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spectrometer to the flavor identification of edible candy

WU Si', WU Ri-Wei’, CHE Xin-Xin?, MAI Ze-Bin?, TAN Guo-Bin'?, LIU Shu-Lin’,
HUANG Zheng-Xu'*, LI Xue"*, GAO Wei'*

(1. Institute of Mass Spectrometry and Atmospheric Environment, Ji'nan University, Guangzhou 510632, China,
2. Guangzhou Hexin Instrument Co., Ltd., Guangzhou 510530, China; 3. Institute of High Energy Physics Chinese
Academy of Sciences, Beijing 100049, China; 4. Guangdong Provincial Engineering Research Center for On-line

Source Apportionment System of Air Pollution, Guangzhou 510632, China)

ABSTRACT: Objective To establish an online breath analysis method for flavor identification by using a
self-developed single photon ionization time-of-flight mass spectrometer (SPI-MS 2000). Methods The changes in
the composition of breath after human consumption of durian candy, mint candy, and lemon candy were detected
on-line by SPI-MS. The data was analyzed and processed using the Pearson correlation coefficient (PCCs) model,
partial least square (PLS-DA) model and hierarchical cluster analysis (HCA) to verify the results simultaneously, the

classification method was evaluated by the regression predicted value and observed value and the replacement test
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model. Results

The Pearson correlation coefficients of the three types of candies were significantly different, which

was mutually confirmed with the analysis results of the PLS-DA and HCA models. The method model analysis of

unknown samples had a goodness of fit of 99.7%. Conclusion The exhalation of human body after eating candy can

be identified by online mass spectrometry. the food flavor can be quickly identified online. It provides an important

reference value for SPI-MS 2000 in the application of food residue and flavor release in the oral cavity.

KEY WORDS: vacuum ultraviolet single photon ionization; time-of-flight mass spectrometry; candy flavor; breath

analysis; on-line detection; multivariate analysis

1 51 &

WERFESEHZ M E 2 HARENELELEY
(volatile compound, VOCs)ZLh%, GEZEH F=Sh .0 T2,
PRI SR DL RIS B2 BB T AT R e,
25 AR AT 7 86 5330 1) 77 R 28 ) RO SR 7 37 13 5 LA
TR Bl A A ORI AR 1 e A TR L L
AR BT A B, 00 21 5 A I 2R 45 4 5 T ) T 3
T, IR R AR S L AR A B R, BER
TR T 205 S IR A e T 2, DARE ST R i S8
UNIUE

WA, ENAMERCAXT BN &S T
JZ MR A MBI . BT H F 840087 7515k DL B3 -
ik (gas chromatography-mass spectrometry, GC-MS)
S S AHAZ 1 AE R AE B AL B AL R A B AR
VOCs H: it oy &AW BE AU U o 8 UL S FEZRAS:
WEE ARAG — YR HL S35 L 55 i 4% K (secondary electrospray
ionization mass spectrometry, SESI-MS)[g] PR RS SO
1% (proton-transfer-reaction mass spectrometry, PTR-M S)
U0 #A S 7 Ha B RAT IR E] B 33 (single  photon ionization
mass spectrometry, SPI-MS)' 45 Hirh | BT 85 (single
photon ionization, SPI)J&—FP4K B H AR, WS (R, P4/
BB T/, R, 5T S IR S Y PREE
HE &A1, 5 RAT B E) BT 3% Y (time of flight mass
spectrometer, TOF-MS)I I, fEIRUL RGN0 Fiels
B, AT SE LR I AT e ML ST IR ppb 11
JREA YL, BT, SPI-MS 2000 R 7ELR /TR A WAL
B — R E R TR, AR IR AL I AT A
VOCs 437 5 i SE BN, 1),

I A A AL 2 38 2o 0 A I AR B 2 03 A fl ok
SR A R A BRSO, b ad R T AR 6, X A
PRICAEAT 45, RE DR 2 b AR AE AL 43 1) A PRI
H AR L 3 AU T A B S AR, [R5
SRR . BRAEY) . RS BB RAAEE
PR G TR 0T 71, 9RAD TR GE R HT PP RIS
WA ARFERHE | SCRAR | b FH R BB AR 2 1), [

