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Development of Elsholtzia splendens-Flavored Oils
and Analysis of Flavor Pattern Using Electronic Nose
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Abstract

This experiment was conducted to obtain basic information on the natural spice of Elsholtzia splendens, which is
one of the native Korean aromatic plants for aromatic, medicinal and ornamental uses. The overall acceptability and
the masking effects on the fetid smell of beef were investigated with Elsholizia splendens-flavored oils by sensory
evaluation. The ability of an electronic nose with six metal oxide sensors to classify Elsholtzia splendens flavored
oils based on their odors was studied. The response by electronic nose was analyzed by principal component
analysis (PCA). In EOJ, EOIl, and ESI, (¢lAE0] F4S Ynlsi=x 7led A7t 918,
acceptability of French dressing showed a same level of preference during storage. Fetid smell of beef was not
changed by the addition of 4 types of Elsholtzia splendens-flavored oil during storage. In EO ] -flavored oil, the
proportion of 1st principal component was 0.829, and the proportion of 1st principal component was 0.818 in
ESI-flavored oil. The PCA plot was used to detect stored Elsholizia splendens flavored oils.(3 5 &®o] ¢ta+&.,

Zoj o]ojAE= Fo] Y=AN
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1. M2

& (Elsholtzia splendens)= 2001d 99 =g &
EdA Afstd A Bl LIYEE £23) A
A% & AxE BZEHDRModel FD-5505P, Iisin
LabCo., Ltd., Korea)sle] A§o| Argstgct. Az
F2 EiXFE AEAFAAN FYsigon, 238
fH(extra virgin, Carapelli, Italy):= 7} 2 Foll A 3 u}la}
NFHALAD S EFFE AAARSHANN 7Y

st ok
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AHE B3t ’“%’o}ﬁit} g
H3 ¥R e EOI(QE]va 500 mL, E£%F
40g), EO (&% E% 500 mL, F 40g B E
I3 10g 55359, ES I(*H H}E}ﬂ-n- 500 mL, %
F 40 g 2 EST(Rualab7l 6 500 mL, E&-3 40
10 g, 555 5 ook P H
A@AA 1657 F¢ Agshd 4—r
PAoz 879 rad msknged AN 53 2
579 ZAA =d/d(french dressing)ell A A4 &)
2 FAsgon, BAE 2o olgalgit.

A=

3. ¥&w F0IR7I =HA (dressing)dl Oixl=

=H
Azd Frge) FAR 2HEY P17} =3
A AEF L MR APE =d4T 25

ol &8 Aoz Jtgo =z =#A (french
dressing)oll ETH FvH5 A7 ZHA =
dde Rouxe] wg'e W¥ste eG Fng
100 mLo| 2% 50 mL, FoF 15 g, &5 5 g A
B 5g W 53 gre E3ete wEg oA
A =(FF 200 g, 20] 500 g 2 FLETE 50
ol TAX =A 45 mLE zgo}oq zr 20 g9l
*“FJEE &~ﬁA} A *ﬂ“‘ﬁ}?\i‘:} TR T
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B A7 48 A7) sy RFIF 87
9 A el HEAWE RAFor A
ZATHp<0.01). WA ZXFR FrFE Haviel I
7Fete FHU masking A=E FsBA M9 B
SAAAAN A7) greasinessE Fx) P Fog
gl FoiH 5 g A2F 5 g& gA A H3)
(lean meat, 1.5 ecnX 1.5 cm) 100 go} A7}sle] 302
T AR Tl JES ALEA g FYAM BE
AArl AHgEAT ZFG FEH QA sdBRs
Es dugries a4 ZUHe dard wgd

2 AAHY HEES 59 @Hoz # @ +
DES BEAANLE FVAT F, A37)9) rAY
9 ANHY HoES WAART.
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Table 1. Metal oxide sensors in the electronic nose
(odormeter ver. 2.2)
Sensor Sensor

no. model
1 TGS826
2 1084CT/24 Hydrogen sulfide
3 TGS842  Hydrocarbon

4 TGS2620  Alcohol & organic solvent vapors

5

6

Specification

Ammonia

TGS2610 Combustible gas
TGS2600 Air contamination
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I AEIYIL 43 B YRR 09 BHE

