe e o} At 72| (Ethiopia
Sidamo Guji) A58 7FE Aol et A=} 2 27}
A| 7hgHkAl o 2 JLHSte] 2 AE7|(THCR-01 Ltd, TAEHWAN
Automation Ind. Co., Ltd, Korea)2 o} AR5} TH

2ARE 13 Q) 12102 W2 B19Ue 248
HA oFgt 2AE ZQIEARE ST 7HH o= &S v
3t 24A17F &7 5 Al7| 2 Exl(whole bean)i} £ 715
(grounded bean) AAH|E JLESIe] MEZY 2 AE A2 3)9]
3}7] 9J5te] Agtron #(TRQ-300, Ltd. true systems Korea)S =
Hssc

ARE Table 13 2] YAES} e HEE o] 1
A AR 2AEE 13F 2 (crack) A (peak)S 1T
ARD), 12} 2 Fvt= ARES 284 |(R2), 12 28 vt
S5C o A3t AFHES 3FAR), 22 I8 AJ&bs 404
(R4), 22} 2 FHS SHARS)Z At HE2AR0)
12} Zgo] AJAEI 3T ¢ 2Pt Aol

0

2. 71344|0| CHE 7Hul|e| EAEl EHA[H chlorogenic
acid} caffeic acid M2 24

2299 AQYFe AYEH7|= E45+o] 20 mesh(KS

No0.20 mesh 850 pm, Ltd. Chung Gye Sang Sa, Korea)ol] E3}

AR & Ao A7 &4 AH(10 9 =AL FF980)

100 mLE ¥of 187+ mit 3 1087 W25t & 5 Foj

< okt d5=oll A7l £ 200 g¥ Hhol 104

4°C)7F YAIEE)7)(-1248R, Ltd. Ho] 27, Korea)o] 10,000 x

% 2" AENS 10 mL el

Ao 2E94S W F Tugo 59 W) uet Carer
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Table 1. Profile of sample for the component analyses of chlorogenic acid and caffeic acid
Roasting Temperature _ ) Time (Minute. second) Agtron #"
o Roasting point
degree (€) Washed (W) Natural (N) Washed (W)  Natural (N)
5 6.54 5.54 W 80.7 W 934
RO 197 First crack start + 3C
(Control) G 972 G 99.0
W 774 W 78.7
R1 202 First crack peak 7.54 6.35
G 99.7 G 99.8
W 615 W 65.7
R2 207 First crack end 8.26 7.30
G 69.5 G 79.8
. W 545 W 57.0
R3 212 First crack end + 5C 8.51 8.39
G 64.6 G 69.3
W 499 W 47.7
R4 217 Second crack start 9.58 8.06
G 56.6 G 623
W 45.6 W 438
R5 222 Second crack peak 10.07 8.19
G 483 G 532

D" Agtron#: Tt refers to the Roast Coffee Color Standards value suggested by SCAA, measured by a spectrophotometer manufactured by
Agtron USA. #50 represents the intermediate roasting degree (Agtron Roaster Color Kit 2019).

ol 1(21.9 g Zinc Acetate[Zn(C,H;0,)2 - ;H,0] + 3 mL glacial
acetic acid/100 mL), Carrez 228 11(10.6 g Potassium Hexacyano-
ferrate(Ill) [K3Fe(CN)g)/100 mL)S Z+Z} 0.3 mLA @11 A5}
1, 108-7F HF-8-3F & o 1}x](Whatman No.1, cat No 1001-150,
UKE oazxz Azt 287 595 022 um PVDF
syrige filter (Futecs Co., Ltd., Daejeon, Korea)Z oji}gt &
Table 2} ZH-2 "y © 2 HPLC(high-performance liquid chro-
matography) =415t

HEFEHL chlorogenic acid(CisH;509354.3 1 g/mol, =
95%(titration, SIGMA-ALDRIH, China)?] ZFA|RE 1,000
ppmeZ THE & stock solutionS A|R3FHIL, o] £HES 7}

