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Abstract

Water is a major ingredient and comprises over 98% content of coffee. In this study, coffees prepared with

distilled water (L) and waters with medium (M) and high hardness (H) were investigated for organic acid, caffeine, and
eugenol contents and analyzed by sensory evaluation. Organic acid content was the highest in H-coffee. The contents of
chlorogenic acid and caffeine, the characteristic bitter taste molecules, were the highest in L-coffee. The level of eugenol,
one of the representative aroma components, was the lowest in M-coffee but similar between L- and H-coffees. The
sensory evaluation test, conducted on a university student group comprising 56 female and 47 male participants, showed
that L-coffee was the most preferred (42% or higher), but there was no significant difference in bitterness, acidity, body,
and balance. Results suggest that the preference index of coffee taste among university students may be different from that
of coffee experts who prefer coffee extracted with water of certain hardness.
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70LﬂEH gh=ol] JIZRIEAT fafo] o
AEsH 714*1/4% o|x7HA| ¢] ik
AAL AE S8 195 A8 5
2R 3HA| H%E} AL E oA $219
4 715AES ol st B}
W A&H O T AM|Rpe] e} LMol FrFetal §
2006). =R 101 Het A7 AT AHFE 20184 7]
FO 2 (3.53kg) AlAl A7 107 A7 AP 132749 3
dr AT AHEE 20189 71E oF 73294 2023

9ZA7IA] AT AR dd=3 JThKim, 2019).
34 ZHe] STt A7t 7= Ave 2 avel
d, 22]3 553 e 31 ZE23d Fol o]f
AO WH(Yeretzian 5, 2019), 719 HAEHE Mese=
1%_% 77 9] sto] #e]3 Juth. whEbx Fw|7t
AFd & de AT ol BHa=
4 JhKim, 2019).

719 ATE FE AT /A Freh BEE AF
o] 7k ¥4el ®slsle AT o]3etd AdE(Kucera 5, 2016;
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Toci 5, 2013; Wang 5, 2009), 73] F 7% (Czerny2} Grosch,
2000; Maeztu 5, 2001; Miinchow %, 2020), 28|32 7177154
¢l ZW(Kwon %, 2010; Bae 2014; Nieber, 2017; El-
Sohemy, 2019) & EJ‘E]I 9lE‘r. A9 2AlE ot Ay
‘?_FI‘Q’]' #dE Ao W, A5 4F W chlorogenic acid
f—f}ﬂ ‘ﬂﬁ]-(Farah %, 2005; Moon =,
F& 2% (Cameron 5, 2020) 5 =
e #AE ZHa JAHUL o)

o]Foj Mt FetkE t(Yeretzian 5,
2019). v AH xﬂZ.,] A e GAIQL Eol AP FEof v
e I, 2 29 TR wet FE2E ATTE LHRR] A
Sxof AEA FEFE mA= A g A= oJd3] w9
ot

=
7t A9 B o e

ool ol o9

o,
=
CE)

i;‘L

| 7
A

Cast Mgel 3o glold] T59) el o8

o|EL A9l &
F=5 7 HAY &= 71:49] e ]
A 5 9k oA RelA 2w sl AvlE
e 4 22 JFE A8t 29 3 F-s =
ARSskE Aol vl Tadel e ANE LA ﬂr(Pangeoron
1971). v]= 2#AE] AT Y3 (SCAANIME 108 AFE 7Av)S
2] 98% AEE AN Az)e] FoPEg

o= ‘I‘E‘SH LH\_.

2R 8] 7s she &9 dEd wet Aue Fwlol Ak
FFS vA F de Aol AARbEl] A &S % E &
de] AAs] AAE ZhaL olo AHE ARE Whstal vk
(Beeman 5, 2011). ©] XZZZQl HIAX = Ca*'-o]20] #H
FHlel FHAR S vE F UFE AXNGe ol A=
7F oW =9 #e FHo] AatHrte AFAed AT A
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o]tiWhelton &, 2007). ¥F#e)] Hendon 5(2014)& 73 2] Zu]
P gty AgeluA #A
J3l= 714t caffeine, eugenols
re EAS AToA &2 o FH IFE vAe 890 B
AL, & 2o Holle Ca¥, Mg”* 59 ]9 o 93|
AREE o|BH o= AASAE Welliger 52017y AT L] F
alel o] wjxe o v wWAYURS PEskA APt 4
= F7F 477t ol = HR3ARE o] Aol Y|z
H| w2 22 Hsly} Az 7424 B 34 93-S vzt
= A& oy AF4AFe AH T AREHE Qoksh
B Ate B Amrt A FE vXe JFd A AT

