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Discrimination of the drinking water taste by potentiometric
electronic tongue and multivariate analysis
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ABSTRACT
Organoleptic parameters such as color, odor, and flavor influence consumer perception of drinking water quality. This

study aims to evaluate the taste of the selected bottled and tap water samples using an electronic tongue (E-tongue)
instead of a sensory test. Bottled and tap water's mineral components are related to the overall preference for water
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taste. Contrary to the sensory test, the potentiometric E-tongue method presented in this study distinguishes taste by
measuring the mineral components in water, and the data obtained can be statistically analyzed. Eleven bottled water
products from various brands and one tap water from | city in Korea were evaluated. The E-tongue data were statistically
analyzed using multivariate statistical tools such as hierarchical clustering analysis (HCA), principal component analysis
(PCA), and partial least squares discriminant analysis (PLS-DA). The results show that the E-tongue method can clearly
distinguish taste discrimination in drinking water differing in water quality based on the ion-related water quality parameters.
The water quality parameters that affect taste discrimination were found to be total dissolved solids (TDS), sodium (Na+),

calcium (Ca?*), magnesium (Mg?"), sulfate (SO4%), chloride (C

[N, potassium (K*) and pH. The distance calculation of

HCA was used to quantify the differences between 12 different types of drinking water. The proposed E-tongue method
is a practical tool to quantitatively evaluate the differences between samples in water quality items related to the ionic
components. It can be helpful in quality control of drinking water.

Key words: Drinking water, Electronic tongue, Multivariate analysis, Taste discrimination
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2.1 FRFS SHAAH

H Ao AL8% A A}F(a-ASTREE, Alpha MOS.
Toulouse, France)= 167} MES =T = Q= &
AEdE FH4dE 0] Utk Alpha MOSe o3 oH 7
7}e] AA(AHS, PKS, CTS, NMS, CPS, ANS, SCS)&
TFAE]o] 9lib| 3}etA HA| AlA|(Chemical field-effect
transistor; ChemFET)2} 7|7 &= % (Potentiometric) =%
2 AAolth. HAE dlojers 77 AlAle] HojaE

2.2 Nz ZH|

AAE o A== 770 AAE 712 ghell digh 1l
A=7F A2 a2 77FA] Ak 9] 571A] 7]&8tkof| o
g WIAEE HAESH] 918 B widol AHEE=
oM ALE Hxdlo] HAESY O, Table 10 L}e}
At} (Beullens et al., 2008; Liu et al., 2012). == A]oF
(Sigma-Aldrich Co., USA)2 99% o|A4 =& Al8-3}
Rom, sEHE Axsto] HAESIGI B3, 3
oA kL Ql= 117FA] H E(DW-1~DW-11)2]
Ag=et TN 9] & (Tap)= 4ol AHESHAH:

Table 1. Sensory attributes as determined by sensor test

No Taste Substances
1 Sourness Citric acid
2 Saltiness NaCl
3 Sweetness Glucose
4 Bitterness Caffeine
5 Umami L-arginine

go] 2 WA e AuE Agaalth E97]
B4 (Total organic carbon; TOC)+= F77|¢ 4 E47]
(Shimadzu TOC-VCPH, Japan)= E-A43t91, 4 =
= DPD(N,N-dimethyl-p-phenylenediamine, HACH,
USA) AJeFa} B354 A|(UV-vis spectrometer, DR5000,
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HACH, USA)E o]-§3}to] &451%Ith UV2sd= £33
L=A(UV/Vis  Spectrophotometer, DR5000, HACH,
USA)Z  F74skiry. pHeF F-8E411% =4 (Total
dissolved solids; TDS)& pH % TDS ©u|E(ORION
STAR A221, Thermo, USA)E Al&35}9ict == &
T A)(2100N, HACH, USA)&2 Z43}9l o, o]&2 o]
23 7ulE T E 2T Ton chromatography, ICS-3000,
Thermo, USA)= =743}ich.
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= thHgF B4 7)ot} (Callén et al., 2022). PCA=
tlole ANEE A=l AR o= Sl 7V 4
gk A dloly 4 =t 5 shvolw, A v 4
o2 AA ¥eE /M wol AW ¢ xR st
i, = A FAARCRE A WA AR E A
A A Aol AshA| o=

