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Comparison of Mineral Contents and Sensory Characteristics of
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Jung Hoan Kim" - Jun Bong Choi'
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Abstract

This study investigates mineral contents and sensory properties of commercial bottled water in Korea. The
contents of calcium and magnesium in the samples were determined 3.399-85.470 and 2.619-27.390 mg/L,
respectively. The mineral contents of bottled water samples met the code of regulations for drinking water,
for the hardness was determined 19.2-326 mg/L and the pH was measured as 6.31-7.74. As the sensory
characteristics of bottled water samples were evaluated by S-point hedonic scale, the samples which were
below 100 mg/L of hardness had high acceptability. The acceptability was positively correlated with freshness
(r=0.706) and sweetness (1=0.253), having a negative correlation with metallic taste (r=-0.402) and astringency
(r=-0.234) (p<0.05). On the other hand, calcium content had a negative correlation with acceptability and
freshness (p<0.05). The pH of the bottled water represented a negative comrelation with acceptability and
freshness, so the good acceptability and freshness were shown in the low pH, positively correlated with the

intensity of metallic taste (p<0.05).
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(B 2014).
T Akgle] g ® 91 87 0%
712 Fd ool FUHE A met 5%
Elo] EoluiA, S-82] AH|sid
A3 9 9 S F8AIEk, 5
AN His AE 5o AF 9F= Wglstn
(Teillet E et al 2010). $-2]uetollA] AA1H
B S5l wzw A7t
(58.0%) %k Am]A o] f(42.0%) =
w8371 AgetA Fria e
FJTHKim YS 2006). 7HLiche] 723
£ vAlE olf7t Bt WjEo R gEe vl &
1%, 37287 PHE o] fr 2 $HET vl &S 25%
9 THLevallois P et al 1999). T3k X &~o] 749
47%°] SEAE Bub wjite] ¥y BFE ol &
3= o2 AU THDoria MF 2006).
Aol Euke 514, 7t E wAES v R
o AR UAEY 2 Hde A
HRedEd 5 AH Aol & veh=
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kS 2-8-3F M-index S 7)3tsto] 5370 k4o
BEEAS Frlste A EE UK Lee ST &
2011), ©] GA| BSHALE A &A= Btk
AR o mE= 59 gto] H4dd wpet 247] o
23 A EF7EAE Fasiv, 53] &9 Az
KM= AHEEE B FU1E g A E Sl
FAE Fshs Ao m Hojx|a YKol et
HkQl<: 2006).
o]o]

| ¥ As oA AldE = WY A
714 e FAbel . BEEAS Hrtslo],
o

Lo
—d



Al A%e] B4 Gt s 51

{Table 1> Description of the 7 samples of commercial bottled water

Abbreviation code Catchment area

Ulleung-gun, Gyeongsangbuk-do
Jeju-si, Jeju
Cheongwon-gun, Chungcheongnam-do
Yeoncheon-gun, Gyeonggi-do
Evian, France
Cheongwon-gun, Chungcheongnam-do
Seogwipo-si, Jeju

QMmoo aQw >

Food type Date of manufacture

Deep sea drinking water Aug. 6, 2013*
Drinking spring water Oct. 14, 2012

Drinking spring water Oct. 18, 2012

Drinking spring water Oct. 12. 2012

Drinking spring water Aug. 11, 2011

Drinking spring water Oct. 8, 2012

Mixed beverage Oct. 7, 2013*

* date of expire

o ol F s%E e Aol vt PSS
S EFLaE 2 1301900, TUF AFES)

AR E <Table 1>3F 2t}

2. pH &8 2 V& ZEEN

A1 &) pH &7 o= pH meter(Model 730P, ©|
28, A& o]&3tiTh

S 5714 9] e ol = ICP-MS(Inductively
coupled plasma-Mass spectrometer) S ©]-83}%1 2.
™, Thermo X-series II(Thermo Fisher Scientific
Inc., USA) 2 A 119 33] A& #41e A9
sto] P gk Fote] AbEskeith ICP-MS9] &+
A Z7AS <Table 2>} 2t}

b
B4 239 L o AAsgon, Hiel @

sek, 34 oIk, 53 vi§ Ferhom B
S Wew F44 0, A9 e %7t
itk AAHL F15E 9N 58 A=W
v dok 3% wEolth, 53 il Eoh o=
Brhesict