N

o

E& "R E AFEUY. £ ARE ZEde | A
Swole] ARAAE AL AT YTIRE FEEE A
A% e} &, #7014, caffeine, B cugenol®] FEE 4
of 7199 duwo] AAH A4S k= 719 I 49 =
o
=

AR 3l

i ok

J
&
ZE]

T o

=

2 B8 98] pH/Conductivity meter (Mettler-Toledo, Colum-
bus, OH, USA)E ©]-&3l F 23] w2 =43k pH} conductiv-
itye] Ba#akS AUtk A7) 2 FXES] pHEE conductivityS
7|22 B9 ALRE AA37] sl Al fIxgr AEE
o AHE 2H AYE F A EC] Bel e i 43S AR
ste] AT FEol| ARgshs Ag7ldA AdE =3 Sl o
Hx oz BEEe] e AF7IZRH AR £ conductivity,
pHe} Mg, Cadl ¥=E& 43t & &9 UES 44314
th ATEe] ATd B2 5= A dHH0=E AV
7] wZel] AEostw sz X

gk £8 FAst ATA|z ARSI Slsit). wEkA 7Y
=2 conductivity®s 71 AFEH =5 SHFFE 45t T
wel ES Eth g 29 AR wet $7 A M),
2 AR =2H)E EFst A9 Azl ARgsidlon, tixe
O 72 FHTFLE ARt vl E4sksdn

Ca ¥ Mg & 2M

Ca, Mg &2 F=4% ZFe=vHE%47](ICP-OES) (Optima
7300DV, Perkin-Elmer, Waltham, MA, USA)Z o]&3lo] =431
t}. ICP-OES #2418 $I3l Ar gasE nebulizer, auxiliary, plasma
gas YTl Z7F 450 0.6, 02, 15 Lmin7l H=5 3931
th AlRE AR BEE ARSI f5 L5 mU/min®? 9] 819A
1300 W =7100lA 33] wkaE7gdoa Xg)slqitt

Z4% Ca?t Mgl #HOEFE £9 AT (ppm)E the 2o
Rl

9] Z=(mg/L, ppm)
=2 TE(mg/L)x2. 5 IUF T 5 (mg/L)x4.1

7imle| M=

Aol FEHE E4S $3] Agtron roast color classification
71522 No. 45-55 medium-moderately dark Ale]2 ZAE =
ofgiul 7} F< F2Ele]7} Y (Terarosa, Gangneung, Gangwon-
Do, Korea)9} AE]-ZAE] Alo|2 228 ¥ 2X2E} GI 5
HEY Y% Mocha C&T, Dagjeon, Korea)s -Pll3te] ARE-31

th. olgfH|7} Aol 2RAE AFE 412 42 T ¥
71(MD40ST, Rancilio, Milano, Ttaly)2] #6 setting®|*] 5
2 FA 7+ F el&=zgA FF7](HSD-SILVIA, Rancilio, Milano,
ltaly)g ©]&3l A3 YL FE32m, SCAA Protocol (Specialty
Coffee Association of America, 20155 we} 3] &3 u] 15
g 9FE st 55 mLE S35 olFA A9E 2T
o AR 3EFe B9 Aol met 42t FRTFE o8¢ L-
AL, S AR ER FE2S M-AY, 183 7Y =2

o] BL ARl A471e £ FE HAYR HWEE

o

7{n| S0/dEe A

F71%F 2 eugenol w212 93l 7t #7714 eugenol EFEES
Sigma-Aldrich (St. Louis, MO, USA)IA +¢33e] AR2-3151.0
Zt AFES 1mgml HEF 2550 5994 stock solution2
=0l A18-39th. High performance liquid chromatography
(HPLC, Prominence, Shimadzu, Kyoto, Japan)°l Hi-Plex H
(Agilent Technologies, Santa Clara, CA, USA) ion exclusion
column (7.7x300 mm)g VAL AR 20 uLE: FUI T col-
umnS: 65°Ce] LECAM FAISIHA o524 0.005 M H,S0,Z 0.6
mL/min®] £E=2 Pap FEsiiict. EelEe EFES refrac-
tive index detector (RID-10A, Shimadzu)& =743t} 7} X%
9] retention time3} peak area® 71O E 7 HMEZES T
£ 243