B N B TR SR ST AR AR ES &, AMURE T T
YERE, VT LI . B BER T2 HEGh s
J7 AT ITAL

ABFFRIERT 3 FAREFREER, kA SPI-MS
2000 X AR FIREAR S B RPSEE TAE R, BT R
M TR AE W BT AR AR, R R K kA G R 8K (pearson
correlation coefficient, PCCs). /> —-F&ik (partial least
square-discriminant analysis, PLS-DA) & JZ & 25 4/ #r
(hierarchical cluster analysis, HCA)3 FhEn b B 7 vk, 7
— X DR S AR SR SRR AR A A A A
FAT RN R A BRI SE R, TR ES R IR
SEME IR AT AR WA Y O D, (A ARG 0T 53 1 A
—L R, BRI S AN T R U SR
M,

2 MRERHEE

2.1 SHTLEE

ARG AFTHEE T — A SPI-MS 2000, & 1 5 H AW
ECRAESE B SPI-MS 2000 32 RLE IR EIE, 43 M Bk RE
ARG, A RAMTRUBIR o 0 S S A T s ]
PR . HAS RS s KOs RGBSR RS 6 H
Gy FESFIERSE T iR 5| A BB 0, SR
HEAE S EE, MG ARBXEERE, BRSFET
W o TRAT R A AT T B AT s i R A, BT
PRI R PR B e RE P BRAF 58 B8R4 0 4 pm FLAR M 8°
) MCP 413 {3843 HE R KT 800 FWHM, JFHbkS T
0.05 amu, Rl RFR, A RGCRHEE Pfeiffer 24
FH 260 L/S 23 T2 F0 0.5 L/S BT, SRR B2
BT 5x107° pa. FEAHEUERAN 28 ] 2 I SCRk 2020,
22 XIMm

FET MR R ARG T BEHLIG AR T RT3 FlAS ] dh
JERAS TRV AR WA M SRR S, A B AR . AT . Ao,
HARME B 1, AR H 20 Z B EERIRE .
23 EWHE

T e A SR BT S VOCs, 4R 4 2 min,



5520 1) SR, A NPRIESAE LA TN ST (SO B O R XU S B 5 7215
BOFIEAE 2 AN s U SE . SIS 7ER R K XF AR FIER S B SRR EA T 20 BT, 51 PPCs & 3

WOH, SRAUR SRR I F B Y, SRR 5 s,
SR A AR R SRR B 1 iR 2 )
BER, SEE RS, W R I s AT R,
SRAEHE LA — U B T RO ORAE, AR BRI
WP AR S48 AR LIRS S U5 g o 2RI R SR 5 i 2
PEAT 5 WAL SEH, FRIRIEIRRNII N 10's, FREERF< 5 s,

BT 20 AEEHEEM 3 ARG R GE R,

SR S BYE A A SC M, 2 SIMCA-P 14.1 {4+
PLS-DA & HCA2 Flj3 i 5 i X FRAE M — 20 X 43, -
I TR 5 (R [ D 2 2 L AR B0 1 LA A
RUER B PA IS .
24 BHIEE

ANSZIGfd FH Y SPI-MS 2000 HARS B E W 2.

AT -
Fo ST A R ﬁgé%
| Ah’" |
Q)::[]DD Il == BT
000k - = L~
MR ="
LR | ‘; i
SR B ':. =7
N Y ‘ R
! b | AR
Hezs S '; ! RO
| = =1+ BTREK
= =
e Koy
PERYE
&1 SPI-MS 2000 & %R =&l
Fig.1 Schematic diagram of SPI-MS 2000

#z1 IMBERAKER

Table 1 3 kinds of candies

specific information

Vg RS BRI

TN B XUHMAR DTN . RGN . BB, AT

Frgens INBUpEmE, BERREREE . FRE . IFRLMERE. SR, fiim e
WA FRERIR . CSURENE . MHERERRMEL . i AR

%2 SPI-MS 2000 FUEESLIE S #

Table 2 Major experimental para

meters of the SPI-MS 2000

Z B0 parameter species

ZHRE parameter setting

(B R IRE  transfer line temperate
FH, 2§ %5 FLJE ionization chamber voltage
Rkl R extraction voltage pulse

S LR accelerating voltage

32.4°C

309V

2812V

-1244 'V




7216 B0 %A TR A AE W 1%
3 EREH [—— oot
1.41x10* 150

3.1 AFERBEREESEERS DN 04010 |

B 2y 20 4475 B T b I AL 50 -1 1 34 | s 116
SR 2 min F % VOCs IEING I . (EGIH ST ey
OISR AE RG] m/z 110, 112, 141, 142 4 31 6 B
FRARAE I ﬁ 4.20x10° 136