HES RO EAglo] 7P Wol] A% o =S
HeE9 APxes WA "ok JEQlAESd #
AR5 THE X (Partial least squares discriminant
analysis; PLS-DA)¢] PLS-DAL .3 2] 47 Z(PLS) 3
HEAHI AEHPHE M (Linear discriminant analysis;
LDA)& A7et #F ol PLS-DAE &3 &0
FFE T AAY UHE=E HESH] I8 Hes
Q & A = (Variable Importance in Projection; VIP)S At
Astelct. VIP Algghe] Hato] loj2g UubAog
IRTh 2 VIP ghS 7R §oJa M ok (Wold
et al,, 2001). VIPE ©o]-§3F ¥ e W2 ghs
Aote wd WS g8 e ekl
(Platikanov et al., 2017). LDA= £&H90] 23
Vg A BT S s SUusse] AgAT
= 7|"H o]t} (Aminu and Ahmad; 2020). FE3F &
A ARE] Gol Aol S PRI WL 24
(Cluster analysis)ofA] ©]4}2] AHof| AME-E= 7
%] E-X(Hierarchical cluster analysis; HCA)2 A&

Atk (Belkhiri and Mouni, 2014). HCAo| A Ao% &
% 8Z2 et ATEA(Ward’s method using Euclidean
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distances) €-8-%l=d, o] W2 FoH SHYES
At BE ME 7He] AE A4kgith PClL 4=
(@1, P2rees P)2F PC2 P (q1, @sees @) A E 5t
o A (h2 FAHETH (Ward, 1963). Hlol& o] 57 &
Mo 7hekst Zzg@ol  Origin 2020b
(OriginLab Co., USA)S A28}t

software

3.1 MM 2IZIE HIAE

57}A] 7]EH}F Citric acid, NaCl, Glucose, Caffeine 21
L-arginine< 0.1, 0.5, 1, 2, 5, 10 & 20 mg/L= A %3}
o] H|AES}GTE PCA, PLS @ LDA 7|H<S AL&-5}o]
S7HAL 7128ke] thet A4S R4S A= Table 29
Fig. 13} Zt}. Citric acid®] PCA E4 A1} PC1(94.59%)
om 4EY 4 dgon, A% FH(Overay)o] WAl
5% kol 0.1, 0.5, 1, 2, 5, 10 2 20 mg/l EE0] U
THE = e Ae® YERTh AlA ] PCl Scores=
AHS(0.383), PKS(0.371), CTS(0.377), NMS(0.382), CPS
(0.381), ANS(0.369) = SCS(0.379)0]c}.

PLSS] A3} VIP7} 1.0 7|& 22 =31 Citric acid
of TZFEF AlAS CTS(1.00), NMS(1.09), CPS(1.02) 2
SCS(1.04)2 urebydth LDA ZA3F R® Zro] 0.99=
Citric acid®] A13K(Sourness)= HEstA FEsh= A
© 2 UERTh

NaCl®] PCA 4241} AF%= 0.1, 0.5, 1 mg/Loj|A
ol WAESgleH, 2,5, 10 4 20 mgL F=%F
Ha 4~ Tk PCA BEAZA1 PC1(60.89%)1} PC2
(24.45%)2 AE3 4= itk AA S PC1 Score:=
AHS(0.170), PKS(0.172), CTS(0.477), NMS(0.468),
CPS(0.467), ANS(-0.189) = SCS(0.479)0]t}. NaClo
WZsE AlA= CTS(1.22), NMS(1.13), CPS(1.21)
SCS(1.20)2 Yerytth LDA 21} R? ZFo] 0.992 NaCl
O] Zuk(Saltiness)= J&5HA +ET 4= AU