Agoz s 4 Alge 3 871(FF 6 om, ¥l
3 el AAIERLH, FFUI(FEvhe]l< CH-3000,
Seoul, Korea)& Ex4A171 E3 34 (2 100 g), 12
IS 9 ARE F A BE A AFA A
Age] gre] g Al FFIA FEE FAch
AEE 9REZAENIEE “IER ST Ex
“FEE 4T, 992 “FEE ZFEP Ex FER
EFO)E AHgEe Frislen, Algg AAe B
Z9] gdAEe AHA Y'Y (randomized complete block
design g AEAAT. BE BEAAE AL
g3te F2 ¥ 3AE AFsd AAsHth #F
AAre] AT SAS packagePE o] €3] ANOVAX
gd& s¥ger I $93+ Duncan’s multiple range
testE o] &3] EA AT

6. X2 EN

7| el BAd AFEH A RFH(odor meter ver
22, (FETY A2EFHE)NE 671A metal oxide
sensor(Table 1)7} o] &= $ith A 712 (silica geh)&
ge g filng Agstel 9RERH 79
HE 279 g Fozsd i AN 9
oA YES 2EAAT. B/ EAE Ed9a
8oz AEY AZE iE TPgsel daz
sl @Al AAel dFE PAA RHES 9
A ARz AN olBA AA A AGS 6V,
Aegde B2 Age sve zdsged, 24
Z72 Table 29} 2t} A|RE 5 mLE AMSSIRE,
g F2L JLFLRE 25CE FHsto SRS
th AXMZE AEFT BHEAIY BAAATE ARAR
128 &4 o, A2=9 AZH gl 71 4
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Table 2. Configuration of electronic nose to analyze
flavored oils

Time variables Time (sec)
Sampling time 0.5
Heater cleaning time 10.0
Purging time 10.0
Tuning time 600.0
R.ir measuring time 10.0
Rgss measuring time 10.0
Tuning check interval 2.0

g 9 Aoz FArh AR2Y AFH S
7] A Ra)oll A& AR LY £ AT
R 9 HE, & Rp/Rur®E EHEYT XE &3
% FEd AFse B AAL 98 ar pumpE
Agagon FRee T 9IS AR 23
gt ZEE #OlRpyRar) 099014 2 w712 A
st de) B o dynamic headspace o2
stdeH, 53] vHE AEHE StETh

U HE AAZE 2Fs9 Foij HolHE o]
£3la]  Multivariate  Statistical ~ Analysis
(MVSAP, version 3.1)°22 FHE EA(principal
component analysis, PCA)E 3stgch Axpzo] W7t
g AA 6/ A" FHEY JEY #Fe= @FE
YJEe F MVSAPE ©l-&3sto 7|4 & (proportion),
ANFH 8T D AFYERE oA

Program

m, Zap Y o

1. 287 s0|R7 =84 (dressing)l O|Xl=
o5t
zge Pz TE ZdX Sy FEE
gy=d HFrbste] AAHY Ha=s Hrlsgo
(Table 3). AF 13%H 16771A9] 4714 &nl &
(EOTI, EOI, EST, ESIHE W& =X =g &
FaFg o] Frbstge W, EST AR 1598
A UMz AP Ag7I7ke] WE AxH
Q HzEel Hol7 AT P<0.0D). ESTolAE A
A 13 gz BE zZdx =Hyo A=Ee
g e HEEE BPou, A% 4,8 I 165 Al
gE AANY AsEst FHEY G FFe
Fu4g Zdax Syl ANE A9, AF l6F
e AEEE Yol B5ANBE F3ho
2E |, Mzd F AHgo] 5@ TR
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Table 3. Overall acceptability of french dressing with
the addition of Elsholizia splendens flavored oils during
storage time at 20°C