HURBEH IS Ir . X 20 £ A IEH (T 3 RN B
O AR HEAT A, 311 A T IR A7 B A1 5 % P 2 E 500 b
RSB, 1 AR ARG T 5 155 38 1 4 SR B
TS, AR E s WP 3 FR . 7€ m/z 50 ~ 0.00 %ﬁ%‘ =
200 [N, 3 AR IRDRISR IR 5 30 0 o 22 5 54 7.80%10¢ ’
AT L 22 SRR BEA I, 5 T IX 4 o H P R 3 e — 1
FBAUFE m/z 61, 76, 88, 108, 116, 150 Z (52, L)
m/z 88, 116, 150 15 S Wty . AR 1 2 3 26040051 e g 150
Bom/z 93, 121, 136, LGS m/z 136 A E. HahEmmE 0.00

WSS FHDL miz 81, 138, 150 I E, ESmas i h
m/z 138,

—— WS ERVOCS
84000
63000
42000 |
» 21000 | 69
o 66 108
e R —
= —— RO
84000
63000
42000 | 112
142
21000 | 10| 4 l
0 H— r b

50 75 100 125 150 175 200
m/z

P2 RIR M 3R

Fig.2 Spectra of human exhaled air and hospital atmosphere

50 75 100 125 150 175 200
m/z

B3 3 R R SR AREAE T (0 L
Fig.3 Comparison of characteristic spectra of exhaled gas after
eating 3 kinds of candies

3 BRI PR A L e TR & VOCs E L. W)
Jo HL S RE A S S 2 SR I ] FUX A5, S5 5R 36 3. MR h
130, 1 3 AR A AR A58 9 ks Loy, 45
LPROTE . 2-CHEME . TRROHR . RBWE, B-IRM . D-#T
B . 2RI, 3-ZWtHk-2, 5- SRRy | TOROER
3.2 BBGIMHERSR

ZICGAT kA o M AR RE X R AR BRI A T
BEA, HBEREET S, WARRMAERIUELENEL,
i B e 5 v T RS20 AR g A B R R A 2 R v
1 PCCs M EHRIATHIL 4328, PCCs 2N 2 MREAR A1 7
2 5hREZ MR, TR 2 AR Z RAHCHE, H%E
#| PCCs JGik B AW B 122 vh [R 2 REAS I AR ARLEE, ki
44 PLS-DA Jx HCA 2 Fib b BRAS 20 &2 Z B i — 2 i Ak
43HTo PLS-DA RZIRFRLEG LM o —FhE WA 81 7 ik,
CAE R R 25 G 7 )RR, A — 2 1 4031 59 £
X RIS 25 AT AT, 1 HCA BB MRS Eicdi )
AR SEMEXT HE 74328, 78 PLS-DA fy4»23tat It A
I SR i) 4 43 ks 00

®3 IHERBAERMERSEHENE S

Table 3 Speculated components of volatile components in three kinds of candies

PSS YIRSy E= BN
AR LR T (m/z 88) ., 2-LFEMEME(m/z 108), T BRZME(m/z 116), KREME(m/z 150) [22]
PR B-JR M (m/z 136) . D-FPH54i (m/z 136) [23]
LA ZIRI (m/z 138), 3-Z M 3E-2,5- H FLIBEWY (m/z 138), ThHEELIG i (m/z 150) [24]




5520 A e

R, R RIS LA (SO T £ R AR KU e 51 52 7217

ABFE AT BRI 20 44 7RI 2 3 FIBER R IR AR
TG, H#ar 3 SRR E . JFe e HE R B H FEHL & R
T TIPSR, P S 3 4B R A T
IREMIC R B, 15 3 AARSEREUYE, FuEBETT 1,
AR B RS, s E ShVC R BERAN . Hid A h
WA . SRR . ArEEERYIX A BE AT IR 100%, %EiT PCCs
FIAHTEE AT, 3 BRI HAT BB A X 3501

XF 3 VBRI SR AT PLS-DA 43#1, 255 4
IR FEASITE 95% I EAR X IR N, KRB HEREAS S, 7
ARG Z AT He A, 3 Aol S A 2 1) 43 1 A Sl B 2,
[vi) o SR AR A DX ) PN A SR A, 3R B[] — R AR HAT 45
FARARLE A