Z} 10~100 ppm o2 ThEo] HEFAS A3 b3 A= o

Table 2. Operating conditions of HPLC

Items Conditions
Detection Waters™ 2695, Photodiode Array Detector,
Waters, USA
Column YMC-Triart Cys, 5 pm, 4.6x250 mm LD.
Flow rate 10 mL/min
Inj. volume 10 uL
Oven temperature 35°C
Detector 280 nm

- A: 1% Acetic acid / D.W.
- B: 100% ACN, B2l 8%~100%
(0~55 min)

Mobile phase

A =5 SHS

Chlorogenic acid9} caffeic acid®] $aF-2 photodiode-array
AZE717}F A2 HPLC(waters 2695 HPLC system)S ©]-8-3}
SERCEE

3. 71=34]0] CtE FHm[e| F==A0| [E chlorogenic
acid A2 =24

22EE AT FolA AE RSO YAI=S HFE AT 2
7HAE AdEste] ARSI F+E2702 Table 31} o] A|
ZHe] Zol(1: A, 22 A, 42 A, AHEsh= & 49
Zpol(AHw=Fe] Sull, AulFe] 8ull, Huj=Fe] 154)), =9 2
0](20~25°C, 60~65T, 90°C o|Ah2] 371x] WFE= THs AT
7 22249 B} 225017 229 3-O-caffeoylquinic
acid(3-CGA), 4-O-caffeoylquinic acid(Crypto-CGA), 5-O-caffeoyl-
quinic acid(Neo-CGA) A& HA3}tt

LFLe A9Er|2 B35 & 20 mesh(KS No.20 mesh
850 um, Ltd. Chung Gye Sang Sa, Korea)o]] T3}A|71 & A g
A BAAT(5 9B SRHDW)] Table 37+ o] Ha)a
W&, 2w e FEshdc

FE220 et F2H AR 25 §HL2 oA

oz Zdsto HPLC #4313tk

1) FEAIZHE(Minute : A) FEH M=
22EY UEE ARHR 24510 20 mesh(KS No20
mesh 850 um, Ltd. Chung Gye Sang Sa, Korea)o]| TI}A|7] &
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Table 3. Profile of extraction condition
Washed (W) Natural (N)

Test methods

Liquid measure (g) TDS (%) Liquid measure (g) TDS (%)

1 min. Al 71.00 1.88 70.00 1.83

Time" 2 min. A2 68.00 2.08 69.00 2.14

4 min. A3 68.00 2.12 72.00 227

Amount of coffee X 5 times Bl 45.00 2.64 46.00 2.75

A‘jv‘:t‘:;)"f Amount of coffee x 8 times B2 98.00 1.69 88.00 1.83

Amount of coffee x 15 times B3 195.00 0.84 192.00 0.95

20-25C Cl 78.00 1.18 77.00 1.35

Temperature of 60~65°C ) 71.00 1.88 70.00 1.89
water”)

Over 90T C3 72.00 1.93 71.00 234

D As a result of testing the difference in TDS value, solid content and extraction yield according to the extraction solution and the immersion
time, a gentle extraction curve between 0.5 and 1 min., a slightly inclined extraction curve between 1 and 2 min, and an abruptly inclined

extraction curve between 2 and 4 min.. And between 4 and 5 mins or more, a gentle extraction curve was obtained. Therefore, we selected
1, 2, and 4 min., that is the time interval of the largest difference (Korea CA 2016).
2 When extracting coffee with water, use less than 8 to 12 times the amount of coffee in proportion to the amount of coffee used. Therefore,

based on 8 to 12 times, we used less amount and more amount (Lee JG 2016).
% Extraction temperature was selected as follows: room temperature (20~25C) for Dutch coffee, warm medium temperature (60~65C) and
high temperature (above 90°C) for normal ready-to-serve coffee (Korea CA 2016).

