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HOR™ Bk 22 . BIR2E . EEMH AR LR, FIHS MG (gas chromatography, GO & 5 T HE . IEA
B KBRS BRI IE) . OB SRR R CRESFE R 0 & i, R i B A S S T
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ABSTRACT: Objective To establish a authenticity identification method for imported whisky using volatile
component and elemental analysis. Methods The 97 batches of whisky produced in Scotland, Ireland, United States
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ELTE: WA PO A SRR H (2023HX01) . HrmaEE /R {6 X B S & 15 H (2022A02002-2)

Fund: Supported by the Self-reliant Scientific Research Project of Haike Center (2023HXO01), and the Key Research and Development Project of
Xinjiang Uygur Autonomous Region (2022A02002-2)

BIEIEE: PR, ML, IEmPC RN, FBERFFET5 1 8 % 2K . E-mail: 15207783@qq.com

*Corresponding author: CHEN Bo, Ph.D, Professor, Shenzhen Customs Food Inspection and Quarantine Technology Center, No.1011, Fugiang
Road, Futian District, Shenzhen 518067, China. E-mail: 15207783@qq.com



264

B dn 2 4 R R I A 4R

volatile components such as isobutanol, n-propanol, pentanol (including isoamyl alcohol and active pentanol),
acetaldehyde, ethyl acetate and S-phenylethanol. Inductively coupled plasma mass spectrometry (ICP-MS) was used
to determine the content of potassium, sodium, calcium and copper in whisky. The similarity of different whiskies
was calculated through distance analysis, and discriminant analysis (DA) was used to establish traceability model for
whiskies from different regions. Results The similarity between different whisky samples could be obtained by
combining distance analysis of volatile and elemental components. The combination of volatile components and
elemental components in DA modeling was more effective than modeling using volatile components or elemental
components alone. The initial validation accuracy and cross validation accuracy of the established model were 86.6%
and 81.4%, respectively. Conclusion When authentic whisky samples or the data of their volatile and elemental
content are available, distance analysis can be used to calculate the similarity between the tested sample and the
authentic sample, which can effectively achieve the authenticity identification of whisky. The combination of volatile

components and elemental analysis with DA can achieve traceability of whisky from Scotland, Ireland, United States

FH15E

and Japan.

KEY WORDS: whisky; volatile component; element; authenticity; distinguish
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BB A Y R ZE AR AR AR 6 AR 2K 1
WM, PRI T2 R 2B, RS — K TR, R
FELBIR Sy i =2 K P T AR SRl S R A7 )
TH 2R BT IR, 2020 4F 22 2022 453K [ gl 4 2ot R4 Y
WL 51.9%, FEBEC AR L B2 HAMSE
. EHRRTGRREEEF X T B A kR
B35 B F1 o R 4 [ PR 5 4 BR 7 (International  Featured
Standard, 1FS)% i & MIRTES M5B, ZIPEEBHRE:
RAESEM S . B Oy 0B s S IE
SR RIR A, IS IE R — B R RN A g
SRR, BIRE . MR A @ R AN FRE A B
FARME(GB/T 11857—2008 gtz ) xR i E
AR PR T RE, (R B B BN 4 BIAH
ARITHE

ESS R O s s WERS R B3 A o 8 FE 05 7 27 )
Wk BUE, A At T U TR i S A
BT ANGELICA S5 1o 58 01T WG i35 Al 22 ST 4080 437 7
LA R T L S b S 18R B %55 . MACKENZIE
25UVt PR 28 A0 AT D0 i 15 485 58 4 X I 22 L 2
BEFTSER . | AR AR ME DB44/T 1387—2014 (g1 iz
FERIARKTE ) SR RSN 4 AR - B A T 5,
T 30T LA R 28 SRRSO G TS T SR AR SO 1S A
LR RN IHAT R . T BEAE s i B P A T SR
S, TR TR 1 S AR A A7 B 5,
AT 5 ik B AR, A g - A KO B TR
£ (gas chromatography-flame ionization detector, GC-FID),
ARG 3% - [T 1% ¥ (gas  chromatography-mass  spectrometry,
GC-MS) . = &30 AH 4 3% - 53 7K J3T 315 7 (high  performance