4. SAXE

WAL Aol gt FAA 2] = SPSS WIN
120 22375 o] &3l3ith. Be5de] A&zt
A AL F-EER B, 5% £
oA frel/dol &l 7%, Duncan®] thsH <
717 (Duncan’s multiple range test)Z 2|25 A
== AT Tk TeEAd Rl
572 Pearson’s correlation coefficients AF=3}

At

1. pHOt 2V B2
Agel pHS $1A FFe 24
<Table 3>°|4] H.i= nle} 2t} Hi= AEQ] A]

{Table 2> ICP-MS operating conditions for quantification of minerals in the samples

Nebulizer type
Carrier gas
Rf power

Gas flow rate

Nebulizer flow

Auxiliary flow
Cool flow

Concentric neb
Argon
1400W

0.92L/min
0.66L/min
13.2L/min
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{Table 3> pH and mineral contents of the commercial bottled water samples

A B C D E F G
pH 6.60 6.31 6.88 6.54 7.46 7.33 7.74
Minerals, mg/L
Boron 0.466 0.014 nd" 0.006 0.002 nd 0.003
Calcium 10.310 3.399 14.630 23.740 85.470 30.350 5.201
Copper nd nd nd nd nd nd nd
Iron nd nd nd nd nd nd nd
Germanium 0.008 0.025 0.013 nd nd nd 0.016
Potassium 6.756 1.889 0.697 1.089 1.153 1.604 40.680
Magnesium 22.720 2.619 5.140 5.538 27.390 3.593 3.640
Manganese nd nd nd nd nd nd nd
Molybdenum 0.005 0.009 0.005 0.005 0.003 0.003 0.006
Sodium 7.559 3.962 1.165 3.230 6.012 3.367 5.453
Silicon 0.033 9.426 3.386 6.534 5.276 4.601 11.360
Strontium 0.046 0.018 0.085 0.079 0.378 0.083 0.072
Vanadium 0.001 nd 0.001 0.001 0.014 0.005 0.013
Zinc nd nd nd 0.012 nd nd nd
Hardness, mg/L 118.9 19.2 57.6 82.1 326.0 90.6 27.9

Ynd: not detected

B, C, D, E 2 F2] pH & 6.31-7.46°]%] 21,
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pH7} TheFate], ojgefotellA] &%= bot
tled water$} EE2] pH7} 5.8-84% HIE o
™(Cidu R et al 2011), 2=# 1A mineral water
9] 7% pHE 6.8-8.2 (Moreno L et al 2006), X%
229] bottled water= pH”7} 5.80-7.55 AT Teillet
E et al 2010). %3} Parry J 5(2001) 55l 3
% 7%9] still mineral water2] pH7} 7.12-8.10°]
L, 7%
5.05-6.302.% H 313} t}

Age] Zhr ke 3.399-85.470 mg/LE 1
Fe] ztol7h A vebdth W w5
739 2.619-27.390 mg/Lo.2 Lol Hléﬂ*ﬂb
1 gape) Aol sk AN A A B U
7 990e B4 sk 4 o

sparkling mineral water= pHT

fr o

 F
it rh
ro

1’4 ool Al AlF#E = bottled
Ao w2, T e
£ 8-325 mg/L, u}:uﬂ* e 1-56 mg/L

o2 HuE9Oom(Cidu R et al 2011), Z|S10]

A 5% mineral water®] 7% LgEohae

22-141 mg/L, ZEFTFE 0-71 mg/L 2 Had

v} 21 31(Moreno L et al 2006), oA F-5

= oAl F79] bottled waterS A3k A3} 2

FFE 1.6-522 mg/L, PFaHEEES 0.5-113

mg/L2 H 1= t(Teillet E et al 2010). wEhA]

Syl A FEEE He A8 5o Afe

FraA G val At vhavlEe] ko] B

Ao g e o g yEith gk SuloA] X

AR T A okre] A 3w ge] Hat

ek 7.80 mg/L 2 1.89 mg/Lel Hlg|E S

FFe Hdet ole Al HeE AlFe] A

Aol Al AAE S 2E7] S8l midlg ol

Fho= ] wiEo g ALRE S
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Z4g Y rkvlg e R AL
A% 19.2-326 mg/LE ﬁWQC’ibE
7} gVAE(2014)0] W= & 27
mg/L °]3HF3& 300 mg/L °|s}, ¥
4 1,200 mg/L ©]3HhE WH=53S Odt‘r TS £
ol Zud vivlgel = TS Aot
60 mg/L °]3le]™ A4, 61-120 mg/L-S 23t 7
“~(moderately hard water), 121-180 mg/L-S 73,
181 mg/L ©]/¢-2 3173<(very hard water)Z 7
H(WHO 2014) A& B9 CE A, A8 A D
9 Fe ot A, AR Fe 2452 FEEIh

