Sensory Evaluation of Taste of Alkali-ion
Water and Bottled Mineral Waters

M. KOSEKI, A. NAKAGAWA, Y. TANAKA, H. NOGUCHI, AND T. OMOCHI

Introduction
OTTLED WATER CONSUMPTION IN JAPAN HAS INCREASED FROM 10
L/yin 1990 to 20 L/y in 1999. Furthermore, the use of water pu-
rifiers has also seen a considerable rise in popularity. Moreover, the
number of those who drink alkali-ion water for health reasons are
increasing and 4 million sets of alkali-ion water devices were sold
between 1989 and 1997 in Japan.

This popularity is partly due to the Ministry of Health and Wel-
fare of Japan recognizing in October 1965 that alkali-ion water im-
proves the health of the digestive tract. Alkali-ion water is made by
electrolyzing tap water, which can be performed by the “Alkali-Ion
Water electrolyzer” (Kikuchi and others 2001). The Alkali-lon Water
electrolyzer is manufactured by many electric companies as a home
electronic device. The electrolyzer has cathode and anode cham-
bers, which have negative and positive electrodes, respectively,
which are completely divided by a membrane diaphragm that al-
lows ions to pass but does not permit water to pass. When water is
electrolyzed in this apparatus, alkali-ion water will rise in the cath-
ode chamber. At the same time, acidic water arises in the anode
chamber and can be used for pasteurizing of various food stuffs and
apparatuses (Hotta and others 1994; Izumi 1999; Kim and others
2000; Koseki and others 2001). Since it was specified that alkali-ion
water is made by the addition of a calcium agent (nr 763 notifica-
tion of the Ministry of Health and Welfare of Japan on October 8,
1965), the calcium concentration of alkali-ion water may be gener-
ally set to 40 mg/L. Therefore, alkali-ion water may be considered
an effective calcium supplement, similar to bottled mineral water
with a high calcium concentration (Halperm and others 1991; Couzy
and others 1995; Aptel and others 1999). Since tap water contains
magnesium before calcium is added, the hardness of the alkali-ion
water with a calcium concentration of 40 mg/L is slightly higher
than that with a concentration of 100 mg/L. However, the hardness
of the good-tasting water, which the water tasting study group of
the Ministry of Health and Welfare announced in April 24, 1985, is
10 to 100 mg/L. Thus, to consider whether the taste of alkali-ion
water with an added calcium agent is acceptable to the Japanese
people, a sensory evaluation of the taste of alkali-ion water in com-
parison with bottled mineral water and activated carbon filtration
water was performed. Moreover, dissolution ingredients of these
waters were determined, and the factors influencing sensory eval-
uation were analyzed statistically.
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Materials and Methods

Reagents
Calcium sulfate and calcium lactate were obtained from Wako
Pure Chemical Industries, Ltd., Osaka, Japan.

Apparatus

Alkali-Ion-Water electrolyzer.

The device (Type TK-781, Matsushita Electric Works Ltd., Osaka,
Japan) was equipped with a water purifier and an electrolyzing
chamber having titanium electrodes coated with platinum and
separated by the membrane diaphragm between cathode and an-
ode chamber. The tap water is electrolyzed while passing through
the electrolyzing chamber after being purified with a water purifier,
and alkali-ion water flows from the cathode chamber exit. Alkali-
ion water of pH 9.5 was used in this experiment. The water purifier
was a tub composed of granular charcoal and several tens of thou-
sands of hollow-fiber membranes. The purification capability of this
charcoal filter conforms to the S-102 of the Japan Water Works As-
sociation (JWWS) standard.

Samples

Bottled mineral water: The calcium concentration of commercial-
ly bottled mineral waters of Europe were indicated as 467, 200, 80,
and 68 mg/L, while those of Japan were 24 and 11; these brands of
bottled water were designated types A, B, C, D, E, and E respective-
ly. Examples were placed in polyethylene bottles and stored at room
temperature.

