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Analysis of Aroma Patterns in Muskmelon at Different Storage
Temperatures Using a Mass Spectrometry-based Electronic Nose
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Abstract Changes in the flavor of muskmelons stored at different temperatures were examined to judge aroma patterns
during storage. A mass-spectrometry based electric nose was used to distinguish the subtle differences in the muskmelon’s
volatile compounds. The data were used for a discriminant function analysis (DFA), and then the partial least square
algorithm was used for a quantitative analysis. Volatile components in the muskmelons increased with storage, and the first
discriminant function score (DF1: r'=99.88%, F=3072.5) moved from a positive position to a negative position as the
storage period increased. The proper point of maturity was anticipated as the 28" day at 0°C, 21* day at 4 and 7°C, and
14" day at 10°C. Also, using the DF1 score we could predict the general tendency (vitamin C, stem moisture, acidity) of
the muskmelons. The electronic nose revealed that the major volatile compounds that changed during storage of the
melons were ethyl ethyl acetate, butyl acetate, nonanol, dodecanoic acid, hexadecanoic acid and tricosane. The amount of

volatile compounds detected increased during storage.

Keywords: Korean muskmelon (Cucumis melo L.), electronic nose, mass spectrometry, storage temperature, discriminant

function analysis (DFA)
M B
eidEolAl A F= viERlolY 7718 oz et
Moz Fo Felolth Bt ohle} HaFe| EAjske PR
< " SRR 71 B A F FE gkl Fa3 o
9L Sz, PIYRE olgdt] 4UT YHUAS dFshe
A HF A F28 FA BRI} €k oMY e A
HEES AFS Vg NEAL Fad FA 2L H5H e
A A7 "ok(). F2 AREE 1R dHeRs AEE

W2l gas chromatography(GC), gas chromatography-mass spec-
trometry(GC/MS)9} =34 Wl FHE A7 A R9ES ©
83 715w A BAH BsAR] BAREY ol gtk GG,
GCMS WS J 23]

E)

-

)

o
o
H
[e]
oy
K3
e,
-z
Hoir
g
o

1 L A A 1

*Corresponding author: Hwan-Soo Cha, Korea Food Research Insti-
tute, Seongnam, Gyeonggi 463-746, Korea

Tel: 82-31-780-9243

Fax: 82-31-780-9169

E-mail: hscha@kfti.re.kr

Received January 26, 2011; revised April 27, 2011;

accepted May 17, 2011

419

o 3lo] FRATH). /IBE PAke BE
e e Wt 94 B

& WAL S4S 7

x
i rlo éﬁ

o

rJ

(<0

o

K

A

oX,

O\l
M oE

£
1o
2

231TH6).
olAF wAE sidstr] €l

o
3
% H
%

I
oXx, >,
i e
oL

4

=

i

i

32
Moo o

=3

Fiel F497 2

=3
=472
5]

P oS HofS

pud

R EER

A ANEE s



420 =2 E35k8] %] A| 43 WA 4 & (2011)

e HHS HAFETh9). 2 A7l AFEE AFRA7(Mass
spectrometer) 7|9+ A= ion fragmentation®l] 23] mass-to-
charge(m/z)®] &X AFHE 4T F, JTHEY io
o]ggt AlE ZF ApolWet o]} Jddiol gt
£ AFety. 283 As7ke] A EE AR
7Vl Zb fragmentel] Tk 71E9] librarys €83}
€ 4 dF FA= 7tk el drk10).

W E (Cucumis melo LINNEYS =719] A53F¢s} A2 %9
A59l 7 e 553 |9} 22 IEE Qlsle] &H|zb
oAl 7S A Slok(1l). AR 2Ed e Isade A
712 A% & A Frle] msph g4A dojdtia dEA ok
3 3t(12), A F WSt A=E wdske Aol Fasith
T3 WEN s E F5ade] dFe s AFeE
of wet Fwle] Wsprb & e B3yl wel, AgrEst
o] FPgitel F JEFgS F= S ¢ F AU AR
o]Foixl WE U PIE AFe] HiFEe Gest
GC-MSE ©] &3 7o ol 58 T/ A=l A
< 32 m(14,15), Wyilie®} Leach(15)¢} Kemp 5(16)= GC,