9] Aee ut O]QO‘]J— BEE YW 871
eho] g I of| A OﬂE]fQ«] g iFol S7HA
7% S (Park YG 2004), =
kgl FA FaFs nRIThel g - uikls
2006). 572]”]9/] BFAAE, FHFE AHES A

SHT 2 AF7] Ao vla HaEEe
=

—4_4

(¢

T o
f‘»’i"b} HTEP:”CJ gafo] =7 Uehl,
Foll 2 zte]7h FAEAHAM 5 2005).
%}v ol 4, YES 774 2 Zaude 1
E AlFNA 74154045-_13]’ HLg 27 7] %
T 1 gleel sle ARl 2014),
250l 7% A8 G7} 40.680 mg/LO. 2 7HE =
k=t o] A& G7F KHCO: & A7IgE 2% &
Zo|y] WjFoz AlgHt)h AzZnkEe B4 A]
Fo|A 0-0.025 mg/L 7 ZQO}OL} A 2ol
71 o] th(E7 5 2014).

?7\\?17]_%_01 H 1__

2EEF BE AE fiEe] glof, o &
©] 0.018-0.378 mg/Le.Z UEl=t, HEs 4

o,
()]
wW

27121 4 mg/L o|stEA 1 7| WSS
th 1 Qe HeE FAV|EdA 58 FlE
o] A=l U= H ?1’4, d 9 gk

7714
BE AlRCA HESA @er, 475l
1.0 mg/L ©|slR] B-42] A5 0-0.466 mg/L HE
H A, ofde] A% F271FE 3 mglL ©|ste]
U AIED oA 0.012 mg/L7F AEE 0.0 o]
°lo] RE A|RoA SH ] Gkt whebA] F

718 o e RE AV He B 7SS
itk

T3 eyt T 7lEe] fled
Hel &5 7ledde ?‘é%‘; 7150l *378301
= T, d, 9 wte] A% EuY V=
Z}z} 2.0 mg/L, 0.2 mg/L ‘;—l 0.05 mg/LMJ%(EU
1998), ¥ Ao A= A8 57t 1

ol filel F+A71ES BEan

2. M=NZO| &S &M
AFAre] B 542 <Table 4>} 2t} ©
JeE 53 HER 1.76-2.409] WSS Hol
AX s YehtA edske
Al 5% AR 1.55-2.059]
Fre] Al Apol= gllh
deE 50 AR AR F, G ¥
2.40, 2.34 2 2080103, A& C, D ¥
, 161 2 15002 A Hrie Sl
(p<0.05). B4 Bte] =7t 7HE <ofgk Ao g
H7td A8 A9 A
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{Table 4> Sensory attributes and acceptability of the commercial bottled water samples

A B C D E F G F-value

Sweetness  2.07+1.08"  2.07£1.09  1.87+0.85 231£129 1.76£0.92 223+1.15 240135  0.890
Astringency  1.6740.91  1.80+1.09  1.80+0.88  1.55+0.65 2.05t1.00 1.68+0.63 1.83+0.71  0.680
Metallic taste 1.50+0.86" 1.7240.94™ 1.63+0.81° 1.6140.69° 2.08+1.04™ 2.40+1.41° 2.34+1.06° 2.916
Freshness  3.64+0.60™ 3.59+0.75® 3.61+0.69 3.95+0.51° 3.09+0.62° 3.43+0.77° 3.24+0.71™ 3.741"
Overall = 50 073% 3.46:006™ 3.6560.57" 3.83:0.59° 298:0.68° 323£090% 3.00:083 3442”7

acceptability

™ significant at 1%

" Mean + Standard deviation
2)

Mean scores within row by the same letter are not significantly different at the 5% level.
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{Table 5> Conelation coefficients among the sensory attributes of commercial bottled water

Sensory attributes Sweetness Astringency Metallic taste Freshness Overau.
acceptability
Sweetness 1 0.155 0213" 0.146 0253"
Astringency 1 0.504" -0.261" -0.234"
Metallic taste 1 -0.302" -0.402"
Freshness 1 0.706"
Overall acceptability 1
"p<0.01

AARE A5
(p<0.05).