Alkali-ion water: Calcium sulfate or calcium lactate were added
to tap water with a calcium concentration of 17.5 mg/L, creating a
calcium concentration of 40 mg/L. It has been specified that it uses
calcium lactate for alkali-ion water by the Ministry of Health and
Welfare. However, since the molecular weight of calcium lactate is
higher than that of calcium sulfate, a considerably greater amount
of calcium lactate must be used relative to the amount of calcium
sulfate. Therefore, lactic acid may more strongly influence the taste
of the water than sulfate. Moreover, since calcium sulfate is used for
tofu, Japanese people are more familiar with its taste than to the
taste of lactic acid calcium. The water containing the calcium agent
was supplied to the alkali-ion water electrolyzer with a gear pump
and passed and then set aside for 30 s after showing a pH of 9.5.
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They were then used as alkali-ion water for the sensory test. The
alkali-ion water made from the water to which had been added
calcium sulfate and calcium lactate was indicated as samples G and
H, respectively, and they were placed in polyethylene bottles and
stored at room temperature.

Activated carbon filtration water: Tap water was supplied to the
water purifier in the alkali-ion water electrolyzer with a gear pump
and filtrated through the water purifier composed of charcoal and
hollow-fiber membranes, but not electrolyzed. The activated car-
bon filtration water was indicated as I, placed in a polyethylene
bottle, and stored at room temperature.

Sensory test

Sensory tests were carried out under fluorescent lighting typical
of offices and classrooms.

Sampling. Each water sample that was assigned A to I at random
was moved from the polyethylene bottle to a clear vinyl drinking
glass by each panelist. Then each panelist put all glasses on a tray
and took them to each desk.

Sensory test 1. Each water from A to I was sampled in free order,
and its taste was evaluated in terms of 5 grades—very good tasting,
good tasting, neither, bad tasting, and very bad tasting—by panel-
ists. Each grade was scored +2, +1, 0, -1, and -2, respectively. The
room and sample temperatures were both 26 °C. Panelists were 166
female junior college students, ranging in age from 19 to 20 years,
who had been prepared for the experiment without directions about
breakfast, lunch, and tooth brushing.

Sensory test 2. Smell, taste, feeling in the throat (the feel of the
liquid passing through the throat), aftertaste (the taste remaining
a few seconds after swallowing), and general impression (a synthetic
judgment) of the mineral water C (calcium concentration was in-
dicated as 80 mg/L), alkali-ion water G (to which was added calcium
sulfate), alkali-ion water H (to which was added calcium lactate) and
activated carbon filtration water I were evaluated using the 1-pair
comparison method. The 150 panelists for this test were divided into
3 groups of 50 panelists each. The first group evaluated C (labeled
as K), H (labeled as L), and I (labeled as M). These waters were pre-
sented in 3 separate pairs, C-H, C-I, and H-I, with 1 sample on the
left and the other on the right in front of each panelist. The second
group evaluated C (labeled as K), G (labeled as L), and I (labeled as
M). These were presented in 2 separate pairs, C-G and G-I, with 1
bottle on the left and the other on the right. The third group eval-
uated G (labeled as L) and H (labeled as M), and again 1 bottle was
placed on the left and the other on the right. Each water was eval-
uated on a 5-grade evaluation: very strong, a little strong, or no dif-
ference regarding smell and on a 5-grade evaluation: very good, a
little good, or no difference regarding each evaluation item except
smell. Scores of very strong or good on the left water, a little strong
or good on the left water, or no difference, very strong or good on the
right water, a little strong or good on the right were +2, +1, 0, -1, and
-2, respectively. The room and sample temperatures were both
26 °C. The 150 panelists were female junior college students, rang-
ing in age from 19 to 20 y, who had been prepared for the experi-
ment without directions about eating and tooth brushing.

Chemical analysis of sample waters

The pH, the rate of electric conduction, concentrations of total
organic carbon (TOC), CO,, residual chlorine, and SiO, were mea-
sured using a pH meter (F-22, Horiba Co., Ltd., Kyoto, Japan), elec-
tric conduction meter (ES-12, Horiba Co., Ltd. ), total organic carbon
meter (TOC-5000, Shimadzu Co., Ltd., Japan), remaining chlorine
meter (46700-00, Hach Co., Loveland, Colo., U.S.A.), and a multi-
item quick water quality meter (DR/2000, Hach Co.), respectively.

