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The Effect of Cooking Water on Sensory Property and
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Abstract

The purpose of this study was to investigate the sensory properties and consumer preference of Korean menu for
different cooking water. Mineral water (MW) and bottled water (BW) were used as cooking water. Sensory attri-
butes were derived by qualitative evaluation, and preference tests were conducted using the duo-trio test and 9 point
likert scale. Mechanic properties were also evaluated. For the sensory attribute, properties such as tough, greasy,
glossy, salty were derived when cooked with MW. For consumer preference, overall taste, aftertaste, and degree of
sticky of bap were significantly higher in MW than in BW (p<0.05). The preference for the rich flavor of sagol
broth (p<0.05) was significantly higher in MW than in BW. Preference for taste and flavor of omija-hwachae was
higher than BW (»<0.01). In the mechanical properties test, food material boiled with MW showed higher property
for cohesiveness and gumminess (p<0.05). In conclusion, cooking water with high calcium and magnesium content
has been evaluated to enhance the palatability of Korean menus such as bap and sagol broth, and thus it is con-
sidered that various Korean menus can be applied. This suggests that dietary calcium and magnesium intake can be
increased by using cooking water with a high calcium and magnesium content.
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Table 1. Representative Korean menu items in the survey

Group Menu"
Rice Bap, Ogok-bap
Porridge Patjuk, Samgye-juk
Jelly Dotori-muk
hot Tteokguk, So-gogi-guk, Gyeran-guk
Soup Galbi-tang, Samgye-tang

cold Oi-naengguk, Kong-guk

Kimchi Kimchi, Dongchimi

Stew Kimchi-jjigae, Doenjang-jjigae

Side dishes Jang-jorim, Gyeran-jjim

Beverage Sikhye, Sujeonggwa, Omija-hwachae
Bouillon Kelp stock, Anchovy stock, Sagol broth

"The menu was written in the Roman alphabet suggested by National
Institute of Korean Language (2021).



7 REE

Al &2l A4

AzE Al AR AlEe AR FEAAE AT
DA A A AFFE HAEE LA A A
H, A& AFAlels Ad7] s sdsiA Alsl
A Alge I AlE 871(8.5x5.0 cm)oll Hol T8-S
Gof sigelAl A AT 72+ Alge] &7lde ¢
A e Al 2] 2AkE 7Idsken, Al gt
A A AASFAT HEo], 7t Afo]atelo A€
22 Y& Ao ol AR FFE Hatsir

8 yo
o 4

)
[o

=

Zy FHES &

2 74go] = AR st oH, 24F Xelof Hal| 1F =

EZo| wel 27t SR =S TGS A
A=

=

Z(appearance attributes), &
(odor/aroma attributes), S(taste attributes), =2} 7H(texture
attributes) B0 % 1] w3 4 QA ST}

dole il }m} s, Yo ;491 vﬂ@a— 08 o
sy guz TAET ARt AAE SAUR ALs
A SR, 15R] BIHE nhH Fol = whEA] 108 o]
Aol FANLE TS ST

2HIXF 7S5 AL
2HRE 71 3% AR dolF ZARA xpel ) Ho) s
g ol FE AAsle] A 2R 7| S 2AF AR
Ae HFF 3049 Hde 2 75 ZARE AAE)

Al AARE &2 fid 28 U FHS AT E &
= Brke o FE ARz o) gk, 9 vl F
tha Brhssivh. B7HAe A& A =49 9T
a3tsl] flef A A 5E A s

71 S ot

225 % 249 AR 54 Watel g Hrhe
s 7R, e vl B By, 37 FRE
AYstgom, i aet 3 3%

hesiveness), ©2 4 (sprlngmess), 774 (gumminess), 413

% (hardness), -3-%“d(con-

- ol

A (brittleness) 52 B4 AALS APt 7142 EA
W7te= %574 *(Sun Rheo Meter compac-100, Sun
Scientific Co. Ltd, Tokyo, Japan)= ©]83}o] =43} ).