Aldg ute] ZAEr Alm3te] folAQl Afeo| 7t
et = (p<0.05), 55 A =2 AlE D, A, C %
B7} 3.95, 3.64, 3.61 & 3.59% Egtom AR F
9} G7} 3437} 32491, AR E7F 3.09% 7 &
U THp<0.05). TEF ALk ute] Zre= HAAQ
715%0] =98k Akl

AAAQ 71525 57 A== S4e A3, Al
2D, C, A % B7}3.83, 3.65, 3.59 2 34622
= vebstom ol HIZ7kA AlgE Atele] A
;‘q]xqo] 7]jt‘.‘;_ 09]2401 ;‘<}017]. Oj\oqq. 1 94
o] A& Fo} GE 71557}t 3233 3.09= A&
C, A 3 Bl HJ3] Hskom, A5 E9] 7l§+t
2988 71 Wkth(p<0.05). Lo BT YA
& uglE A 2o ZEE 10-100 mg/L
7F AAdsitha AlFeE vb 9l=tl(Koseki M et al
2003), & Ao Ao He ’%E%«l vy
100 mg/L ©]slQl Al5E2] A xﬂ 71557} 7
7} 326 mg/Lol A&

AFr| 7o) FsEATE A %erﬁ]{— <Table 5>

F 2 Goll Mlalne Jwrt ekt

olA Bz ule} 2} HAAHRl VEEE AldE
are] 7ol Bl #sk o H (1=0.706) T5EAITE
Vg e ARRAE HATHp<0.05). T A
Aol 7arE whute] Zm(r=0.253)9 % (1)<

FABAE oo A=
(=-0.402) 3t &3te] Am(r=-0.234) k= ()9
&S HERH AT (p<0.05). 3 /‘1 Azt ste] 2
TE et A= (=0261)9F 254 o] 7

T (r=-0.302)9} FeA9l *Urﬂrﬁﬂ Helom,

A
=57

weonte] el F4A4 we] e (19 A

A e ATH(p<0.05).

3. IZJ7|XI oI-E'_t_LJ. =§ '|]_|.9|
A pH, P 4 2 AR HeE
A 7ke] ARAZ B4 AT <Table 67}

2},

50l pHE AAZQ 715w e At vt
A=t ()9 FAAAE Uehdo], 2HdS Eg
% AR Vsmel ALY vte] ot 1%
=, Lee BWS} Lim BS(2002)& 2 E=59] 44

HHE T Avz=e Ax2AM =9 pH7L
6.0-7.5¢ W 7MY =2 AFE FE 7S AL
gt glo] & doke thE Zieelld Aew
ATt B3 H=wo] pHot 554 Bl 4
EE B9 dHo s pHIF 225 B Yehk:
S K p<0.05), Tute] A= 9 Hente] dxe
pHe} felAQl FadAE UehA
Whelton AJ 5(2007)2 Hie Bl A4

H9lE 6.5-8.5 QEl, 6.5HTF W 9 F<; gho]
Aehm 8.5 o]de] A= avt vt =Ava B

75}9%“%
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{Table 6> Conelation coefficients between physicochemical properties and sensory attributes of commercial