liquid chromatography-tandem mass spectrometry, HPLC-
MS/MS). = 7 BEBIGHOR S, W RSB iy R
FBt. KUIPERS!'FIF GC 475 22 gl 1 Bl AT %58, &
PR R AR bR A b 2-F 2E-1- T 3-FE-1-TRE. BT
WE. ZRSHILHE . LR OB AARNE . HEINZ 25U i se & BE,
GC-MS 7] JH T4 B L S AAAE B AT AL & e PR,
W R B R R AT . R B
Fo RAPBGEROR BT EA SR E TR ST, W TR
BRSO . MICTAL 25125 F AR (- DU AT
"R AT IR [A] BT i 9% (gas  chromatography-quadrupole-time-of-
flight mass spectrometry, GC-Q-TOF)X} #2251 S AT
A48 ) MR BOAr BT, HEMTEE S, T PPAL IR 22 - R TR A
BT . SRR 5 B 4 2 A B R AT R JEk
TR AR R R R, XU 25E085E A BT WA (3% 5
%5 (liquid chromatography-mass spectrometry, LC-MS)#l
GC-MS W4 P8 E i RIE A 5, BILUEEE 81
FlEEE R AL G A 102 FEEEML G, KIS
8 MEGYTT LHURBRA . AR FIRA A B 1 A e
Bllo BEAN, JCEAHTHA L A] I T S B S el
SR, BB TT R AT & AR, TR i S5 1
SEE AR RIS IR AR 2, HACR BRI AR AR
ADAM IR B, Cu SR IXAF A% 22 B — 2 2F -
S5IRE B B — AT EEbR . B E R F (isotope ratio mass
spectrometer, TRMS) A 7E H IR 22 b FF £ 5 S,
YR I AT VG 10 O, (R AR AR R 2 I S 4 A
X/, FEAE R TFIR LR AB h

AT, B AN A = B A B 5T 2 B A X B
— T HL RS, RS S RE B R A L BIERS
mb AR S 5, R DL B 24 I ORI B 1 i A LS
PEEETNFFE o ATFFOMGE R A BT 53 BT S0 R TS &
ST ST EE ST ST, T LR
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1.1 #MR5E

B SRR TR W B W | PR AR J1n s F) AR T SR
NI AR G SE, A I T AR 97 HER TS
Br, GHERAE 22 SR, BA 14 bk, 226 14 Hibik . &
JR2E 18 IR 5 EUR IR I IAUERE b (604G 2 HLK T3 A%
S THIRE AR LS. T R EE B L= 1 HKk
BR2ZE SO TRUES T MAh, UET 1 At Ryl
LA RMIE B ke

BTEEEE 99.1%) . IETIEE(4EE 99.9%)(3E H
CFWLABS A #]); SIREELLE 99.6%, i3z etk bRt
H A BRA F]); SR al, i R AT Al A B
), ZBROEEGERE 99.9%) . - TELERE 99.7%) . il
BR (st [Brhr TG (i) B FRA R, SRR 99.7%,
5= CNW Technologies A Hl); AR A 4-H FE-2- B (4l
99%, LLAIHT Acros Organics 23 F]); 29 FOCRIR S FRIER
W (10 mg/L, [E AccuStandard /A Fl); Bi. Hg. Sc. Ge,
Rh. Re bR#EZ (1000 mg/L, EFA A48 Kb FH R
IR L)
12 UBE5EF

7890A S AL (AL FID ¥:ill#s &% OpenLAB CDS
BB R 58, S Agilent Technology 23 #)); iCAPQ Hi &
A B TR (3E H FE Bk G /RBHEE 24 FD); AG204
R FRAF-CREJE 0.1 mg, TR -0 R £ /A 7); Ethos
One i T4 AN (R AN Z2 /R T A FD); Milli-Q A10 #B4
KRG (S EETEAF]); DB-WAX A B4 FE (30 mx
0.25 mm, 0.25 pm)(K FE ZHRAERHEA BRA A,
1.3 /5 &
1.3.1 &A& g

TR IR SRR S SR . 2
MROMWE. . BRI 53 HT 2 I GB/T 11856—2008
Crrah ) v mEn ke I 5514

(1) v 5 T P

PRUERE A IENEE . ST, IR . R LRk
HEREAS TR (25 g/L): FREL 0.25 (K& 0.0001 g)bRifEd) i,
TS i B R (40%, W BOEME, E45E 100 mL
R BARCEE . CEPRMERE A (2.5 g/L): MEWIFRIX
0.25 g(K5 %5 0.0001 )ARIEPI BT, INAGE 5 £ BV (40%,
RSB, EAE 100 mL A4 4-F K2y
FRIBRE (20 g/L): HERR 0.2 gCKHI % 0.0001 g)bRIEY) T,
TGS it A AR, EA % 10 mL .