Concentration of ions of Cl, SO,4, Na, K, Mg, and Ca were measured
using the ion-chromatography (anion: DX-500, Dionex Japan; sep-
aration column: ITonPac AS12A; guard column: IonPac AG12A; detec-
tor: electrical conductivity detector; cation: DX-120, Dionex Japan;
separation column: IonPac CS12A; guard column: IonPac CG12A;
detector: electrical conductivity detector).

Statistical analysis

The data of sensory test 1 were analyzed using the Wilcoxon rank
sum test, and the difference of score between the sample waters was
calculated with a significance level of P < 0.05. The data of senso-
ry test 2 were analyzed by Student’s t-test modified by Haga (1962)
in terms of Sceffe’s 1-pair comparison method using EXCEL 2000
and Taikou add-in software (Esumi Ltd., Tokyo, Japan), and the dif-
ference of score between the sample waters was calculated with a
significance level of P < 0.05. The multivariate analysis of compo-
nents influencing the sensory test in each water was performed by
multiple regression analysis, which made the criterion variables the
average score of sensory test 1 and made the predictor variables the
various component levels of each sample water, using EXCEL 2000
and add-in software (Statcel, developed by Dr. Hisae Yanai, Saita-
ma Univ.).

Results and Discussion

Sensory test

Table 1 shows the results of sensory test 1 for the sample waters
from A to I as indicated by a panelist’s number and average score.
The average score is the value acquired using the following formula:

3,(score x panelist’s number) / total panelist number (1)
The results indicated in Table 1 show that the ranking of the taste
of water was the order of I, Gand H, D, Cand E, B and E and A.

Since the order of taste preference for waters from A to I became
clear in sensory test 1, to compare the taste preference for calcium
sulfate-added alkali-ion water (G) and calcium lactate-added al-
kali-ion water (H) in detail, a sensory test using the 1-pair compar-
ison method was conducted. Activated carbon filtration water (I)
and bottled mineral water (C) were tested simultaneously be-
cause activated carbon filtration water had not been made alka-
li-ion water, and the bottled mineral water (C) was the most highly
consumed bottled mineral water with hardness exceeding 100 in
Japan. The result of sensory test 2 is shown as the number of pan-
elists in Table 2, and the average score [2 (score x panelist num-
ber) / total panelist number] of each item of each water of sensory
test 2 is shown in the Figure 1. Table 2 shows that the smell of bot-
tled mineral water C was significantly stronger than that of alkali-
ion water G; the tastes of G, H, and I were significantly better than
that of C, and that of I was significantly better than taste of G and
H; the feeling in the throat and the aftertastes of G, H, and I were
significantly better than those of C; and the general impressions
of G, H, and I were significantly better than those of C, and that of
I was significantly better than that of G. There was no difference
in acceptability between the alkali-ion water with added calcium
sulfate and that with added calcium lactate. An experiment using
higher concentrations of calcium agents should be conducted to
investigate the difference in acceptability between the 2 types of
alkali-ion water.

Chemical analysis of sample waters
The pH, the rate of electric conduction, concentrations of total
organic carbon (TOC), CO,, residual chlorine, and SiO, of water from
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Table 1—The number of panelist who evaluated waters A to | and the average score of each water in sensory test

Very good Good Bad Very bad Total number of Average
tasting tasting Neither tasting tasting panelist score

A 0 2 12 37 115 166 —1.5963855
B 2 26 73 47 16 164 —0.2987804882
C 4 40 65 49 8 166 -0.102409639°
D 8 38 73 43 3 165 0.03030303¢
E 5 36 53 55 16 165 -0.248484848°
F 3 28 51 61 22 165 —0.430303032
G 8 39 80 29 9 165 0.048484848¢
H 6 42 73 38 5 164 0.0365853661
| 10 53 68 28 3 162 0.240740741¢

Scores of very good, good, neither, bad and very bad are +2, +1, 0, —1 and -2, respectively.
The average score is acquired by the fomula of X(score x panelist's number) / total panelist number.
abcdeWyithin columns, the average scores not having the same alphabetical letters were significantly different by 5% (p =< 0.05).