Chlorogenic acid®} caffeine®] #4942 $I5] Agilent Technologies
2] C18 column (ZORBAX Eclipse Plus, 4.6x150 mm, 5um)2
Agilent 1260 Infinity HPLC System (Agilent Technologies)oll <1
ASIA column ovend] =5 40°CE FA3I9GTE A& 10uLs
FUSL olFHSZ 1% formic acid (A)$} 0.1% formic acid/
ACN BYS 1mL/ming] £%=2 AZHdoA A:B=95:55 12.5%
okoll 90:100. 2, 22.587F4] 90:102.E FA|8}aL 60%°] =
70:300] =5 WHIAIZ|HA E21E st £EEHE AR
£ photodiode-array (SPD-M20A, Shimadzu)ollA] 272} 325 nm<]
THEE Hol= peak S AUt Chlorogenic acid®} caffeine®]
EFELS Sigma-Aldrichol| A e gt A3 2™ 1 mg/mL
acetonitrile®] FE=Z WHE EFTEEY] retention timed} peak area
£ 7]5F2% 3lo] chlorogenic acid®} caffeine®] ¢ F=5 AF

&I,

HsAARt MeE =AL

73 AEAAE S8 AEUstm a4l dsld 241
ol it ARl LRI HS 243, 2019-0138) FAME
<859 T). Rancilio A 2ZH A FE7|8 0|83 13 & 9
15g9] #A¥ JFZ AFE3te] AL 55mLe] 7y 99& F528
) ALE3 FRFL), S AL EM), 22 AL EMHE AY
Hole 247t au) FAsle] L, M, HY 3%F AYE 9Eo] &
57l ARSIt ov A A Ayt SPE©| Arabica 7
o] Algke] et AXgre] Y5 317] wliFol| Robusta:Arabica=1:4
2 blendingdt AFE "HEo] AME-3FSITH

Az wWE L, M, HY| 3FF 22 T 3% A st
H5H7R= 200 SN ES 7IFo 2 AEUgw At 1034
(A 47, A= 56y tlidoz AT Aol Q= sk
S 300802 FA3a o)Al A el thEk surveyS AA
3thal 7SI error rates 10%= A4S ] 3k Iy
TE AT &, AF S0, of" M el W+ 33+
33 B 278 A2 g2 ghdoes B £ ok FHee W

N
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o]t} Surveymonkey AF2] &3 o] A] o) A (Surveymonkey, 2020)
“Calculate your sample size”5 Adjste] Aol Fas JAYFE
AR d43Q] 7FedS 23k confidence level 95%
oA margin of error (%)= 10%Z 3IH-S W] AFEo| Fojsjor
Sk FHA 1Yol 9780 ER 10004389 LS ez 7
¥ AeH7Ie) AEE ZAFE AAEIT

9 Aro wE AT &} nte] EAS wetshr] ¢
A AEHOd: FF, 3% e, 5 Ao R #F 542
stk A5 7EelA AMgsle B4 &3 note)E A
218l SCAA Cupping Forme Fxglom, At sk o
2 3 A5 ARs A, Body 7, 2249%, Balance & A®ato] ¥
7kttt A5H7ME fE 72 AT Al Tele 98 wkd &
2 FFA sk B, A g dsss AAHL AT
oS H7FEFAS W 37K AT F E]le] 7P s A
£ Sh I2E o R Asr ZAE B

J
==

? 5

7}
o
Ao

)

A¥ Axe BA 2ZE Q] SPSS Statistics 25 (Data solu-
tion Inc., Seoul, Koreays ©]-8-sle] Hg+AFAHAZ YeERNA L,
T =olAM FE2E A9 AEES TEAESY dRdes &
ol 7] £13l one-way ANOVAS} Duncan®] U HoZ A
A felds Wrlete] p<0.0s5e] FEAM 74 27 o8 A
Attt

=}

#n 9 DA

A
‘I‘XEI

g Eol HAoshke ARFH dvt Aol &5 78t
o] pH®} conductivitys 573t 22 Table 19141} 2ol AlF A

Joll ARgEE 22| pHE 6.59-681 A=F pH 7] &
olE YAtk T, FEEQ pHE 6.58 =S vehion o
AF714 -3 B2 pH 6.60 452 VeI ol ¥
Eo] 7= pH HH 6.5-8.59F F3}= 3 WHOoIA XA st o
E9] pH 71F 6.5-8.59%% F§= = Tl ATHWHO, 2017).