Kl 5 BRMRIEESRE H HCA 432605558, YihER
ARV I ARARLBE A 250G Z, I 3 AR I s 2 S B
FE BN, AR RS s o BN b, F SRR/ BRI HE
JP, ANE RS R, HETAL, HCA BFEREAR S
RIS, — SRR T, PRS2 (T ),
Ul B RN B TS AR ARl ) — 2R IR AT, SR
RTINS 22 0B, A b, R
A3 P S A A M AT B 2 R A TR R I 22 5, s
LB PLS-DA 4r#itH H AT, #E—2LUil] SPI-MS 2000
DX A M RS0 FH P 8 LSk S A i

© R

60 L R
40 r ® A R
20 +

20 } 6555

—40 + A

—80 I ! ! 1 1 I
-80 60 40 20 0 20 40 60

PLS-DA1

K4 3 FiofERIF A PLS-DA 3 Hris 4]
Fig.4 Scatter plot of principal component analysis(PLS-DA)of
exhaled gas samples after eating 3 candies acquired by SPI-MS 2000

PLS-DA2
)

3.3 REFE

T 1 05 X000 R ) B 4 2B 1y £ 45 001, el
6 TR AR A AN TINE A FUAE . B R 7 Fon il
B LEE, RMSEP S il 34 J5 il 1 2% (root mean square error
of prediction), 7EARMIHIAHSE R4 BT T 1, H RMSEP
BT 0, WG EHA RS (A3 MR TN R AT . B A
FPAEIE S MIHLE (S 05, A S 7E 7 B, o, 2
= 0.9968, RMSEE = 0.028, %= iAH & RECER R )7
MR, RS RORE, B3R R .

9 B AR A A B G, AR 5 X R A B

1T 200 WE AR, B 7 AW/ 3Rk B 4 B
(PLS-DAYE R BEHIAER . Hor, R? N BitIr2Ml, O° 0
BRI ARNE, —BIERT, R2<0.5, 0*<0, NI\ Jytny
WA HBEWAPT, g RmE 7 BoR, RP=0.343 Al
0°=-0.398, KWJFIABIRARTEAE L A IS, BRHA
BT T e

O A
25000 B
20000 A st
ﬁ,‘
i}k’( 15000
z
10000
5000 | I
EFEEFEPEEEEPEEE
9553288855258 ¢¢8
FEA TR

B 5 3 FERIEREA RSB 5]
Fig.5 Hierarchical cluster analysis (HCA) of exhaled gas samples
after eating 3 candies acquired
by SPI-MS 2000

@ R
W
A FrRE

124
1.0+ [ 1] _-1 [ ]
08}
= o6l

041

it

.
02}

-

02 04 06 08 10 12
S

02 0

6 Bl (- WL A 7 o 2

Fig.6 Regression prediction and observation model curve

Or:
1.0
.,..u-»--_;;::l e
0.6 o 'l l. -
0.4 I ! '
oo, 02
~ O 0 L
02 II —
b,
-04 ‘ . i
0.6 .
0.8 |
-0.2 0 0.2 0.4 0.6 ~ .

7 b/ 3 53 o M AR B e B TE ]
Fig.7 Permutation validation of the PLS-DA model



B dn 2 4 R R I A 4R

81

AHHFE R I IR = B AT B SPI-MS 2000 7ELR 43#Hr
TABEA 3 FBER S SRR FE RSy, 456 200
Moy, AT RAVERGHL X A ARPE SR 22 57, @l X &
FAVES G R SR HE A e A e e 1, 15931 9 R
By, DMRHMEETE SR, L iRsErs 4 b, Frighl 2 Fh,
TR 3 b, ik PCCs. PLS-DA il HCA 3 FhigiAdfb3a
REIMES e —E, e 3 MERILE X JF, RiraiAI
AMREEIRF] 99.7%. AWFFERERLL L 3 FpEIRL, MORTE
BEAAT, A LIS UEASCER R AT ik T S, DA TR
— A RS S T a8 0 i B R, e TR
FUREAS 0 3] o F TR o SR AR UM SR A SRS R IE R TR 52,
—ERREE A BT A B E N L, AR
JF b AR T A S A TR L1 A T B LA AR 4 T 3
WIkYE, BENHETE IR E S BRA S OME .
ARFGEEE T E 2 B/ OG T i B KT B] BT i 4 AR ST
IR TR ST i, (RS PR . JERFARAT AT AL B, W)
DA b 53 BT NI I SR RRIE AL AT, A SR —Ff
AR B A AT RGN B BT RS W T B

EE P

[1] PhRE, s, mber. EAFRER IR RHE RS Tolkd
HIREFH[T]. RZEIFSE, 2010, (9): 65-68.