Ao 2YF B A"(15 9B =AL FH4(98TC) 75 mLE
Fol 1327t wyt £ sl AJZF <t RSk b F Aol A

2) = : B) =Y M=
2299 AFE 9k 2ol 245t Ao 2 24
) FHO8C) AT EFE Hol 1

ZF BN F 1 B WA W H Al Ay 2EAL

e e

3) FE2CH(Temperature : C) FEH =

2284 ATRE Eajsto] Ao A=z E4 A5 9F
3 L= ZFHSHDW) 75 mLE Fof 187 wuk 5 1574
WA st ¢ § Ao A8 FEHE weith

ZZz Ao w2 chlorogenic acids 3HF EA412 Qtoj A A

L
Fohe AR B Pun FAsi

4. EA2M(Statistical Analysis)

nE 79 EAEAL2 SPSS 17.0(SPSS Inc., Chicago,
Illinois, USA)S 0]—9—0}0:] BARELA(FALY] B2 712] ANOVA)
C 2 AR T FEEFHAR Y eH, ARE HAS
Tukey’s multiple comparison testo]] @} p<0.05 $=ZofA AA
skt

E< a

#a
M

1. 71384l0] C}E F{m|e| 2AE EHAIE chlorogenic

acidz} caffeic acid M& &t
7heHAo] T E YA =S FE dFY 2AY WAE

67(RO~R3)Z Yo ZHzF9] Al& o] t)gt chlorogenic acid,
caffeic acid?] AEE BEA3lgtt A=ZL 33 vrE sy
(0=3)F+ 2 FEZA}E HS3Gch

7VeRbAlo] o2 Au 9] 2AE WA chlorogenic acid
(CGA) 9] JEWM3I= Fig 13} At} 2RO} A9 2AY
DA SO3EL 0.001(p<0.05), ATEEYE oI5
0.021(p<0.05)2 chlorogeneic acid®] = Z}o|7} PA3| &
o5ttt A& HoEth

Fig. 12 228 dAo] 2 A=} Y5 AF9 chlo-
rogenic acid(CGA)2] g W3lolt). RO A= 7o o
3 CGA -2 2,001.8 ppme] ™, & A7l it CGA
3R 2,101.8 ppme 2 7 &btk o] Kim YA(2013) &=
ZollA UEhd ¢A = *ﬁ—‘u:—ﬁ"l CGA ¥ 4,073.48 ppmo] H]
St Axt o] sigE = Aol

2Ag0] AYPH4-E CGAY =2 FH A=Y RS
dA oA HAE AFE= 3779 ppm, WFEH HFe 4854
ppmE UEFHTE ©]= RO H|3}| oF 18~23% Eo]E%2H,
Kim YA(2013) =0l Al AJAIZE 72 CGA dige] Blsf of
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Fig. 1. Variation of CGA contents in the roasted beans
according to roasting degree. Mean+S.D. (n=3). F=202.192,
p=-000 (p<.001 standard) between RO and roasting degree,
F=11.123, p=.021 (p<.05 standard) between RO and variety
of roasted bean.

90% ol HAaHE Ae & 4 Atk ol AHESoE 4
CGAZ}F Zaf = o] 72 CGA ol 90% ol E°l=

+ d72Het LA s= W8oltHKim KJ 2001; Kim YA
2013; Lingle TR 2019).

B 2AY dA A WEE AYrE YA E AR A
HH2 o 2 CGAS §3ol o &7 Uehdth 53], A= #
1]+ RO A R27HA] 2,001.8 ppmel 4] 901.1 ppmZ F2 5}
Hadhe v, WEE ¥F = R2(1,488.3 ppm)of| A R3(949.7
ppm) oA F43] Faske As & 4 ATk CGA &%
o] ROS HI8} 50% ol 3L, AF(Kim YA 2013)0] H]3}
75%013 E0lE= dAloIth o]= CGAE A= AH7}
4 Ay vjg] YRS IS dA T=rhes Ivon F
2001)9] g7 ZHE SHHY T Aol

oA 2L AR Fofl e RS 25% A==
97171 fslids FAIEATYE 1% 2o Fuv= Al o]
7R, WEEe 13} Ado] Brha 5T o AWF AH o4
7= 2AYEA] Totop & Ao deEHnh

Caffeic acid= 3HANSH 2H2-2- 3= AE £9] s chloro-
genic acid=2 FE| 228 o] ZsjEof wlg} quinic acid} T
AgH JE F9] sfvto|t(Ivon F 2001; Kim YA 2013).