PRuE TAE M ZRiA M TRIBGE EARHEE AT, F OB
W(40%, EBRASBORLEMREZE 1 mL, 1A PNPR@E-F %-2-

B AR RS 2100 pL, FEAMRAT .

(2)FF S b3

BB AR S S, WA 1.0 mL & 2 mL #ERE/D
A, A AR (4- B 2 -2-IOBEAR M A 45 ) 100 pL, TR S)
RIS

Q)i

IR S DB-WAX S E 4 F (30 mx
0.25 mm, 0.25 pm); #EFER 1 pL, PEREMTRE 250 °C, #%
SR 1 mL/min, 235 40:1, V2V, 43R 40 mL/min;
P FHRE A 40 °CIREE 6 min, 5 °C/min FHEZE 120 °C,
483 3 min, 10 °C/min FHE % 220 °C, £ 10 min,
132 AE»H

(D)FFSh AT A3

JERI MR GB 5009.268—2016 £ &h'ié 4 E Fhx
W B2 ENE ) ETERAE, IR OB AR
2.00 mL FiRBiH AT, Sl PR EARRMBAER 25
LBE, A S mL fiSFR, WA, BHERU, S8
TR, T KSR 5, K T A SR TS A 45 TR Hh PR
|k, T 100 °CH# 30 min, B HE K EAZE 50 mL, RS
2 H, B fdeas (505 .

ALER &I

& 1500 W; FEAba%: ST-04511 PFA HF LOW; %1k
MM 1.19 mL/min; WEIRHE: 14.0 L/min; HBV SR
W 0.8 L/min; RAEVRAS: 5 mm; JkiEE: 1396 V; £
B ;2585 Vo

1.4 HERAIE

R JH OriginPro 2019b 2 FIEfF#EA 5 &1 22 i &% =
J8%5343FT (principal component analysis, PCA), & IBM
SPSS Statistics 26 F£/7 FFJRIEE 34T . BRI Ty 224097
F1 51437 (discriminant analysis, DA)%%

2 HREDM

2.1 EBERMBSETREDHER

ZE R (R HE R 1A B e T I A 7 ke PR ) Sk e
AR (MR E . ZEIB A AE) B L PRI T
AR LY T, Hor i w2 Ak
ARG T 5T EE . IETIEE . DR (ELTE S B A P
B, LERLTHR. LFER B-75 LSS 6 Fh BB LML
A HUg L R A AR 1, RRT L 6 FhE R
PERUAT A0 LR 1o B EE 207 25 A [ SR A 36 R FH A/ s
i V22 715 (least significant difference, LSD)|B/~, TS
PR 2R M B A B A AE S 25 1 22 57 (P<0.05) . A% 22l 2
B 1E S B OF- 3 2 5 (263.832 mg/L) i T HiA = #h, HIHE
TE 0 Pk 25 5 (P<0.05) . RAg 2l L2 T8 &
(40.426 mg/L)R& = T 25 FH gl L 2 CEFY¥I & &R 36.928 mg/L),
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BARTEAE B 22 5.(P>0.05) . s 2B B A Z V-3
THETEREZMEAR LR, AAFEREEES
(P<0.05), EHEBE LRSS TE. KIE. LRI -4
S35 8 i 38y v T LA b S, JE R R
(1815.769 mg/L)i 2 i T Aty =, 55 EE 12 h i & &

B RS RREZFEAE LS, 2N 1478 mgL, M
22 BIRZE HASE B A S R = 0k 1396 mg/L,
WG S S R B R . TR
AR B BRI, X2 R 1 2 S A =
B EAEEES, Kk ERIZh-EH .