Zvkel e 158 ¢ A2 F AT FA1S5 em)
2 A2 F AES ARl AT 2§] e )
= 248 5 , L B

probe= A& 25 mme] YEFo]
4 mm/s distance: 5 mm, load cell
] O]'Mq-
SAXE R Az A g
dold A Ashe olWAA fold HHEISO
10399:2004) 5 7|02 oS AFath A8 7S
ol o} Agze 4ol e EH2E A= Students’

Ux I

oX,

ttests o] 83t EA31H 0 H, p<0.05, p<0.001 F==0l|A]
FAAS HASsA. EAoE SPSS 26 (IBM-SPSS,
Thornwood, NY, USA) X2 1315 AL8-3}9] T}
#n g o
2171 EM
/|1 1o

1"& ATAA AAIS 2452 g2 W F 187P7<]94 Ll

208 710 tHTable 2). Hth
ARGA] o] B EEESSL
)7

»}E}wu} et 93 )

éa@ﬂ de Aol o*o* o, Az
ohel 2} szolA L, ol Aon, 28
e AFol terget. o
7y EHO] Jepsken, )k

E2l A8 FEO| L, eI g 5
A2l AHgA A ) ﬂXl
3ol A Ao BrAmgon, HATE 4
AN f7ol AT, 3 o] A3, 718717} B
He etk QoldFte Az S A Uu
e o] S S8 e, 3
=7k ok 2] weptonl, BAvs] Ao

Jm
O_u
o r1o
>
& o m g =

H

jniei)
"N
)

BN 5
rlo
o = X N >5é11m4>u:%;&nﬂ£rxlr$i:£oirlr fr X o

m oﬁ,
w 1°
o 2y

aT ARG Aol ZelAE 54 el 23]
e ARzS A AE7] 247e] e,

o, A%, AAF 5 R

B
AN
dehheinh 8RS BeE AWEeF ASA TR,



Table 2. Sensory attributes of 18 menu items with distinct
properties according to cooking water

Menu Attributes for MW"
Bap Glossy, Elastic
Ogok-bap Elastic, Glossy, Hard(seed),
Patjuk Very Sweet, Salty, Thick
Dotori-muk Salty, Sesame oil flavor, Astringent, Hard
Tteokguk Tough (rice cake), Salty
So-gogi-guk Light color, Tough (meat)
Gyeran-guk Salty, Chewy
Samgye-tang Greasy, Light color, Tough
Oi-naengguk Bland taste
Kong-guk Thick, Salty
Dongchimi Salty
Kimchi-jjigae Dark red, Sour, Salty, Hard (solid ingredient),

Taste strong (spicy)

Doenjang-jjigae  Bland taste, Hard (solid ingredient)

Jang-jorim Sweet
Gyeran-jjim Salty, Soft
Sujeonggwa Strong Cinnamon flavor, Bitter, Spicy, Sweet

Omina-hwachae Sweet, Dark color
Sagol broth Thick, Rich taste, Light color

" MW: Mineral water
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Table 3. Sensory analysis using duo-trio tests
Menu Correct Incorrect Significance”
guess (n) guess (n)

Bap 38 26 *

Ogok-bap 28 20 NS
Patjuk 22 14 NS
Dotori-muk 26 22 NS
Tteokguk 29 19 NS
So-gogi-guk 17 19 NS
Gyeran-guk 55 49 NS
Samgye-tang 23 17 NS
Oi-naengguk 32 32 NS
Kong-guk 20 36 NS
Dongchimi 38 22 *x
Kimchi-jjigae 24 16 NS
Doenjang-jjigae 51 13 ok
Jang-jorim 16 16 NS
Gyeran-jjim 37 31 NS
Sujeonggwa, 28 8 Rk
Omija-hwachae 71 29 Rk
Sagol broth 39 15 Rk

" Statistical significance was analyzed by BS ISO 10399: 2004, *p<0.1,
**p<0.05, ***p<0.001

LUOIM ZALE S5t Xfo|AlEHAL

e el A Hrs S8l gl wer 54 2
o] 7} Yrebb= 1870 WlFrollA] dold AAE Al A3t
£ Table 30| AAEATE B A}, 22 FHo wet
A, AN, T8, LuRpsEA, AbESS 1 oy sk 2k
o17F 594 (p<0.05)o.2 A dE o, Jvte] A= 2
o7} A E = Ao Z YEITHp<0.1). X}C’M%@/\Pﬂ A

ANE 1874 M F 671
S8 A0 B

sl g zpol o] 7t

Aol AP o] 7Fsgk 6
%7%1711 TR, L AskA, AR
}6}%E}(Tab1e 4). 3ol thet 71 5= A}
oA zﬂﬂ&@ 7% E(6 79>5.96)2] ¥ 7] 5 %(6.93>6.20), 2]
7H6.68>5.65), B utel 3t 7] T %=(6.75>6.03), ¥ 23
AE(6.37>5.48)0] et 7T E7t AFxEF AFEA] 79
202 A JEPSTHp<0.05). AlF &= Z w3} gk o