7Au| o] 228 gAl 2 YAES} Y D79 caffeic
acid®] AJEH 3= Fig 29 2ok 22RO} A1 2AF
SA Y] §OJHE-L 0.000(p<.05) BFo2 §oJ3t 2}o]
7F WA, Auzks SAE o] o082 0.122(p<.05)%

L

Fig. 2. Variation of caffeic acid contents in the roasted
beans according to roasting degree. Mean+S.D. (n=3). F=
54.618, p=.000 (p<.05 standard) between RO and roasting
degree, F=3.449, p=.122 (p<.05 standard) between RO and
variety of roasted bean.

caffeic acid®] &=F z}o|7} F-2JstA] rgtet.

T 7HA ¢ 9F 2% 22" UPLFF caffeic acid 2
o] A2} S7FHAIRE 1 A= ofF awFol3len, RO-R4
A A= ALY AR Tt 22 F7181th7), R4QE RSTEHA|
Atolof A YAIE AT 22 ppmolA 3.3 ppme =, Y5
A5 2.5 ppmollA] 3.1 ppme= A F715HATE o] A |
2AYE ¢ Pt TF caffeic acid TFF2 71 A
oz e, e aFfo|BR A4S} AHgo FERFE A
Aolgils 7Isty] ofglE A= oAtHch

E99H 52 WA (HE 7))ol 3| =EFA|7]|(-OH)7} & ©]
A ATt A7 23 s EdE AEA ] g4
BEE o] 1 F77} 47 A7 Yk T Anjeas
chlorogenic acid7} & Z3¥&29 HEE(90%)S A}A|5kL
Sloml, A% & §714 FolAl 1 e vFE At
UTHMun SY 2017). FAH| 2= AF Ax A iy 14%=
AygaFo] ZAtcH(Glabasnia 5 2012).

Chlorogenic acid+= quinic acido] caffeic acid”7} ester 23S
313l 1o, CQA(caffeoyl quinicacid), Di CQA(dicaffeoyl quinic
acid), FQA(feruoyl quinic acid)®] 37]¢] o] AA 2 ZA st
w2hA chlorogenic acid®] k-2 3719 o] JAA ] & &
FHKim YA 2013).

Chlorogenic acid= gof| E2A35le] 2AH o] AP 4=
chlorogenic acid= F4E2 ZF4a3d}o] caffeic acid@} quinic
acid= 2| A9 caffeic acid d&-2 v B4 0] = ¥H,
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2 4E50] o Wol A4E Ao mojHr

Ivon F(2001)7} A|AJSt v} ZHo] chlorogenic acidofl+= hydro-
xycinnamic acidsZ 7}4 quinic acid2] esters@} caffeic acid 2]
o ferulic, p-coumaric acids 5 T2 AEEo] AE Ao=

o=t

2. 71348Al0| CHE 7| FEZ240]| [HE chlorogenic
acid 8E=9| &&F H|w

An &9 Z8|v| &= esterdE quinic acid +2& A|d
27t 9] ot I e 2= caffeoylquinic acid, feruloyquinic
acid, dicaffeoylquinic acid 522 Folglil, 1 2|o|%= coumaric
acid, dimethoxycinnamic acid, sinapininic acid 5©] ¥A = gich
(DOI: 10.5772/51687). L ZFoJ| A caffeoylquinic acid= 3-O-
caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic
acid®] BAER A5t ok I F2= Fig 33 Ltk

3-O-caffeoylquinic acid+= chlorogenic acid(3-CGA)2] £33
ojm, #Au} AF £Hof E0f = HEOE FYEA| A
A8 sk Efvs SEEAolth oA vt AFEHEH
Al Aol oA FatolH Ay, FRAA, Tt 24, &
ool £4< 7ML Yk 3-CGAs 2=, AATAE 23
313l Q1&d S FAIAIZITHOlthof 5 2001). 4-O-caffeoyl-
quinic acid= 9T Crypto-chlorogenic acid(crypto-CGA)o] 2kl
Edrh ot AES0A daEE EHEEA oddt
Lokt S Afets b $83% 98-S rKTakeoka &
Dao 2003). 5-O-caffeoylquinic acid(5-CQA)+= neo-chlorogenic
acid(Neo-CGA) 9] AgHAo]m, HF Ao} ZHe ulE 1o
A EA == Hlsatolth. Hydroxycinnamates 357 o Z 3
| A Edolth &, AUEAAGW A AELE A st
bz A A2 S Eoletl &£97F Atk(Noratto 5
2009).