1 FARFHETZNELERSRTRSE
Table 1 Volatile components and elemental content of whisky from different regions
74
% — — :
piN TR ES| HA
IETSE/(mg/L) 263.832456.141° 203.074+69.005° 177.286+101.197° 183.954+92.851°
ST/ (mg/L) 355.507+67.062° 254.093498.705° 597.376+182.372° 281.473+139.826°
SR/ (mg/L) 732.473+353.320° 548.050+421.771° 1815.769+349.597* 675.246+436.379°
% /(mg/L) 40.426+13.018° 27.975+18.076° 36.928+9.537% 30.485+14.093°
LR Z1i/(mg/L) 1331.966+367.628° 1134.008+699.761° 2045.579+718.436" 1170.686+781.937°
-7 L FE/(mg/L) 19.245+9.396" 6.804+7.969° 29.843+12.866" 11.804+8.844°
Na/(mg/L) 8.744+3.293" 4.963+3.378° 3.613+5.886" 10.455+6.816°
K/(mg/L) 8.283+6.705° 14.034+£12.919% 16.24149.429° 8.814+8.076"
Ca/(mg/L) 1.471+0.434° 1.140+0.756° 0.966+0.291° 1.284+0.489"
Cu/(mg/L) 0.299+0.187° 0.078+0.065° 0.024+0.022° 0.118+0.118°

T TR SRR S (L o i 25

[T AR AR/ NG P RER IR 25 5 .3 (P<0.05).
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~ 2500r : = 800+ —t—
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2 4ot _F g 0 - .
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Comparison of volatile component content in whisky from different regions
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AHIE 5 A R R B 5 B T 4R 0 3 % (inductively
coupled plasma-mass spectrometry, ICP-MS)/ 47 T~ 4 4~/ #
B+ =M Fe, Na, K, Al, Ca, Mn, Cu. Zn. Ni, As,
Cd. Pb, Hg 0K, 45 LML R L2 R K
Na. Ca fll Cu, HAITCRM G EMARSAA T . Uk, A
FEL XS 4 FIOCEIATHT, D3R 1B 20 05 2550 (e
JERR R LSD i5)Eon, I e R AR s R
(P<0.05). Fii& 2@l 1R Cu P45 HE(0.299 mg/L) b 2 5
FHAE Z(P<0.05), X %l F 954 24l AR L R
e AR AR T2 . AR 22 R Ca P
(1471 mg/L)&E T H AR LR, IR EMZEF(P>0.05),
TRHOPH i TR AR 2 RN I g = (P<0.05) . FE R
S KOEE (16,241 mg/L)WE i T2k 22, HIL W%
S (P>0.05), HIH S92 I HAR B - S B E 2R
(P<0.05), HASEL 12 Na -3 i =i(10.455 mg/L), 5
PR L R (8.744 mg/L)TE M2 5 (P>0.05), fH 5%
IR 22 N3 [ - B 22 F(P<0.05).

2.2 BRI S

HAT, SRR (5 F 5 i ok e f A s vk B IR

HAISE R BOE, AR SPSS 1 AT A9 B 434
1.6

1

MEER, ¥ 6 FhE R AERL B i DL K 4 RO EE & Rl 2R
AR SE RBOEHAMMUE, 45RILE 20 FEAh 3 WY
KATRRIE, HAx 2 FONIE M JOHNNIE WALKER A%
2R N2 AL, FRL 3 HHOTE MRS 1 BIH
AU H-0.566, ASAHEL. BB IRIBRLFES DIRIEH S
i) — IR B, RAME SR RZEIR 1, BARER
TR FR A A, (B IR AR . KRR R B . BE AR
Tt e B (B b 2) 2 ok 3 YGRIB A AE, fEARAAT
PRI, 33y 3k mp LA G A ol o e 2 0 J s o 44 A
U, a1 FIRRS 2 S Z TSR, FMLE R-0.939,
FH O TT D, X6 0 B SRR A 1 I L, 8 I 8
B, TR MRS RO R SRR E R, T RAE
B R B LS . AN, AR IR B ik T
P3G DB44/T 1387—2014 SR FH £ AN G i A il -
SRR T S R R T AR AR ERT ) B
23 HORTZHZHER 5