Glucose2] PCA B4 A7} 5% 5 10, 20 mg/Loj|
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Table 2. Summary attributes as determined by 7 sensor test with basic tastes
Substnaces Discrimination concentration of PCA (mg/L) Sensitivities sensors R-Squared
Citric acid 0.1, 0.5, 1, 2, 5, 10, 20 CTS, NMS, CPS, SCS 0.99 (p<0.0001)
NaCl 2, 5, 10, 20 CTS, NMS, CPS, SCS 0.99 (p<0.0001)
Glucose 0.1, 0.5, 1, 2 AHS, PKS, CPS 0.94 (p<0.0001)
Caffeine 10, 20 AHS, PKS 1.00 (p<0.0001)
L-arginnin 0.1, 0.5, 1, 2, 5, 10, 20 AHS, NMS, SCS 0.99 (p<0.0001)
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Fig. 1. Principal component analysis (PCA) of the five substances at different concentrations; (a) Citric
acid, (b) NaCl, (¢) Glucose, (d) Caffeine, and (e) L-arginine.
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A Fo] MAEGe, 01,05 1 D 2mgl FER 32 XMXIGIE 0|85 H=E 7
2asl 2 9lgith PCA H4 A3} PC1(90.34%) 0.2 A o4 edo|H Hugel o] olah W wEL
sk 2= 919t} Glucose?] 7S AlA 2] PCl Score= e eemm Ee Coerh e
T gide|aEe ot Aol wiiol AJ7to]
AHS(0275), PKS(0.389), CTS(0.393), NMS(0.395), o Aol W BE o] Sul, ojz] Aald, A
CPS(0.384), ANS(0.395) T SCS(0.397)0]T}. NaClef] @l = | =517 “hew= e =1, o=, el
- w U= Jd T o= w1 Unm RN ps
75k AlA= AHS(1.21), PKS(1.11) 2 CPS(1.12)& L} om AAE AAHE olget Himol T Hwe
ur A 2 1o o] tiar — Al = oY TIT=E - 2
btk LDA Ayt R o] 0942 Glucose?] ©HH! g o AP A7k whel Hakels vheoz o
o D W Y ] T 1A vl v T — U
(Sweetness)& G=EH] AW 5 AU 4 SR 5 ol Aol Atk AAHE ol o
Caffeine®] PCA £4241} 0.1, 0.5, 1, 2 Y 5 mg/Loj| Lmol up o we Alzo] WEsks Eato] chop
/\i z%o] ‘ﬂ”(ﬂﬂoi 11]9]6‘]—0:1013:] 10. 20 L — = A =2 0 ’HT U= [e}
K= = A" ’ mg/L [$] S HE X|7q 9] vk x|zZtx oz H3k 2~ o]o
- 0/ O A3 2~ o]0 . o 3t HeE AR B Al oR S T lem,
L PCI(95.32%) 2.2 Amst 4= 9Jich Caffeine H-4] ol gt HLE B4 Wrlo] £28 B 2 ot}
A} A9l PCl Scorel= AHS(0.364), PKS(0.358), o ;“ :Mﬁj j 017%10 2 ijL 1?7}21 -
CTS(0.381), NMS(0.384), CPS(0.383), ANS(0.386) 4l = el = s e ©
(0381), NMS(0384), CPS(0.383), ANSO386) % ot T T T e s
SCS(0.386)0]ch. Caffeineo] ulzFel ALAL AHS(LSE) OV ) TelapyE S
(0.386) : eineo]| TIZSE MA = (1.56) SE] HAO Ea A Wol oldFe =L Az
- . AL R? 7o PCA #gl £4& &8l A& 0 932 7= 2
3 PKS(L.29)2 Wpebgtch LDA A3k R gl 102 0 o Do D s e
Uebiek Caffeines] £9(Bitemess)& PR 9 f};**’ ) ;"1 o }?] 1] qu
- staem, AAEE o &3 HE EA A AlRS
At
Sah Hol| ogFe = 228E S Aeslgct 127}*
L-arginine®] PCA £ 27} PC1(96.28%)2.2 At i;j} :; Ez ;g ;;; ﬁiguu}a}}ﬁ?tq Ta}bll:
3k 2= 9lglom, A& o] drER] ¢ko} 0.1, 0.5, - ﬁE‘}FE A HeRh A= Hom,
b2 10 % 20mel i W& FHE TS by sxgma 44 Ame) pea 2a2w
2oz UeEhylth L-arginine #4123 A4 PCI olt}. & PCE 51.47%= AW 4= Q= 7oz Leh
' - O - - 202 T AR A—
Scorel= AHS(0.351), PKS(0.378), CTS(0.384), NMS(0.381), o, AlZel ~EES PCAS o8t Hel 2
l o .. A—"|» T2 o« = o U « T
CPS(0.384), ANS(0.381) 2! SCS(0.383)0|t}. L-arginine 0% AmE ZEaild GRS AL AusEo o
_ ‘_ — = il wn co=eE T TEoTo=E T
ol RIZHEE HlA= AHS(1.00), NMS(LO1) % SCS(L0S) ) " ) o, Table 38| S~z wlazstol Alzel 3
2 .. ua T . T2
= o IOA B G0) 090 Larehineoo) ggpe e 48958 245 A5hs Table 4
A (Umami)S Qs 88 = 99k
Table 3. Water quality of 12 different drinking water
Sample | oH Turbidity| TDS | TOC |UV254 | F cr Br |NO;-N| SO | Na* K* | Mg** | Ca**
PeLPY | (NTU) | (mg/L) | (mg/L) | @bsiem) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
DW-1 | 6.76 0.12 66 0.25 0.001 0.07 11.3 0.00 1.6 4 5.84 0.67 2.57 14.94
DW-2 | 7.42 0.07 38 0.13 0.000 0.04 5.7 0.00 0.3 1 6.16 2.44 2.60 3.25
DW-3 | 6.18 0.08 219 0.18 0.000 0.00 100.8 1.39 0.0 54 11.96 9.01 30.27 | 9.71
DW-4 | 7.31 0.07 49 0.14 0.001 0.05 4.3 7.98 0.0 3 5.02 1.19 1.85 10.91
DW-5 | 7.25 0.16 145 0.22 0.002 0.20 12.1 0.00 0.2 1 17.63 5.14 14.57 | 18.42
DW-6 | 6.83 0.08 53 0.25 0.001 0.71 2.7 0.00 2.3 5 5.76 0.48 1.21 12.10
DW-7 | 7.83 0.08 90 0.17 0.000 0.04 5.2 0.00 0.2 1 5.01 40.01 2.33 3.42
DW-8 | 7.88 0.10 118 0.28 0.002 0.30 5.2 0.00 1.2 18 15.29 0.88 6.51 22.88
DW-9 | 7.01 0.11 50 0.78 0.016 0.68 1.1 0.00 0.4 3 8.33 2.80 4.11 4.67
DW-10| 7.52 0.16 296 0.22 0.020 0.06 10.8 0.00 0.8 14 7.03 1.07 26.91 | 26.24
DW-11| 6.69 0.08 199 0.36 0.001 0.02 83.2 0.00 0.0 63 4.69 8.01 28.71 | 14.17
Tap |7.10 0.08 130 1.15 0.010 0.07 28.5 1.40 2.5 20 15.63 2.82 5.04 | 25.74
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Fig. 2. Results of PCA biplot using water quality of 12 different
drinking water.