Conductivitys= tHAHZ 321.47-331.38 pS/em= EJAT 54 7
ujte] B8 15037 uS/emel #E YUER O 7FE v 3L(E)

O

O
e 2 2t

7 7P =& (D)9 conductivity’} 2 B o] x}o]7} WtTh(Table
). Be] Az we} FEHE A9 Aoy Fuvt tE &
Aers I W) Eof Awe} Ay Maw ko] JAAAE Al
Aoz BAsH o] A7E nlEgoz AHe Axe] E& A
43 HHglE AYE FE2T F USS vlstt

oM Axgs dAsks 7P T 94 Cat Mge] FEet
E9] conductivityE Table 19 2F3lAth Avlolld F=7E &
(B-E)?] Ca-s%E 10.12-23.69 mg/Le] AAE Jehhlen, 7}
=& conductivitys Hol= A7) (A Ca-v%7F 26.65
mgLE 7P B4 Yepdth T3 Z7) 2o Mg FEE 2.11-
538 mgLZ Cad} PRRIZIAZ g3t HaE Bt dwry e
Z AFFAA A= 47 2 conductivity 7 A= Ak
v BAE e wi el mE A B AEs
2u]] o]’de] }o]E B TtH(Table 1).

B4 Aol A Fr] AR Skl mEl WHO & 7158
9JFHWHO, 2017) 2% 261-312 uS/em®] ZE3+ 7<= (moderately
hard water)} A= 14-22 uS/cm2] A5(soft water)E TE] ¥
S & 4 S oK(Supplementary Table 1S). ©] A3EL AFu%}
o] A7) Eoluh Ak 7Hge] AGr] Eo) Fr] AFAb] m

2 Ame] 2 Aol2 B 4 e ova,

Table 1. pH, conductivity, the amount of Ca and Mg, and water-hardness in various purified waters

Water pH Conductivity (uS/cm) Ca (mg/L) Mg (mg/L) Hardness (ppm)
Deionized Water 5.9540.661 2.38+0.637 ND ND -
Distilled Water 6.39£1.015 4.06+0.395 ND ND -
Tap Water 6.58+0.053 313.45+0.511 18.32+0.015 4.31+0.211 63.47+0.866°
A 6.59+0.079 405.54+0.435 26.65+0.204 5.3840.171 88.68+0.867"
B 6.81+£0.019 321.47+4.645 17.63£0.111 4.12+0.094 60.97+0.475
C 6.76+0.030 325.49+2.375 23.69+0.271 4.52+0.257 77.76+1.253"
D 6.79+0.005 331.38+0.645 22.40+1.092 4.58+0.443 74.78+3.279
E 6.65+0.145 150.37+4.712 10.12+0.084 2.11+0.047 33.95+0.285°
All values are mean+SD (n=2)
A: water obtained from in-house water purifier, B-E: water obtained from coffee shop water purifier
Values that do not share the same superscript are significantly different (»p<0.05).
ND: not detected
Table 2. Changes in the components of coffee extracts prepared by different water hardness
Concentration (mM)
Coftee Citric acid Malic acid Quinic acid Lacticacid  Chlorogenic acid Caffeine Eugenol
L 14.55+1.145° 13.85+1.354* 22.89+1.255° 6.96+0.361* 2.69+0.393* 7.43£0.558* 0.54+0.049*
M 14.29+1.140° 13.2041.233% 22.53+1.467° 6.62+0.550* 2.48+0.094* 7.24+0.164* 0.49+0.038°
H 16.74+0.773* 15.66+1.155° 26.324+0.741° 7.60+0.274* 2.02+0.119° 6.48+0.223° 0.56+0.036*

L: Coffee prepared by distilled water (hardness, 0 ppm)

M: Coffee prepared by distilled water+purified water (hardness, 44.35 ppm)

H: Coffee prepared by purified water (hardness, 88.68 ppm)

a, b: Values that do not share the same superscript are significantly different (p<0.05).
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Table 3. Sensory evaluation of coffees prepared by different water hardness