PCA J2—F# M Z AR AN, a8 RHESH
JE R AR AR 10 A ARFBSEUE Origin 2517
PCA 43#7, S5 BARSE— A EM S PCIGRHEE 3.88)1H
ZTIHRE N 38.8%, H AT PC2(4FAEME 2.00)

14} 50
12 40 :
oo S ’
S 08 % 30 - . .
E 06F g 2 . 0
¢ = 20 - .
Z 04 . 2 ~ @ 3
0.2} 10 -
ol = % = ol %‘ L
02+
-0.4 — — 10— "
T RIRE H A XH DN - N H A B
NGl NG
4+ 30
25
3F ., * ~
a = 20T T
B 2 o g 15F .
E * . § -
= * . <
Pl s i o
1 or - _
TR BIR H A K= DI [ = * I N H A KL
ENGiT:! NG
B2 AP SO &R R
Fig.2 Comparison of element content in whisky from different regions
%2 3 JOHNNIE WALKER B+ 2M{E
Table 2 Similarity values of 3 JOHNNIE WALKER whiskies
FE i SRS 1 AUE
FE i 1: JOHNNIE WALKER “J& 812 4R 8 Bl B 5% 22 & 1
F i 2: JOHNNIE WALKER“4¢#°15 4R AL 2R 0046 22 1= -0.939
FE&h 3: JOHNNIE WALKER BLACK LABEL 12 4E 354 22 1 B () —0.566

VB SEABHE 1 AR B
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B Z TR 20.0%, 55 =ASF M4 PC3IEHIE(E 1.11)
B ZTTRRR A 11.1%, 3 DNEMS BT E TR R
69.9%. HF#fr L ILIE 3, 4 F PCl SRR KIS HUR 7+
TEE, EE. ZRROEEM - LEE, Hiz 4 M55 PCL
MIEMSE. X PC2 TIEkE KAJEIENEE . Na, Ca #l Cu.
PCA #2RE LI 4, 352 0TS H Al #1554
XA, A2l ts. HARRLSBMERZE L iR
M —E BB X4y, WA N ESNEN. &6
B3 5E 4, EEELZEZESM T PCLWIE, PC2 it
X, MRE K. 5T, B, ZROBRA p-2K et
F X3 E A R AR, A 2R 20T
PC2 fRIEMY X, BHWEIENE ., Na, Cu Ml Ca Xt X437
B 22 it RS I R K, ik 5 B TR FR T 25 43 BT 1 45 A
Blo HAFZ/R 2 @A g H 2500 PCL i i X, X
TR Na X X A" Kg = X s m ok .

0.6
Cu
Na Ca
0.4 F IEHNEE
- ZRE
X
S 02
)
3
I 'ﬁ-iﬁZﬁ?
- TZMZrE
L
02 TP PR S L
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PC1 (38.8%)

3 PCAZATIE
Fig.3 Loading plot of PCA
N T SEBUREE 7 T B X ), SRR A
AT T B, DA R T R o iR R
TivE, W TN Ay RARRL . AR LR T B Al
RNER TR JC R N R LA B R M o S I R O

HHEE A DA HARLAIRCRE, IR A A e R L3R 3. S (]
P M B3 T 7 AT (R 0 06 B VR 2N 81.4%, BBl
i FH G 2 U EAR B W A B0 U VR R R 62.9%, K% K 1k
5 TG E A 2 A BRI, B0 AR S0 E M A R R 5E
XIS UFHER TR 86.6% 1 81.4%, 7 /R L1514
WAL R R B3R 4, HAr B LA 5. 38 5 750 4%
2 T AR AR R i 0 B R, S g S RE A S
B 100.0% 1) J5 e 5088 40 310 i 23 K 58 SR F ) 1) v 2%,
TIAR 22 b B AT ST 90.2% 1 J5 B K Hh 0 ) v R K
84.3% 1) 28 LI TEFI FIMERA 2, Z /R 22T SE B 83.3% 11 IR
L R ) 30 0 2R R 58 S UE ) A E G 2R, H A ] S
64.3% 1) JE 4R B0 I N HERA 22 52 50.0% 1938 SLIaIE A7) o
R, HLRETH L AR I ZR . I OCIATERY 5 HEik
B BT RIEGUE, SR ER IR 100.0%. N
5 R, 5 AU IE A S 40 AT AR A b Ay X
X F H AR g 2 B AR S A AR, TRESE T H
A A IR T A% 2L S, T 22 T AR AT 22
TRAE RO, AR E A B A R S A L S 2R
BN,