¢} Zth DW-3, DW-112 o}l1y|40]-2(Magnesium;
Mg*H)2 3027 mg/L 2 28.71 mg/L, 3H4ito]-2(Sulfate;
SOX)E 54 mgL 2 63 mg/L, ¢240]-(Chloride; CI)
© 1008 mgL @ 832 mgL @ TDS: 219 mg/L 1
199 mg/Lo|th. DW-102] TDS:= 296 mg/L, ZH:0]&
(Calcium; Ca* )2 2624 mg/L, UERZo|-2(Sodium;
Na)e 7.03 mgl, vl 140l &S 2691 mgLolch
DW-5= UJEFO|2 17.63 mg/lL 9 Zr<&o|l2 1842
mg/Lo|tt. DW-6 2 DW-9+= &4 0]-&(Fluoride; F)
0.71 mgL 2 0.68 mg/lLol, pH 6.83 = 7.010]ch
DW-11} DW-2& pHolH, 6.76 4 7.420]t}. DW-4+=
HE 0] 2(Bromine; Br-)o]n, 7.98 mg/Lo|t}. DW-7-2
ZFg0]-&(Potassium; K")o]™, 40.01 mg/Lo]t}. DW-8
9l Tap2 ZAo]2(Nitrate; NOs-N) 1.2 mg/L & 2.5
mg/L, LFES0]2 1529 mg/L 2 15.63 mgL 2 Z4
0] 22.88 mg/L 9 25.74 mg/Lo|th. 1 9] 22A FHE
o] Btx, UV254 9 TOCE DW-8, DW-5 U Tapo] <4
FE = PAYEHLSE Holu, Table 33 HlWLH-E
o] DW-8, DW-5 ¥ Tap® EBxi= 0.10 NTU, 0.16
NTU 2 0.08 NTU, UV254+= 0.002 abs/cm, 0.002
abs/cm W 0.010 abs/cm, TOC+ 0.28 mg/L, 0.22 mg/L
2 115 mg/Lz2 43 W37} 2o} & Agto A 12714
ARg Pshed A%e 2= £ AN neE
% §loith. 12710 AlRo) SAaksol o) PCA 241
of olgt HLH AT ARG THHFE Fa 5
FEL pl, TDS W o8BS Ao ek

Table 4. Main water quality of distinguish for 12 different
drinking water

Classification Main water quality

DW-3, DW-11 | Magnesium, Sulfate, Chloride, TDS
DW-10 TDS, Sodium, Calcium, Magnesium
DW-5 Sodium, Calcium