A ARES olgst MY B HWEY
A g1 Ee Ui AFES A SR HAEE o)
3 W2 R B A3 ATE A flE Aotk

B AFedMe A% 55 Al 2x3jold g MaaEE g

13 7 vlssiAl el A
ol AGRA7] 7|uk ARXFE o]g-3te] A
z719] F4o] fAEE AY T MRS ASske A &8

o B
O ot Hr

=2,
=
oX, % flo

oX,
™
Lo
)
-©

i
>
Pl

©

o
i
‘1‘!"
B
Y

Mz 2 HE

ESF Hey mamgdEo s 2008 129 8Uo A U
T AGollA Aelgt 22k & 5040] F Thankyou EF5-2 Al
AREEFATE. 2.06+0.12 kg F719] HAEIAWES 366x275%160 mm
A AF Qe Y Yo MAIEEe] 2&d w2 A%
7F DA olrr] 913 0°C, W5 T HEks 2] 9%
49} 7°C 183 AR5 T WHelks 2] $Iske] 10+£1°C7F A4
He AFI97% RH)IA At 0°CollA= 3047, 49
7°CAAE 28U7F 10°CAlME 2197 Babel 79 7H40= 3
3] WY ST

AE M=

Ao T dHE 71ELE lom HoE Aukgl R
#5S vortex mixer(VXR B, IKA-werke, Staufen, Germany)=
287F wik & AR (3,000 rpm, 15 min)dte] FE S o2}
(Whatman No. 2)3}37 Sepak C,i(Waters, Milford, MA, USA)S
Z AAAZ B9 045 um membrane filter(Millipore Co. Ltd.,
Billerica, MA, USA)Z J7}8t A& A|E2 AME-3l3T

AEEMT| 714 MXt30 st 24 2 SAHNE

5 0.5 g2 PTFE/silicone54©] 2= 10 mL vial(Pharma Fix.
Chemmea, Slovakia)ll ¥ ¥ incubation(80°C, 300 rpm, 5 min)
gt 130°CY] FYF+ 2E5F FASH needles FH3IATE ©]
] ARE3E 7haE HA99.999%)FoH B 230 mLe] f5o®
S REWY Holy FPA7H 3E0Iem £ & purges 3
B ALEHAL AR Aol purge® 3w7HS FAI8HIT

Syringe purge= 3%E A3 § thermostated tray holder(4)l
¥ 5 head space syringeE ARE-3}e] 2.5mL FH 3T FHX
ANE= AFsAIEAFH 717 A48 RS (SMart Nose 300, SMart
Nose, Balzers Instruments, Marin-Epagnier, Switzerland)Z 43}
At B0l A8 AR = 7471 (Quadrapole Mass Spec-
trometer, Balzers Instruments)’} 1ZEo] lom 3dbd EAE
2 70eVelA o] 23HAA 180% FF B o|2=E S AT
ZHquadrupole) A TEE Azl & 54 A= H$(10-160 amu)
o &3le EES HAFHE 43t channel52 AHE-3FAATH
APRA z710 F7] AEE URTE AMESl] 5§ HHESle]
A&t ar, 2] Algs s WS AASIAT

SA Agl= Z17] T2 channel®] intensitys= matrix3 Ell (20x20-
30:30)2 71SENen o]2stHo] dojxl A5 AR A
E9g Adsly 7P ApEAS B4 288k 2R mi)E 3
+ variables ZH-2 20-307 A7 3ke] ¥ Sk4=E-4 (discriminant
function analysisyS HAISIATE olul] AME-EH AZESO= SMart
Nose® statistical analysis softwareE AH&-31%1 T}