LIDiN =
3 e mR "
A £
2k VHZ’R
] 1.
o '
S ]
g 1r } o
S V gm . n
S/ M v [ 3 " o
"
O 0r = vl.l.
~ v vy v L
o "R ¢ v
[ J A
1k P °® ‘ A
o% o A
Al A A
2k A
1 1 1 1 1 ]
-2 -1 0 1 2 3

PC1 (38.8% )

B4 R Hu -2 IPCATISME
Fig.4 PCA score plot of whiskies from different regions

=3 DA EMELER(%)
Table 3 Results of DA accuracy (%)

. - 5 M 1y 55 70 R A3 i) A A P R A A A TCE KA AR A
uiH 3y
WG RIE A8 SUBIE VIR 35 UE A8 SUBGIE VIR 35 UE &S UE
PN = 90.2 84.3 88.2 88.2 66.7 64.7
FeIR2% 83.3 83.3 72.2 50.0 44.4 38.9
I HER R
E5| 100.0 100.0 100.0 100.0 85.7 85.7
H7 64.3 50.0 50.0 333 50.0 50.0
A HER R 86.6 81.4 81.4 72.2 62.9 60.8
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Table 4 Classification function coefficients of fisher linear
discriminant analysis model

i}
ety — —
DN FIR B3| HA
1EEE 0.036 0.028 -0.008 0.017
ST 0.020 0.012 0.039 0.016
TE RGBT
) -0.006 0 0.007 -0.001
SR
BIELE 0.270 0.046 0.116 0.151
Na 0.520 0.235 0.409 0.620
Cu 9.015 0.177 -16.003 -0.067
(Hr) ~13.865 ~6.426 21252 -9.161
m
@ LI/R
A L ‘
5 A )4 HA |
v IERHE 2 e |
4 CMEHAA
3 v @ EREHA
5 /
1
0

K5 Al sl s IDASM K
Fig.5 DA classification diagram of
whisky from different regions

3 4 i

ABFFES> B GC 1 ICP-MS M5E T 3 1 g1 s
ST, LR, X, ZROBE. B -7 6
Fh B LR & K. Na, Ca fll Cu % 4 F EZITRM
Tt RERFESMEEREN, AR R -2k
PR BT R SRR EZE S . RER LRI EE
FRBERTHMA MR LR, XEER T EER LR
TE MU E A MR RGBS . s 2 i LR AR VTR E
EEENH AR R, Km0 E RS A H 1
SR BEEER AN, SEEN Cu B 2R
H5HA LR B EER, X EE R TR 5
FERAAE DG 22 LR A B R . SRR R

FLSCPEM S, ABFFE Al F R JR A 26 R BRI A
TR Z AR o SRR, R M MOt R E
10 A s B DA ARLBE 2347, BRSSO I FL SR AR
BB AR, E I SE B B R S . SR GRS
FT H T T R g S S AL, AR SEAT SR 2 3 L
Bt B B A LT oA SR, SR A 12 mT B
ELA TR VR g - i TS W R B8 2 T B 2R A T L 43T
SR T A% G D BRI S8 B B RE AR AT X R BB,
THAFABIE ST 25 B R FH A B 3 o

PCA J&—Fh 32 WA FH 0 2 0G0 W 5 i o AR5
i PCA XF 4 7= #b)gd - 209 10 Fsisrib i obr, 45
R 3 E 425 A U A A X S, (H A
2Rt HARBESMER 2B RN NS EE
PRI o B AT IR 45 R B s, o S8 R B X A B R R Y
WER K, STHE, L. ZRROERF pRLBE, Xtk
22 R XA IR R R ) IENEE . Na. Ca 1 Cu.
Na %t F H AR R % g 2 XA K . DA J23T
W B 2 ) A SR Jy v, B A BOAS o 1 A AR IX 43 K
o AW DA @, & BUHE &S50 E A
S5 G B R SR L T BRI 8 P e M A BT 2 o
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