Sun LX, Zhao GM, Gao XP. Functional properties of edible flavors and
their application in food industry [J]. Meat Res, 2010, (9): 65-68.

2] BRI, Bk AR e e R ], £ Tollk, 2002, (3): 37-38.
Chen MA. Application of flavor and fragrance in candy production [J].
Food Ind, 2002, (3): 37-38.

[3] #REH. BERT MR ORNTRI]. &%), 2018, (15):
133.

Xu MY. Application of candy flavor [J]. Chin Food Saf Magaz, 2018, (15):

133.

[4] KA. B ERSEMER PRI, b E A Tk, 2008, (2): 64,
Zhang JC. Application of food flavor in confectionery [J]. China Food Ind,
2008, (2): 64.

[5] RS, BRUNAS R IEAR A3 3™ it A a4 S R L], P
SN, 2008, (S1): 306-308.

Wu YL. Development trend of confectionery products and flavor
application in Europe\Southeast Asia [J]. Chin Food Addit, 2008, (S1):
306-308.

[6] XS, FL3E25. TR ED BN S R I R RS I]. 45T,
2015, (20): 47-50.

Liu MQ, Kong ML. Research status and development trend of functional
confectionery in China [J]. Agric Prod Proc, 2015(20): 47-50.

(7] EZA. ARG R AR B S R s 1], BT,
2018, (33): 112.

Wang HY. Application of gas chromatography in food safety detection [J].
Chin Food Saf Magaz, 2018, (33): 112.

[8] Rigling M, Fraatz MA, Trogel S. Aroma investigation of chios mastic gum

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(Pistacia lentiscus variety chia ) using headspace gas chromatography
combined with olfactory detection and chiral analysis [J]. J Agric Food
Chem, 2019, 67(49):13420-13429.

Xue L, Lei H, Hui Z, et al. Direct human breath analysis by secondary
nano-esi ultra-high resolution mass spectrometry: Importance of high mass
resolution and mass accuracy [J]. Rapid Commun Mass Spectr Rem, 2016,
31(3): 301-308.

Buhr K, Ruth SV, Delahunty C. Analysis of volatile flavour compounds by
proton transfer reaction-mass spectrometry: Fragmentation patterns and
discrimination between isobaric and isomeric compounds [J]. Int J Mass
Spectr, 2002, 221(1): 1-7.

VAR, FUSHG, BOERE, 55 WU EER MR B TR SOV
TEAELRITMIT]. RS 2E Mk 2E244], 2015, 36(2): 236-240.

Shen CY, Wang HM, Huang CQ, et al. Proton transfer reaction mass
spectrometry for volatile sulfur compounds in exhalation [J]. Chem JChin
Univ, 2015, 36(2): 236-240.

TR, ZIFEH, W, AF T IR R R
KRR T, B2, 2016, 37(3): 193-200.

Tan GB, Mai ZB, YU JJ, et al. Application of portable time-of-flight mass
spectrometer in online vehicle exhaust detection [J]. J Chin Mass Spectr
Soc, 2016, 37(3): 193-200.

Miihlberger F, Streibel T, Wieser J, et al. Single photon ionization
time-of-flight mass spectrometry with a pulsed electron beam pumped
excimer vuv lamp for on-line gas analysis: Setup and first results on
cigarette smoke and human breath [J]. Anal Chem, 2005, 77(22):
7408-7414.

Zhang Y, Shang D. Investigation on the influence of time-of-day on
benzene metabolic pharmacokinetics by direct breath analysis in mice [Z].
2017.

Wang Y, Jiang J, Hua L, ef al. High-pressure photon ionization source for
TOFMS and its application for online breath analysis [J]. Anal Chem,
2016, 88(18): 9047-9055.

Martinez-Lozano SP, Kohler M, Brown SA, et al. Gauging circadian
variation in ketamine metabolism by real-time breath analysis [J]. Chem
Commun, 2017, 53(14): 2264-2267.