MY M, BX = g2k ¥ vitamin C &

A7l 10 gl S/ 2085 718t 348 F 0.1 N NaOH&-
Ao pH 8274 A3t AH|E FHE citric acid= $H¥ete
UERAIATE EX] st W& HX) T2 258 33X 7
Zt 1.5em A2 A A FAF 1.0em A2 A ¢F 28 AF
T GEAIEH17) T AiEdzyel wek 451t Vitamin
C TS AOACH@18)0] wet AFEE 94 Egsle] 045um
membrane filterS SHAI7]2Z, &F 10£1°C = H Y& HPLC
system(Waters) 2. 2 #293}$ T} YMC-Pack Polyamine II column
(4.6x250 mm, 5pm, Waters)S A3}, acetonitrile:50 mM
NH,H,PO, (&, 7:3) €90 1.0mL/min®] =2 254 nmollA] &
Attt 4 ARE-sh EFEZQ] ascorbic acide Sigma-Ald-
rich(St. Louis, Mo, USA)2] #|&2& AM-3}S]

N T

23y n&
AL Aol We AF F aanes] AAH Fy
G Aol TRETA APLAY] o @& A

[}

£ ol g3l BEe] A2 A F 3RS HsE Bok
th Fig. 12 HEIPEY] 5 A f5 2=(T°CPIA A% =
mass spectrum®] WH3}E 1077 ©|3k] Y scaleS A9)stal e
Stk Amu 40 ©]31] fragment(m/zy e F2 F7|AE NG}t
£ ZO1ERZ 40-160 amuolA 2] intensityol] 2H& Fof HlwEA
stk F71(Fig. 1(a)ell Blgte] m=aTdEe] #747]7ko] Ao
ATE(Fig. 1(b)-1(f) amugte] 9074 A8 74 AEE°] HE
H 939 Eol7} Frkehe Ag & F Utk ol HAaIUE
o A% F I RS AeErt Atte S HAEnh
wEbA] HaTEEe] 3y 3] AROZRE AAEHE ion
fragmentz 2} AlE 7holl 2PEAdo] &2 fragment(m/z)E 20-30
N et 31T intensitywhS ©]-8-3te] IHATERAS A}
Atk olw 7P xpEAR S =4 Fdse EAFmi)S A
variables L35 20-3097] AE=E A3 AL FAZZ 1
o3| AeH oz AFs Tt

Fig. 25 Ag2xd M2gd&2s MSE ulgog 3 dx=
Z 74319 jon fragment(m/z)E AES T datas HETTEA
S AAEt] 7P gefge] & EES 39l DFI(discriminant

function first score), DF2(discriminant function second score)E



QYA 7 AATE 0| G5 A L= m2TRE ] F7) R 24 11
E:.,si Fresh air
ez I‘ 1l
O day
l - y
eoc 7 day
e-os 14 day
ez Astbbud s o L,
E’ns 21 day
E:os 28 day
= Ll sttt L,
Fig. 1. Mass spectrum of volatile compounds from muskmelon analyzed by an electronic nose based on MS during storage at 7°C.
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Fig. 2. Discriminant function analysis of the electronic nose data for volatile compounds from muskmelon stored at 0°C (A), 4°C (B), 7°C
(C) and 10°C (D). (DF1: 1* 99.88%, F value 3072.5 and DF2: 1* 99.22%, F value 477.0)
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Table 1. Acidity, Moisture content of muskmelon's stem and vitamin C contents during storage at 0°C

Storage period (day)
Items
0 7 14 21 28 30
Acidity 0.48+0.02"2 0.41+0.02° 0.32+0.02¢ 0.28+0.01¢ 0.23+0.01¢ 0.15+0.03¢
Moisture content 89.0+2.2° 81.0£1.6™ 81.1+1.8" 73.9+4.1° 29.6+1.4¢ 28.8+2.2¢
Vitamin C contents 9.21+0.2* 4.29+0.2° 3.79+0.2° 3.35+0.1° 3.28+0.2° 3.2940.2°

DAverage+SD of triplicate determinations.

DValues with different small letters (a-e) among muskmelons of same storage temperature during storage day are significantly different at p<0.05

based on Duncan's multiple range test.
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Fig. 3. Relationship between DF1 and storage period of
muskmelon stored at 0°C. (DF1: 1* 99.88%, F value 3072.5 and
DF2: 1 99.22%, F value 477.0)
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Fig. 4. Co-presentation between DF first scores of electronic nose
and general constituents of muskmelon stored at 0°C.
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