Coffee Acidity (Intensity) Body Bitterness (Intensity) Balanced
L 2.84+1.112% 2.24+1.080° 3.17x1.1217 3.03£0.911*
M 2.8341.133* 2.36+1.316™ 3.01£1.116 2.79+1.028°
H 2.86+1.164° 2.48+1.235" 3.08+1.202* 2.93+1.106
L: Coffee prepared by distilled water (hardness, 0 ppm)
M: Coffee prepared by distilled water+purified water (hardness, 44.35 ppm)
H: Coffee prepared by purified water (hardness, 88.68 ppm)
a, b: Values that do not share the same superscript are significantly different (p<0.05).
7{m| F&E°| E0/ME o] T Wzl Aol FEEE ARE IS e wi(Table
A9 FEE ZEAYF Bo] Hrote] FAAAE EA o 2) A=E 2Eg 2ol 93 A9 FE2 Hendon 5(2014)°]
-?“ﬂ*i Hendon 5(2014)& Cast Mgo| v/t =555 5 &9 A5 A o] dEHA FUrt. 2y AAHE & o,
E7F BoldrE AY AR FEEC] oAl 933 9] Az wet {714 2 caffeine?} eugenol 28|31 7|E} AL
Tjr mebs 2 AFeMe & 7§E9] EYolE dEste FE3 PR = T Aot dre AL =0 AxE 2
AT A& T AME dehlis {713 2 o] AxedE FE3 7199 Tt HE F UES odvdth ek 24 A
&2 chlorogenic acid9} caffeine Zﬂl F7E AREHD F Lo wet FEHe AFSe] Hgt A5 Ass #4E F
9] 3}}el eugenol(Yeretzian 5, 2019; Hendon 5, 2014; Fla- Aol 2233 E3HAQ HrpbHo] I Q3T
ment, 2002)2 #2315 TH(Table 2).
9] A7t SRt wet FEEe i ] ARYE =8t
% 32l eugenok L-ﬂﬂ% H-719= M-719]0)] Hla] o4 9] A et FEd Al g As=E Hrlshr] 9
o8 Fe FEOE FEH 29 ARt SR e = 3 A&l A FQ oA 103 (A 479, ARt 56‘3@‘)
He s=7t tﬁﬁ}o}*\: A AL HolA] FUTh & S < AR iErtE AAElth ds ke A, Body 7, &
E]-‘/H\:]-E’_ 2237 chlorogenic acid®} caffeine v‘f"—‘if\‘} A, B gk, Balancedl] thgt 48H-5-2o] H7tell thal] 0- 57H < Fofsk= WA
=7t $7F8<4== chlorogenic acid®} caffeine®] F&-& 714319 o2 AASIStK(Table 3). FAH R & uf, F&5% #AYES] 7}
E‘r , L7171 ] chlorogenic acid®} caffeine®] ol —} 7} 2.69 3o )3 ute] AF LA B Ax =7l wE FHA 9
2 743mM_£ FoHog 71 Eekon HATE zkt 2.02 = HaE S Bole Bodyd d&E2 HAFNA 7P =%
2 648 mMOE FolHo 7 7Py Bre 3RS LERY ATk Table o}, &uko|u Balance @52 Hagks L-ATANAN 7M=& 3
2). Zhang 5(2017)%= Fuding N2g =2 F52 W caffeineo|t < Uehiley M} HAFN = A4 freldS vepiAl &

EGCG 52 A&7t W2 29N ¥ 52 §5E2 F2HS B
st o] dA-e vlwd 44491 chlorogenic acid®} caffeine©]
ol o3 FE2 1 o] $E7F WEFE o afFoeR 19
& reverse salting-in®] ¥4 2 (Zangi 5, 2007) HHE 5
Atk

Azl 218ks Yepll= f712KFarah, 2012) SllA citric acid,
malic acid, quinic acide &2 ZA=7F & H-AI A Foldo
2 7K EA JEieH L3 M-AT Atoldd e §2F Aol
S Ho|X] SUtH(Table 2). ©1= &< conductivity <205 uS/cm
olatllie Eoll o] e ol F&It YobA {714 F
o I mAE BHE FENIVF FETE AS 4‘31?}‘4.
Lactic acid= &9 AX7} & 2 FE3 H-AINA F=7t
F7RIROY BAA fode & F ok A AxE 3

7 ’1‘_% o] ¥xo] F I+ A+ LA

0.09 mM, H-A9= 70.06 mMo]