olo] A7 thoket 22270 ofaf 22F T Zalui

A 891 chlorogenic acid®] £79E S Aty H it}

1) FZEA[2H0| IIF2 chlorogenic acids(CGAs)2| &2k Hlx
FEANTE 2t FEEY CGAse| JEHI= Fig 4
o Zth AR ¥R FFEY FYE2 0.001(p<.05),

Q HO,_0 OH HO. 0 0H
MO O e OH —h " | OH
¥ ';»‘ A N L 5 @
* .'::.|:>1| HO 0" i i H
L, L L e T T
oH L 0 4]

Fig. 3. Types of caffeoylquinic acids. Left figure is
3-O-caffeoylquinic acid; middle is 4-O-caffeoylquinic acid;
right is 5-O-caffeoylquinic acid.

HAE Aot Y3 AvE &8 AYAz Bl kst & 24 317

A1
e N A2
=—NA3
WAL

~=Wa2

e WAS

Content of CGAs according to
extraction time difference

neo-CGA 3-CGA crypto-CGA

Fig. 4. Contents of CGAs according to extraction time
difference. Mean+S.D. (n=3). F=16.695, p=.001 (p<.05
standard) in the type of coffee, F=149.149, p=.000 (p<.05
standard) in the chlorogenic acid type, F=18.947, p=.000
(p<.05 standard) by extraction condition.

CGA T74E FY4E2 0.000(p<05)0]1L, =224 79
SF BT 0000<05) 02 o8 XolF A vepyct.

ZZA7to] W2 chlorogenic acids®] 73S 3-CGA,
Crypto-CGA, Neo-CGA <=°]%lt}. 3-CGA+= Crypto-CGA ] &+
Sl wla) 2 A= o &3kl Crypto-CGAE Neo-CGA|
u]8) 100 ppm BE © £& A0 vekgth 71E WhAle] o
2 AnE 4 B2 Anzt YAE Azl ¥la) chioro-
genic acids®] ¥-FFo] T & AL YEhT I FolA
WEd ALE 48 553 Zo] 3-CGA 788.1 ppm, Crypto-
CGA 453.5 ppm, Neo-CGA 357.1 ppmo.2 7}4 %7 Uepg
I, YAE ARE 1E 53 o] 3-CGA 574.3 ppm, Crypto-
CGA 331.13 ppm, Neo-CGA 259.06 ppm &2 2 73 A
Eht.

2) FE2H|0f| 2 chlorogenic acids &2 H|

FEE&HE 2E 55 CGAs g2 Fig 59 &
ot ARSShE AR FRE FASES 0421(p<05)2 79
gk Zol5 HEhf A gk, chlorogenic acid 73 9
it 2851 Zolo| E F9 =2 0.0312 0.000
p<05)22 {3 2olE YErth

ZZg2H0] B2 CGAs9 H3FHE 3-CGA, Crypto-CGA,
Neo-CGA <=0]9ith. 7H¢ w2 /32 vetd A2 Y34
A& o]gste] AnFe suf EFOoE &3 Aol 3-CGA
956.7 ppm, Crypto-CGA 548.02 ppm, Neo-CGA 430.02 ppm.2.
2 7P =%, GAIE Aol Anjge] 15v) EYOE &
gk A o] 3-CGA 263.39 ppm, Crypto-CGA 156.89 ppm, Neo-
CGA 11455 ppmo.2 7} w7 ey
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Fig. 5. Contents of CGAs depending on the amount of
water used. MeantS.D. (n=3). F=.688, p=421 (p<.05
standard) in the type of coffee, F=4.500, p=.031 (p<.05
standard) in the chlorogenic acid type, F=42.487, p=.000
(p<.05 standard) by extraction condition.
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