QOil Storage time (wk)

type' 1 4 8 16
EOI 4.78+135" 4.82+1.28 5.09+155" 5294108
EOII 5.11+1.64° 542127 558+129° 529+1.44"
ESI  5.13+141° 531+128 542+141° 540+1.19°
ESII  4.56+149° 562+121° 5.69+1.49" 520+141°

YEOI=Elsholtzia splendens olive oil I,

EO 1] =Eisholrzia splendens olive oil I,

ESI=Elsholtzia splendens sunflower oil 1,

ESII=Elsholtzia splendens sunflower oil I

n=15, triplicated, Each value is mean+SD,

1: dislike extremely, 9; like extremely

Mean within rows with different superscripts are
significantly different(Duncan’s multiple range test, p<0.01).
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Table 4. Meaty flavor of beef with the addition of
Elsholtzia splendens flavored oils during storage time at
20°C

AT AF2 ZFHE 7N 01 % 2 02 % AL
st e W, L71HA7 F3AETE B EFRHoR
masking FYo 02 % A/FEL FAF T

gAnto] ZatA FAdAE 247t Ra7HJ ol
S ZE VI2ATE wBLE & dTdAE BY
# U Har] g8d &8 + e ¥He
B 5 A

2gg FuHE 20CAA 1637 AFsEA 4
F 7¥4ez 179

A7kl FAge] MR L
ARG Table 4] ANSAT. Z Fo§ AF A2
o WE Tau: AZ %Y Ak v

(p<0.01). Table 5¢] ehd HAHA HdozdAe
EOI# ESI2 ®99a7F ¢tk 28y EOI ¢
ESTl+ AF 1654 AAEQ] Az=e Favt
yehgth  olet e BEAA 2HE AHE 0,
235 FulHE ol A7 de AF 8F7
A9 Fulgrt darle FHUE gHAHLE
maskingslH A ¥L MIEE Yo Es AX
el Algste Aol HZAFg Hem o

% 8% o

A

3. BT IR NEIIZ SO Sy 87|

ElQ] 5}

2 U9 AF 1% B FNE W
2 ARFAZE 2335l metal oxide sensors] L3k
& ©]-g3te] 7)o (proportion), A1FHEF = A2
FHEE TIAT Fig 1o AAIG wiel o),
EOT 9 A1FYEge 71480l 0829022 o g
oz FRES 49 & Ak AF 1F Fole
9 AIFHEZE 0% 03 Aolo] F2 EEH o]
QI 4% FulgE +03F +10xkolel BES o]
Table 5. Overall acceptability of beef with the addition

of Elsholtizia splendens flavored oils during storage time
at 20°C

Qil Storage time (wk) Oil Storage time (wk)

type” 1 4 8 16 type” 1 4 8 16
EOL 449+129° 429+1.14" 429+1.12° 4274148 EOI 5.20+1.18" 529+1.01" 542+1.34" 524+1.38
EONl 431+133° 4294147 4.24+135 4.51+1.53° EOH 5.60+129" 549+1.20° 5.53+1.18" 4.73+1.36°
ESI  420+129" 449+1.39* 433+1.54" 458+1.10° ESI 5.69+0.92° 520+£127° 5.69+122° 529+132°
ESII  442+137" 436+1.38" 424+140"° 4.38+1.21° ESII 5.76+1.37" 5.44+139" 558+129" 498+1.34°

YEOI=Elsholtzia splendens olive oil 1,

EO Il =Elsholtzia splendens olive oil [,

ESI=Elsholtzia splendens sunflower oil I,

ESH=Elsholtzia splendens sunflower oil I
n=15, triplicated, Each value is mean+SD,

1: weak extremely, 9; strong extremely
Mean within rows with different superscripts are
significantly differenty(Duncan’s multiple range test, p<0.01).