M ol ®lsf H-71=]9l 10% °1’d 4
s 5 2k 15 B3tk o3& HA9] A
zo ALgE %on ZollE 27} o] (Ca**2t Mg*)el FE7} <%
o Fe=AT@ Tt ST
o L-ojv} M7l Hal] H-
102 o 2dElth(Harris, 2015).
©]Z2 ©]H] Hendon 5(2014)° oJ3ll «5¥ npe} 7ol =9 7
T7F F7Kg wEt A FudRe] FUkek Aeolth et
AY FE2E T &5 functional groupe ZF3IAL = chloro-
genic acidt} caffeine 53 o] & &9 27} o] FEe F7to
e} FEo| 7aEE dEE 9o, eugenoldt o] 27} o]

AL Aol g AseE L M— H-AF A zto]E Kol
2ot ol It gl Ee] AFE Med of Balanced 5
3 7ol Adel| tigh AWHAQl A0 2 vhg Hrlshs FlolA|
2k, Body, 251F, Balance 5] /84 §2S pRah= uko] 3
717F dsatA] B3] Wiel HsAA] oA dawel A
2 ot AR FE4] BHEkt AHEAE & vy
o]¢} FALSHAl Kwon 5(2013)°] agh thghi S of
F‘ A9 e] FHH7E AFelA 3089 HIEY M=
H7tA BE FEAA Hapre] xolE BAANE AR7F AA
5 7k {94 e AFHE A= Zeh ol AHEe
e Wriete d ARFoR FHEEA 2 gyt gy
P ASee] WUHE fEide Aevh AdEe] HrE
2 e e & Havk dSS ovlgh
)

A 2o

9,

o, o2
L% e —\1

o

_ﬂ,

i

ol N
mfm‘w
_\T_1‘>,E[>,E[
o

il

= =2l caffeine, trigoneline, caffeic acid, chloro-
genic acid, quinic acid®} = BFEF} HEfo|= Fo] &l
G n|RE AR HIEo] tH(Yeretzian 5, 2019; Kraehen-
buehl 5, 2017; Hendon 5, 2014). 73] ¢] 13k Yehli= tE
A1 3291 chlorogenic acid®] 73-¢- H-AF X 7 WAL L-
79X 7P =ol F94 AeolE B L-# M-7F¢ H]
e F-2o04-8 $IUTHTable 2). Caffeine™= L-A¥|A F2H
o2 7Y E=STH(Table 2). H5%7F A3 L-ATAA 71 =4
ke W= Fo 2 Uged o= LA SAFLE F
2144 UAl chlorogenic acid®} caffeine®] F=7F =2 A3 A%
o] A&S AAFSHCH(Table 29} 3).

7Ade] gt F Ao S vAe =2 g g A7
Aol 28} acetic acid, citric acid, malic acid, lactic acid,



=2] =7t 7]

chlorogenic acid’t 2 2H9E UEPATE Table 2014 R vle}
2ol A Ake] 73 sEwe H-ATAXA 7P =A UEREAIRE
H5HIEA o] tigk Zfolg B & gtk ol 7AHe] o
AR f71aRe] s Age] AA A FE BSE A
HstE 7= weless 2Es] dhk iEEe] AlTA
chmE s A& 4 vkl FAE

717 ”}—4 AAHR] x5 oMst= balance= ”APQJ £4
zslR & tlolgte A Abdvitt =34 sige] d3s 57
+EE 7‘333??} e AR UeWle I & »1‘:]' % Al
e F714e] st 9 chlorogemc acid®} caffeine®] &%=7}
AY =& LAT dial] @axrt 7P ok J71 %—‘H](Table
ARk Eﬁi‘g a% A7 UR =& ARE A
2 A" ts] B £ balance

o 1o

A o

MST ZA}

A% ZAb] Foje dntk gig WA 1039 & “7} As
ke AFerolihs 5o F5 Ads dd 73 et =l
Halx] oF °1°J 14S A 874 5 36%°) 7ME As
sto] 7Y E2 424%5 AAATE MAT = 258OE 294%,
H-ASE 24 o_i 282%%] AEZ=E JERATHFig 1A). &g

Ak WSS HMSE ZAPIN ATE F 43] o] wiAl= <l
AE3R) T 17 ¥ol L79E Ad5ste] 51.5%F AAste] 719
E AT vAl= 199 ARl o)ite] LATE A rh(Fig 1B).
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Fig 1. Preference of coffee from a sensory evaluation test. Coffees
extracted with distilled water (L), medium-hardness water (M) and
high-hardness water (H) were evaluated for preference by female
(pale gray) and male (dark gray) student groups (A), and by students
who drink coffee at least 4-times in a week (B).
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