3 713 5(6.96>6.00)= p<0.001 FFo = AFZTF A}
S fFoF oz okt dvte] A Axe) 7awes) A
Pz 5 AFEA] folA o7 =4 Jehd AL A4 v
adls 59 AF7E AEste] HEgke] 4 Age 23l
AIZ13, olwf M YA7t B Ajtete] whe] R
Sl Tt A =4S FA7] wEelea Azd
ok o]t Aate Aol AdS ket g R
o] FH 7l Hls] E=RthE Ha (2003)¢] Ao}



74 us)g -

Table 4. Consumer preference for 6-items

Bap
Characteristics
MW" (n=30) BW? (n=30) p"
Overall liking 6.79+1.52 596 +2.17 0.018
Appearance 6.93+1.20° 620+231 0.013
Odor and smell 6.51+1.54 631172 0363
Preference for taste and flavor 6.96+£1.53  6.00 = 1.57  0.0002
Preference for texture 6.68+1.65 5.65+3.51 0.007
Preference for aftertaste 6.75£1.18 6.03+£1.89 0.011
Preference for stickiness 637+245 548 +£2.68 0.030

Dongchimi

Overall liking 6.17£243 589 +2.02 0433
Preference for color 6.55+1.68 6.65+1.01 0.620
Preference for flavor 627+1.70 631 £1.86 0.910
Preference for taste 5.86+3.19 572+242 0.736
Preference for aftertaste 5.68+2.50 5.79+£2.88 0.818
Preference for sweetness 548+297 568 +£2.79 0.601
Preference for sourness 5.55+3.18 5.65+2.80 0.799

Doenjang-jjigae

Overall liking 6.06+£1.63 568 +£2.50 0.203
Appearance 5.79+1.88  5.62 +£2.38 0432
Preference for flavor 579+1.59 596 +1.60 0.538
Preference for taste 572£1.99 568 +£3.07 0.928
Preference for texture 6.24+2.33 579 +2.02 0.141
Preference for aftertaste 5.824+2.00 5.58+3.17 0.553
Preference for savory taste 548+2.11 541 +£3.32 0.858

Sujeonggwa

Overall liking 5.86+3.19  6.03 +3.61 0.651
Preference for color 641£1.75 621 +£2.10 0404
Preference for flavor 5.86+234 621 £1.88 0.231
Preference for taste 576+£2.83  6.14 +£2.48 0.295
Preference for aftertaste 5724349  6.00 £ 1.50 0.392
Preference for sweetness 6.10£2.81 628 +£2.06 0.620
Preference for bitterness 5594232  6.03+1.68 0.294

Omija-hwachae

Overall liking 6.89+1.52 6.75+0.97 0.798
Preference for color 6.75+£2.04 6.68 +£1.00 0.564
Preference for flavor 637131 6.75+1.18 0.109
Preference for taste 7.10+£2.23 644 +£1.54 0.010
Preference for aftertaste 6.58+196 627127 0.331
Preference for sweetness 6.79+2.52  6.55+£239 0499
Preference for sourness 6.62+195 6.17+093 0.135

Sagol broth

Overall liking 513+1.83  4.89 +£3.38 0.467
Preference for color 524+297 524 +£397 1.000
Preference for flavor 5.72+£227 5.17+236 0.107
Preference for taste 5344237 4.72+3.56 0.107
Preference for aftertaste 4.82+221 4.65+237 0.524
Preference for rich taste 462+131 3.72+£1.77 0.038
Preference for umami 475+£2.61 4.13+£3.76 0.092

YMW: Mineral water;

Y BW: Bottled water

9 Data are presented as the means=SD.

¥ Statistical significance was assessed between MW and BW using
Student’s #-test.
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Table 5. Texture characteristics for steamed potato and sweat potato