bottled water
Overall
Sweetness Astringency ~ Metallic taste Freshness era' .
acceptability
pH 0.021 0.080 0.282%* -0.300%* -0.286%*
Minerals
Boron -0.010 -0.048 -0.161* 0.099 0.096
Calcium -0.103 0.097 0.098 -0.199* -0.185%*
Germanium 0.006 0.028 -0.066 0.008 0.025
Potassium 0.111 0.019 0.157 -0.145 -0.150
Magnesium -0.108 0.069 -0.061 -0.117 -0.094
Molybdenum 0.037 -0.013 -0.118 0.109 0.099
Sodium 0.009 0.029 0.013 -0.115 -0.135
Silicon 0.089 0.035 0.154 -0.103 -0.128
Strontium -0.110 0.121 0.097 -0.238%* -0.209*
Vanadium -0.002 0.112 0.245%* -0.325%* -0.315%*
Hardness -0.115 0.095 0.042 -0.185% -0.165%
"p<0.05, ""p<0.01
A THp<0.05). é ol Aol daFele Z2a Al B vke) o] Be5d7ke] felAQl g
ANEE el e m AN A BEd (9o 4 AR g Bel S8 Bl 217t
AR Holt oR UEhter(pe005), B BeSAe] L M)A 5 9 Aow F9e
adlge] e eS| AuREArE el B 5 USlth
UA] 2E9kt}. Koseki M 5(2003)2 Z-53ao] a8y B AP 9] gl gkl g
10-20 mg/LR A% ©uty} & 71a =0t £k Ak, 3k, A 40]-2(Whelton AJ et al 2007)°|
H, 100 mgLl At 25 Wrkn Hnsy Ul A4S AA8H Wk ol ee] gae
oh g 512 5o ute] AeAeE el 2 #A55ATe] AERAAE BT Wl
<=, 259 A5 dAZ stol] 34 S FF gol TR mEE F1E g 7]
XA Cre] gHegol wlElsk=t] vlsl, YEF % 9 de5A te FHAR1 Aot A8
3 2EL Cro] 24 W 7 5Es) gadTn Hojol @ Rolth
1 1135} tH(Whelton AJ et al 2007). =3+ 223k
FTER EAY W 7lawst For, 7, 2 3 V. 28 & %

oA 0.1-1 mg/L WRto]ofol ah, W YA
A 10%-10°0) 74| 2] 3FeF Afo] & Hol=H|, 4
A2 e ol sk oo R FRE uff vol
g5 3A v]E 4 At (Marcussen H et al 2010).

2o AxE AAAQ 7|aEe} AP gt
BEt (1o dHEAE YEY AErt B
ol g &RjAe] 7|aert 1 1%??} Pls
A ISV R KeR=1 Urﬁ}wu}(p<o 05). Tt

32 o rlo 1o

EE]
¥H
s} a7} YRR %9}2»}, Table 541

AL AAER e T A
78] Al A A=

ot 59 ¢

mg/L o]at=A] QA%

§3tel Alme 14

.2-326 mg/L7}A|
ALstnE 100
sttt ICP-MSS ©]
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gharo] 73-%- 3.399-85.470 mg/LE ko] Ajo) 7}
A7 vebgto), BE AlR7E He =] 47
olfe] F1AS ek Ao E S UL
S F71 - ofal vebs pHEES 6.31-7.74
S = AT

Al = o] AAAQ 7| EEE A=t
Q] zto] 7} YA I(p<0.05), H5EAT 713
ARBAS A9 A3}, Aer) @ pHt =
2o| 7|35} B JERom(p<0.05), HA|
9l 715%2] <9+ D (3.83), C (3.65), A (3.59),
(3.46), F (3.23), G (3.09), E (2.98)2] <=°]|21t}.
AR A 7 aEE Al gke] 7}

AN

i
fw

<

@ oo Lo Lo

Lo BEEk] o1 (1=0.706), ©EHr=0.253)I %=
(el ZHBAE FEH AKp<0.05). WHA A

Aol VErE F&EA] vt 7 E(F—O 402) 2 o

onte] BE(r=-0.234) % ()9 B F
2 YER ATHp<0.05). T3 A3 gte]
BE(r=0261)% =54 B
(=0.302)9} f-o]2Ql AAEAE Bgon

eote] Breh 254 vte] dre ()
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a7} »}E}»m 2
o ok, 2t u}mﬂw e 54 el
B A (1)9] FREAE Vet Bl &

Fol viadlgel val B 554 vte 4

o

0.

sl =71= AL = YelTHp<0.05).
Aol pHE AA|Z el 71 sl Al ute]
AEot ()] AHRBAE YR, S Eg

= J‘Kjx‘ﬂ%] o) 7]

=

T} AL Bk eUt =4

B oH, 35744 B AEs (h)e e
2 pH7} =555 =4 YEFthp<0.05)
B2 ==

T AR g9 Al 21d 39E 2

Abeta #eEA e RS Hrkeld 78
#Fo] 3.399-85.470 mg/L,
2.619-27.390 mg/LJt}. W3k T+
714 @%l HAeEe 7271 ol ol
o, ZAEE 19.2-326 mg/Le] W= UEhge
H pHE 631-7.74% S =AU 53 == @
TEAS HU13E 23, 100 mg/L ©]3te] HE A
5 AN BE9 AA A 7|ZEr) =t HAZH
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