Francesco FD, Fuoco R, Trivella MG, ef al. Breath analysis: Trends in
techniques and clinical applications [J]. Microchem J, 2005, 79(1-2):
405-410.

FRIB, BofFl, Bae, 5. B ERORAR C3% - AR TS R e 2
TG 1 APETRGR A 6 FIBTIE R[], fR2FRT5E S0, 2018,
3:415-420.

Wang SJ, Duan HB, Qin YH, e al. Simultaneous determination of 1
sweetener and 6 preservatives in edible flavors by super performance
liquid Chromatography-tandem mass spectrometry [J]. Chem Res Appl,
2018, 3: 415-420..

i, 5K3%, HE, 5. SSOROH @ E iR | R cel 19
FEC AL ESAIRI[]. B A 2B ARIIZEAR, 2014, (11): 3487-3494.
Chen PJ, Zhang Y, Xiao F, et al. Determination of 19 kinds of food
additives in candies, preserved fruit and beverages by high performance
liquid chromatography [J]. J Food Saf Qual, 2014, (11): 3487-3494.

T, W, S, % SR VOCs TELR BLas NG FHLES kAT
ISP E) B AR B BIFRI (9], B 2441R, 2018, 39(2): 171-179.

Huo L, Gao W, Su HB, et al. Development of a highly sensitive VOCs

online vacuum ultraviolet single-photon ionization time-of-flight mass



5520 A e

R, R RIS LA (SO T £ R AR KU e 51 52

7219

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

spectrometer [J]. Acta Mass Spectr, 2018, 39(2): 171-179.

Gao W, Tan GB, Hong Y, et al. Development of portable single photon
ionization time-of-flight mass spectrometer combined with membrane
inlet [J]. Int J Mass Spectr, 2013, 334: 8-12.

AT, BRK, SR, S RBEREHE L2 R 6 SRR SN
FRHIRISI]. B S AR, 2019, 38(5): 23-29.

Li MP, Yin F, Zhang XM, et al. Optimization of enzymatic hydrolysis of
durian and preparation of Maillard reaction perfume [J]. Food Sci
Biotechnol, 2019, 38(5): 23-29.

WD R, PHREE, U, G5 8 AR AR R R A TR Y
GC-MS i [J]. HE#IRHESAIR, 2016, 34(4): 630-636.

Tu XL, Yang ST, Li YB, et al. GC-MS analysis of aroma components of 8
different lemon peel varieties [J]. Plant Sci J, 2016, 34(4): 630-636.

B, DY, A, 4.3 AR E A2 o ] BER
5RET, 2018, 1: 31-34.

Zhao K, Ren RF, Ren C, et al. Comparison of aromatic chemical
components of three mint materials [J]. Grassl Turf, 2018, 1: 31-34.

Max B, Rantalainen M, Cloarec O, et al. OPLS discriminant analysis:
Combining the strengths of PLS-DA and SIMCA classification [J]. J
Chemomet, 2006, 20(8): 341-351.

Miguel PE, Tenenhaus M. Prediction of clinical outcome with microarray
data: A partial least squares discriminant analysis (PLS-DA) approach [J].
Human Genet, 2003, 112(5-6): 581-592.

Mohammad J, Faramarz SE, Zahra B. Combining hierarchical clustering
approaches using the PCA method [J]. Exp Syst Appl, 2019, 137: 1-10.
BTl AL 2B A T )y T —F 3 43T [0]. T i R 2 32
AT, 2010, 15(5): 481-489

[29]

(30]

[31]

A JY. Analysis of metabonomics data-Principal component analysis [J].
Chin J Clin Pharm Ther, 2010, 15(5): 481-489.

Jia WK, Zhao D, Shen T, ef al. An optimized classification algorithm by
BP neural network based on PLS and HCA [J]. Appl Intell, 2015, 43(1):
176-191.

Gervasio P, Susana P, Juan P, et al. How to evaluate models: Observed vs.
predicted or predicted vs. observed? [J]. Ecol Model, 2008, 216(3):
316-322.

Tang J, Liao X. GC-MS combined with PLS-DA to discriminate the
varieties of Xinjiang lavender essential oil [J]. Comput Appl Chem, 2014,
31(6): 701-704.

(TE% 4 #hiri)

(E=TER

R B WL, TEMRFEARE
NBEALSEA,
E-mail: xxws541@163.com

= & BMRA, TERARFEAR
BB & R LA .

E-mail: w.gao@hxmass.com