Table 2—The number of panelist who evaluated the left or right water using the one-pair comparison method

Number of panelists

Very strong A little strong A little strong Very strong
Evaluation Pair of or good on or good on No or good on or good on
item waters the left water the left water difference the right water the right water
Smell C-G 2 14 29 5 0"
C-H 2 9 31 8 0
C-I 2 9 33 5 1
G-H 0 5 39 6 0
G-I 0 6 30 12 2
H-I 2 9 34 4 1
Taste C-G 0 14 13 20 3
C-H 0 13 7 27 3"
C-I 3 5 9 24 9"
G-H 2 14 14 19 1
G-I 0 12 13 24 17
H-1 3 9 10 27 1
Feeling in C-G 0 7 21 22 0
the throat C-H 0 17 14 12 7
C-l 2 6 16 19 7"
G-H 1 13 21 15 0
G-I 0 7 23 18 2
H-1 3 7 21 18 1
Aftertaste C-G 0 9 19 21 17
C-H 1 9 17 17 6"
C-l 2 7 14 22 5"
G-H 1 13 23 12 1
G-I 0 9 22 18 1
H-1 3 9 19 17 2
General C-G 0 12 11 26 17
impression  C-H 0 12 7 27 4"
or C-l 2 8 5 30 5"
Synthetic G-H 1 14 20 13 2
judgement G-l 0 13 14 19 4
H-1 3 10 14 21 2

Total panelist number was 150, but each 1-pair comparison test was done by 50 panelists.
“The left water is significantly strong or good by 5% (p<0.05).

“The left water is significantly strong or good by 1% (p<0.01).

The term strong was used only for describing smell, and good was used for the other items.

samples A to I are shown in Table 3; Concentration of ions of Cl, SO, Al x Npg + B1 x Nigee of electric conduction + C1 X Nroc +

Na, K, Mg, and Ca of water from A to I are shown in Table 4. D1 x Ngy + E1 x Ng;g, + Constant (2a)

Relation of the sensory test and chemical analysis of A2 x N+ B2 x Ngg, + C2 x Ny, + D2 x N+

waters E2 x Nyjg+ F x N, + Constant (2b)
To determine whether the results of sensory test 1 were influ-

enced by a particular component, a multivariate analysis using the However, factor with significant correlation could not be deter-

following 2 formulas was performed in regard to each component. mined. Multiple regression analysis like the following formulas was
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Table 3—The pH, Rate of electric conduction, total carbon, inorganic carbon, total organic carbon, CO2, Residual

chlorine, and SiO2 of sample waters

Rate of electric conduction TC? Ict TOC® CO, Residual chlorine Sio,
Water pH (n.S/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
A 7 2230 87.4 59.2 28.2 217.1 0.1 1.2
B 7.4 582 60.4 40.5 19.8 148.5 0.1 4.6
C 7.7 484 83.1 54.4 28.8 199.4 0 7.9
D 7.8 380 55.9 36.4 19.5 133.3 0 3.1
E 8 243 23.4 15.3 8.1 56.1 0 14.6
F 7.8 90 12.1 8.5 3.6 31 0.1 15
G 9.5 303 13 8.7 4.3 31.9 0 1.8
H 9.5 302 35.4 19.4 16 71.2 0 10.6
I 7.7 203 13.3 7.7 5.6 28.1 0 7.5

aTotal carbon
bInorganic carbon
CTotal organic carbon

Table 4—Concentration (mg/L) of ions in sample waters

Water CI SO, Na K Mg Ca

A 6.7 1138.7 60 3.3 84.1 427.8
B 2.8 139.6 7.5 4.4 20.2 82.5
C 5 11.6 6.9 0.9 25.4 61.1
D 2.7 16.9 3.8 0.3 2.9 72.6
E 13.3 15.4 15.3 0.3 4.9 24.2
F 1.1 3.1 5.9 2.3 1.3 7.9
G 14.9 64.9 11.6 2 4 40.2
H 15.1 25.1 12.4 2 3.9 40

I 16.4 21.6 13.3 2.1 4.1 19.9

performed, according to the law of Weber-Fechner (Fechner 1859;
Yamano and Yamaguchi 1994; Kawai 2000).