DW-6, DW-9 Fluoride, pH

DW-1, DW-2 pH
DW-4 Bromine
DW-7 Potassium

DW-8, Tap Nitrate, Sodium, Calcium

Fig. 32 A} do]E ] PCA ZAito|r, PC1(62.67%)
I+ PC2(29.94%)= A 4= it AlAQ PCl
== AHS(0.299), PKS(0.385), CTS(0.406), NMS(0.421),
CPS(-0.429) 9 ANS(0.405), SCS(0.263)o|t}. 127}X]

Alae AAs E4e o 27 s Ae=
UElt=d, HCA B0 7 Z8AE F(Clustering) et
Axt 7719 1E5DW-3, DW-11 15, DW-4, DW-5,
Tap 13, DW-2, DW-9 15&, DW-1, DW-6 15, Z+Z}
DW-7, DW-8, DW-10)o.& 183 4= Qi A2 =
ol WA= A AR H3t g Ul A=
oju, Table 39| A=} vz o Al=7E 2}o]

A8 el AR 1§ Hol %mﬂ

o mah A Az g Aol
Fo i 2AFES Fig 29} 23H 4
0}04 Table 501] 25l

DW-3, DW-11 154 A& o S F=
TATES vl 3027 mgL % 28.71 mg/L
o], gFito] 54 mg/L W 63 mg/L, FL0]L 100.8
mg/L % 83.2 mg/L & TDS 219 mg/L & 199 mg/Lo]
t}. DW-4, DW-5 9 Tap 1504 DW-5 @ Tap 7
of ulg £AE Uepion, Az o] Jare F
= $AYgELS pH 7.31, 7.25, 9 7.100]31, TDS 49
mg/L, 145 mg/L ¥ 130 mg/Lo|y, G4 0|2 4.3 mg/L,
12.1 mg/L ¥ 28.5 mg/Lo|H, LJEFOo|-2 5.02 mg/L,
17.63 mg/L 2 15.63 mg/L, ZH80] 1.19 mgL, 5.14
mgL 2 282 mg/l, ulLyl£0]e 1.85 mgl, 14.57
mg/L 2 5.04 mg/L, Zr&o]& 1091 mg/L, 18.42 mg/L
9l 2574 mg/LE UERGTE DW-2, DW-9 1Eo]A
TOC7} 0.13 mg/L 2 0.78 mg/L, B24:0] w7} 0.04

l
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Fig. 3. Results of PCA biplot using e-tongue data of 12 different
drinking water.

mg/L % 0.68 mgL= A2 g =5 UE AR
&2 =
T AREE PEHsted 9% 7= EYE
ofd Zo= Ueton, ¢4olL, Al
<, HEFO|, ZFolZ, navlgol, 4wl
DS/} Hlgeat 48 Uehgon, d3s Fx 44
}o|th DW-1, DW-6 T1FoA A& o) 3k
FE 0 $AFHS vaT 40 pH, DS, 24
ol2, FAole, HEFL, Zgole, vf14ol e
W Z4ol ol DWIE AR FHo| e Fi
F8 FAEYES Z4EO| 40.01 mg/Lo|w, DW-82
i o] S i P FAFBS ol
18 mgl, ER0|& 1529 mgl, Z<ole 2288
mg/L, u} 1|0l 6.51 mg/L, ZAMO]2 1.2 mg/L 2
pH 7.880|ck. DW-10& A2 o] 4eS = Fa
$=25E 2 TDS 296 mg/L, Y EEF°|2 7.0
9|50l 2691 mg/L U Zr<0]2 26.24 mg/Lo|th
S Feohe 8 o] AE0lE, gl

4
>v

o
fo

-

et al, 2007), MAFalo] oJa) e 5 = 28 o)L
o Qo] e, Aol BHldol e, FHtole, U=
Fole, Z#ole, nhdls oleom mugul 9o
(Cuartero et al., 2022), AR5 EAZ49} JoFS F=
ole8 A AAste Ao et Axke 24
A3} TDS 9 pHE ARS TEshed Qe Fi
S Uehdth B3 Faole 9 nEolee Hx

Table 5. Classification and main water quality for distinguish
of 12 different drinking water by E-tongue