Boiled potato Boiled sweet potato Boiled tofu Double boiled tofu
Hardness MWV 1,656.24+125.21% 2,141.39+168.30"% 162.73+16.42" 172.55+4.93
(g/em?) BW? 1,402.94+60.90 1,531.03+£132.49 147.69+9.03 168.61+2.11
Cohesivness MW 217.65+27.79™ 97.14+16.07 99.70+7.85 100.29+4.36
(%) BW 66.23+41.33 73.35+14.29 100.36£6.91 100.90+6.18
Springness MW 100.23+0.41 93.23+11.50 91.60+2.83 93.59+2.29
(%) BW 99.79+2.01 86.19+13.24 91.81+2.56 93.63+2.02
Gumminess MW 566.38+40.10" 392.38+38.35™ 28.83+3.83 30.56+0.87
(@ BW 280.48+9.22 223.56+35.88 2635+2.27 30.01+1.75
Brittleness MW 600.87+36.93 399.05+21.97 26.49+4.16 28.60+1.07
(g BW 527.65+71.63 425.08+35.88 2424+2.67 28.12+2.06
DMW: Mineral water
2BW: Bottled water
9 Data are presented as the means+SD.
¥ Statistical significance was assessed between MW and BW using Student’s t-test, **p<0.05.
AAIGE 247F2] 9] gAE T S 1870 HlFolA HErre] 7 ¢ US AR AZEI, ewxisA|e] 739 7]E st
7t 54 B4 A3t g2 deldon, AAKes 48 o] AU &3} veht oud w3 MR 8
25 AHA HEzE F ANs)e 2A vae @ $ 9g Aow A B3 T2 109 o] )%
she TEA S40l tehdeh 48719 24 B4 BH w7k B9 AEREel A% 22 wol27 HE
A7t e 187 W g dukl gt Aol F, W, S, AT F UdY BF, AR Y5 &
AALE s Ao = S, 28], @30, 77934, e Hog HAoHEn B A3 Az 24 9 nadg
Sr Ak, AFZE el i ) wirel A Aol Az Fo] = APxFE TR A4 v Hgo] s
7F fFed oz Yeyth 2ol aE Aot ot 6714 g Ao E AGFHIT, o]l HAE T3 ZEF E rladlE
Hirel] sk 7155 A A= i, 2u)AkskA, *}%%fr TFS SN F JE ol 2 F JSS AlAETh

ol tal 71540l FelHoR BA Uehgr) v
Aol et 715w 2APNA = 92 7B, A 7]§
, Skl tigk 7%, ‘,ﬂj'iﬂ 7}?_1] Aro| st 7] 357}
=7 vebgkor, gt g

=
/\El
o gt 715 oA %‘f‘?ﬁiﬂ? 841 frojHes sk
o}
]

57} feldom wgron, }—g ol A A2
dotel tj@ | 5E7k frol Koz Bt
Azt 540l AAA BA A za F Ad7lel A% =
o AATE 0] TEAE Yetos, ot £ 2
To) 71A2 54 Bk A A, $14, A4 Fol feld
o FolE A% 4B e A T 5 Ak B4
A B A ek ARkaa A e] B4 Aols Quk
o 3ol TRohe Tl $9 FRel 240 JFel ¢
& A0 vk Aol v, AR ARge
ol 1 54 A} e A0 T 4
ARHoR, 2% B ki PPl Be 49
g olgate] 4 g xS W AR} sﬁé%
A2t Aol Aol tiakat vjireln HrrEglon,
TS el vlasel 150l ke 3
L Zow dehgeh wel 4% 7140l AR 98
chgabl AR R Wi el Al ksl

e}

En‘.

z&L

o},
2]
5

1-)4

T -

Olfo M e

HAlel =

2 ATE 01998 ()98 A58 2
o} 8 A AU

ey
o
i3

Conflict of Interest

No potential conflict of interest relevant to this article

was reported.

References

Casado A, Ramos P, Rodriguez J, Moreno N, Gil P. 2015. Types
and characteristics of drinking water for hydration in the elderly.
Crit. Rev. Food Sci. Nutr. 55: 1633-1641.

Celus M, Kyomugasho C, Van Loey AM, Grauwet T, Hendrickx
ME. 2018. Influence of pectin structural properties on interac-
tions with divalent cations and its associated functionalities.
Compr. Rev. Food. Sci. Food Saf. 17: 1576-1594.

Couzy F, Kastenmayer P, Vigo M, Clough J, Munoz-Box R, Bar-
clay DV. 1995. Calcium bioavailability from a calcium and sul-
fate rich mineral water, compared with milk in a young adult
women. Am. J. Clin. Nutr. 62: 1239-1244.



7 REE

Daniels MC, Popkin BM. 2010. Impact of water intake on energy
intake and weight status: a systematic review. Nutr. Rev. 68:
505-521.

EFSA Panel on dietetic products, nutrition, and allergies. 2010.
Scientific opinion on dietary reference values for water. EFSA.
J. 8:1459.

Korea Agro-Fisheries & Food Trade Corporation. 2019. Food
information statistics system: 2019 Detailed market status of
processed food.