Al x 1OgNrate of electric conduction T Bl x lOgNTOC +Clx

logN g, + D1 x 10gNg;, + Constant (3a)
A2_logN¢; + B2_logNgq, + C2_logNy, + D2_logNy +
E2_logNy, + F_l0gN¢, + Constant (3b)

However, since the influence of water A was too high due to its high
concentration of calcium, multiple regression analysis was per-

General impression <

\ / J
Aftertaste ~ Feeling in the throat

Figure 1—The average score [3(score x panelist number) /
total panelist number] of smell, taste, feeling in the throat
(the feel of the liquid passing through the throat), aftertaste
(the taste remaining a few seconds after swallowing), and
general impression (a synthetic judgment) of sensory test
2

formed excluding water A. Then, the following formula was ob-
tained, and the multiple correlation and P value of analysis of vari-
ance were 0.89 and < 0.02, respectively.

0.779 x logN - 1.15 x logNy, + 0.366 4)
Therefore, regression was highly accurate and it became clear that
it was the factor in which chlorine and sodium ions influence the
sensory test of the taste of the waters B to I, excluding A. Moreover,
since Toko (1995) had reported that the taste of mineral water was
influenced by the concentration of calcium ions, to examine wheth-
er calcium influenced taste, multiple regression analysis of the fol-
lowing formula was performed except for A.

A x Nca + B x logN, + Constant (5)
However, since multiple correlation and P value of analysis of vari-
ance were 0.69 and < 0.20, respectively, the influence of calcium was
not accepted.
The average score value of C, G, H, and I in sensory test 1, the
average prediction value which was acquired from substitution of
the chemical analysis value of Cl and Na ions using the formula

0.779 x 1ogN— 1.15 x logNy, + 0.366

obtained from multiple regression analysis (except water A), and the
general impression (a synthetic judgment) score of sensory test 2
are shown in Table 5. Since the average score of sensory test 1 is
similar to the general impression score of sensory test 2, it is thought
that the result of sensory evaluation of waters C, G, H, and I is in
agreement in both sensory tests. However, the average prediction
value of activated carbon filtration water I obtained from formula
(4) differs from the average score. This is considered because the
calcium concentration of activated carbon filtration water I was low
compared with the other 3 waters. Therefore, it might be impossi-
ble that the taste of water was due only to the sodium and chlorine
ions contents in the water. Then, although the calcium content
could not be verified as a factor, the analysis of the taste of water,
which also took calcium content into consideration, is required as
mentioned by liyama and others. Therefore, to examine the taste
of drinking water in light of calcium concentration, an experiment
using mineral water or calcium-added water that distinguishes the
calcium concentration stage more precisely is needed. And, since
few reports have described the sensory evaluation of bottled min-
eral water compared with tap water or river water (Anselme and
others 1987; Suffet and others 1988; Meng and others 1992), re-
search that analyzes the relationship between the results of the
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Table 5—Levels of Cl, Na, and Ca ions determined using
ion-chromatography, the average score in sensory test 1,
the average prediction value which was acquired from sub-
stitution of the analysis value of Cl and Na ions of wa-
ters C, G, H, and | at the formula (4), and general impres-
sion (a synthetic judgement) score of sensory test 2.

Average General
score Prediction impression

in average score of
Water CI Na Ca test 1 value test 2
C 5 6.9 61.1 -0.1024 -0.0542 —-0.335
G 149 11.6 40.2 0.0485 0.0558 0.005
H 151 124 40 0.0366 0.027 0.075
[ 16.4 13.3 19.9 0.2407 0.0199 0.255

taste test and the components of mineral water is still required
using a greater variety mineral waters.

Conclusions

THE TASTE OF ALKALI-ION WATER TO WHICH CALCIUM SULFATE OR

calcium lactate was added to attain a calcium concentration of
40 mg/L was found to be preferable to any mineral water but infe-
rior to the activated carbon filtration water examined in this exper-
iment. There was no difference between the taste of alkali-ion water
to which was added calcium sulfate and that of alkali-ion water to
which was added calcium lactate. The waters B to I examined in this
experiment showed a high score in regard to small sodium ion levels
and large amounts of chlorine. Based on only the water used here,
the correlation of calcium ion concentration and the taste can not
be accepted as valid.
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