Classification Main water quality

DW-3, DW-11 | Magnesium, Sulfate, Chloride, TDS

pH, TDS, Chloride, Sodium,

DW-4, DW-5, T: . . .
ap Potassium, Calcium, Magnesium

TDS, Chloride, Nitrate, Sulfate,

DW-2, DW-
W-2, DW-9 Sodium, Potassium, Calcium, Magnesium
pH, TDS, Chloride, Nitrate, Sulfate,
DW-1, DW-6
’ Sodium, Potassium, Calcium, Magnesium
DW-7 Potassium
DW-8 pH, Sulfate, .Calcmn.l, Sodium,
Magnesium, Nitrate
DW-10 TDS, Magnesium, Calcium, Sodium
o o7t A= ZpolE FHSl=H FFE T ol
o] ofd Zo= UEpytth
ojuff A1) 4E(Tap)ye HAAERE FZo|lon,
FHa sE5e 02 mglE UEg=Y REa 5
& 02 mgle vlatolA E9to & 9= FA

U= Ao Ueyth o= oA &9 miy|
& o] ZFdaEt gto] 5 At e nxic
= AFZ 79} dX|stc} (Platikanov et al., 2017).
PLS Z3} VIP7} 1.0 7|&2o 2 =23 A7} 127
AN &S k= TRt AlA= AHS(1.31), CTS(1.11),
SCS(1.14)= yelytem, Fig. 494 Zth oz|et Ax
= 95 Brksted 712 ARE g8E 5 Sk
HCAoA Aol = & 28t AZsA<
o|-gstof, 12711 Al& 7to] ARE AAtstglon, A4
(DW-2) A zE vlutfdo g2 AALE A= Table
61} Zth o3t Aib= Alm1e FEE AR
Aoz vepd 5 glon, ol A& FEst] Hes
o FATY | &&E & Utk AIRDW-2)E Hl
g AlEER AR W so® Udtt A3 DW-3
(3.51)>DW-7(3.27)>DW-11(1.83)>Tap(1.41)>
DW-5(1.33)>DW-4(1.32)>DW-10(0.95)>DW-6(0.68)>DW
-9(0.44)>DW-8(0.35)> DW-1(0.3) <=2 2 yelytth A
g HA7t 205 Bt Alwet 8ol Zol7t e
AL Yusty, 127§ Alg& 5 DW-29} vl uf
DW-30] 7} wol Hto] thE =& & & stk
Table 39| =2 Av}e} v W3S o DW-39] 7H4 ot
S e 7E A g4o]2 100.8 mg/L, whL

Hol=Sel| 437 d A 6= 2023E 12
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Fig. 4. VIP scores of the sensor variables for 12 different drinking

water.

Table 6. Results of distance for 12 different drinking water

Sample Distance Sample Distance
DW-1 0.30 DW-7 3.27
DW-2 0.00 DW-8 0.35
DW-3 3.51 DW-9 0.44
DW-4 1.32 DWwW-10 0.95
DW-5 1.33 DWw-11 1.83
DW-6 0.68 Tap 1.41

% o] 3027 mg/L % FAko| & 54 mg/Lel Ao
Lpepte,

4.4 2

[—

&2 Ao s ol Fofjstal Qe wheRt 2

E)
(n
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4>
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N
*
>
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>
i
il
filo
u)
o
b o
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A}
32 olgsle] MeEe PEsi: WAL A
o A HlolEL R 417 AMgE 4 3
ATS Foste] thim BAMA 4

(Principal component analysis; PCA), F-3&-2]4-%}
HE X (Partial least squares discriminant analysis;
PLS-DA) ¥ A=% % EX(Hierarchical cluster
analysis; HCA)& AR&SFAT &b S74 dHlole«=
PLS-DAS] LDAZ o]&3to] 57}# 7]Eukel Citric

acid, NaCl, Glucose, Caffeine W L-arginineS Ao =2

=
ol
3

1=}
e

(e oo xR 2N

ol A rr

ALK B7PHS Aljbstel e, VIPZE 1.0E 7|2 o =2
57}A] 7]Eate] wlzk(Sensitivities) 3t AAE £33 4=
UNALE 127128 A5 E ddoz Ay 4 bo]
E}O] PCA EAZAD 43 50| wet £33 Al=st
zpolg T = e Hld £ATE AR
2 O3 Holow, U ARE Estet 9F
& Fv FAYES pH, TDS, HEFO|Z, ZHol,

ol grol e, BHtole, ddole, ZEolL W WAk
ol 202 byttt HCAS] Al A4S F3) 127] o
L2 AR gt AolB AgH oz AL 4 99
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