@FzATRGYA A18d A4EQ00D) P8

YEOI=Elsholtzia splendens olive oil I,

EO Il =Eisholtzia splendens olive oil 1[I,

ESI=Elsholtzia splendens sunflower oil I,

ESII=Elsholtzia splendens sunflower oil I

n=135, triplicated, Each value is mean+SD,

1: dislike extremely, 9; like extremely

Mean within rows with different superscripts are
significantly different(Duncan’s multiple range test, p<0.01).
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(proportion : 0.194)
o

~1.2 -0.9 -06 03 0 0.3 0.6 09 1.2
1st principal component score (proportion : 0.690)

*week 1 ®week 4 week 8 -~ week 16

Fig. 1. Principal component analysis of sensitivity
obtained by the electronic nose of Elsholtzia splendens
olive oil I (EOI) and Elsholtzia splendens olive oil 11
(EOII) during storage time at 20°C.
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o FHW maskingell= #27t gl Aoz e
wou, Az MM s FrHe AR o
g ds7t gl Aoz 2AFY.
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bl e VIl WSE Fig 20 AAstATh
EST 9 AFH2#S 714 go] 08182 =A et
ool ATeE2E Y TR dad Frst
eI AF 8F AlgY AIFPYERS -0.159)
—-03 Atoldll, 165 @ulf= A1FgRZo] +0337
+05 Atolel FEFHO vk ESTS AlFAHRg
19€ 071D} AM2FP4EF (V19 & 0.163)8 st
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Esi

2nd principal component scc
(proportion : 0.139)
. b
- wm <

-1.2 -0.9 06 -03 0 0.3 08 09 1.2
1st principal component score {proportion : 0.818)

ESI

2nd principal component scc
(proportion : 0.163)
(=]

-1.2 -0.9 06 0.3 0 03 [oX3] 09 12
1st principal component score (proportion : 0.711)

*week 1 mweek 4 week 8 x week 16

Fig. 2. Principal component analysis of sensitivity
obtained by the electronic nose of Elsholtzia splendens
sunflower oil I(ESI) and Elsholtzia splendens sunflower
oil II (ESII) during storage time at 20°C.
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o, LS XT3 712 94 ER So
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AMel] AF &48 & FE Yo EF @
Us wgste] o2 ZRH4EN AxY wes
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cauEe Wy A84E sted 39, A
2 A2V Fr|de EAo] ojFA Yoy, I
T AHF AEANLY FUEEY o)§ U FH
X HAAZE ol & F/IHE EAo] &30
of & Aoz Agdch £F AARY AL
A2 9d7] Y8to] 72 E(sensitivity)7} ¥ metal
oxide sensor®} A1€]A(selectivity)o] F-& conducting
polymer sensor”E ' g3todok AT F Ax A%
2 98 F sty #adch

N. 2 %

g vty g BFH AEALR] BIFRE
FAagg &gty st Ay FAEY FUFE
Az F Zdx =Y F g7/ Frbstd AF
AN e A5 54 2 FHH masking FEE
#5AA gk B ARV mE FrH9
e e AARE BASAE ¥FF FHFE
ZAA =GN F7ME B, ESTE AYe v
A AFFEL AZ 163744 FAHA Zol7l g
THp<0.01). FF-F5 A7l R71et5& o, EO L
F ESTS AAZT B¢ AAF HAs=9 {93+
L 9o, EOT ¢ ESI & 1659 dax7t 4
H9t gEA E2FF FUHE J32719 rHARE
Ad# o2 maskingsle AZ 8F7F o] &9 ¢AY
doz Aggth ARz g AF 77 =E
Fgrge BEE EOTAME A%, 4F FvF9
F7\@Eo] BEHET, EOTE 1 ¥ 163 A 89
g7lddol FE 7Msdtytt =9 ESI S AF 8
9 1679 Ty BEo| sMEdaL, ESle
A 1650 TR FraEs ZAT
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2 d7E 2000dE HEAANRSGR A
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