Ha JY. 2003. A study on physicochemical characteristics of
cooked rice with additives. M.D. thesis, Ewha Univ., Seoul,
Korea.

Halpern GM, Van de Water J, Delabroise AM, Keen CL, Gersh-
win ME. 1991. Comparative uptake of calcium from milk and a
calcium-rich mineral water in lactose intolerant adults: implica-
tions for treatment of osteoporosis. Am. J. Prev. Med. 7: 379-
383.

Howard G, Bartram J. 2003. Domestic water quantity, service
level and health, WHO/SDE/WSH/3.02.

Heaney RP, Dowell MS. 1994. Absorbability of the calcium in a
high calcium mineral water. Osteporos. Int. 4: 323-324.

Jeju technopark. 2020. Available from: http://www.jejulavawa-
ter.com/intro/individuality.do. Accessed Nov. 15.

Lee JH, Kim SH. 2017. Establishment of reference intake of
water for Korean adults in 2015. J. Nutr. Health 50: 121-132.
Manthey FA, Hall CA. 2007. Effect of processing and cooking on
the content of minerals and protein in pasta containing buck-

wheat bran flour. J. Sci. Food Agric. 87: 2026-2033.

Maraver F, Vitoria I, Ferreira-Pégo C, Armijo F, Salas-Salvado J.
2015. Magnesium in tap and bottled mineral water in Spain and
its contribution to nutritional recommendations. Nutr. Hosp. 31:
2297-2312.

Meunier PJ, Jenvrin C, Munoz F, de la Gueronniére V, Garnero P,
Menz M. 2005. Consumption of a high calcium mineral water
lowers biochemical indices of bone remodeling in postmeno-
pausal women with low calcium intake. Osteoporos. Int. 16:
1203-1209.

Ministry of Health and Welfare. 2018. National Health Statistics:
Korean National Health & Nutrition Examination Survey for
2018 (3rd period).

National Institute of Environmental Research. 2021. Hardness-
EDTA titrimetric method (ES05301.1a).

National Institute of Korean Language. 2021. Available from;

- ol

https://kornorms.korean.go.kr/example/exampleList.do?regltn_code
=0004Accessed 2021.01.02

Petraccia L, Liberati G Masciullo SG, Grassi M, Fraioli A. 2006.
Water, mineral waters and health. Clin. Nutr. 25: 377-385.

Quattrini S, Pampaloni B, Brandi ML. 2016. Natural mineral
waters: chemical characteristics and health effects. Clin. Cases
Miner. Bone Metab. 13: 173-180.

Rani B, Maheshwari R, Garg A, Prasad M. 2012. Bottled water-a
global market overview. Bull. Environ. Pharmacol. Life Sci. 1:
1-4.

Saio K, Koyama E, Watanabe T. 1967. Protein-calcium-phytic
acid relationships in soybean. Part 1. Effect of calcium and
phosphorus on the solubility characteristics of soybean meal pro-
tein. Agr. Biol. Chem., 31: 1195-1200.

Sozer N, Kaya A. 2008. The effect of cooking water composition
on textural and cooking properties of spaghetti. Int. J. Food
Prop. 11: 351-362.

Sun N, Breene WM. 1991. Calcium sulphate concentration influ-
ence on yield and quality of tofu from five soybean varieties. J.
Food Sci. 56: 1604-1607.

Renard C, Jarvis MC. 1999. Acetylation and methylation of
homogalacturonans 2: Effect on ion-binding properties and con-
formations. Carbohydr. Polym. 39: 209-216.

Tay SL, Tan HY, Perera C. 2006. The coagulating effects of
cations and anions on soy protein. Int. J. Food Prop. 9: 317-323.

Thakur BR., Singh RK, Handa AK, Rao MA. 1997. Chemistry
and uses of pectin - A review. Crit. Rev. Food. Sci. Nutr. 37:
47-73.

Vitoria I, Maraver F, Ferreira-Pégo C, Armijo F, Moreno Aznar L,
Salas-Salvadé J. 2014. The calcium concentration of public
drinking waters and bottled mineral waters in Spain and its
contribution to satisfying nutritional needs. Nutr. Hosp. 30: 188-
199.

Wynn E, Raetz E, Burckhardt P. 2009. The composition of min-
eral waters sourced from Europe and North America in respect
to bone health: composition of mineral water optimal for bone.
Br. J. Nutr. 101: 1195-1199.

Author Information

w519 TS A
ofslgk: vslel AT ot 4%



