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Analysis of aroma components in apple processed products by headspace solid-phase microextraction (SPME) method
and gas chromatography/mass spectrometry (GC/MS)

MINAMIDATE Yoshitomo*, MIYASHITA Hiroumi*, MATSUZAWA Masao* and IMAI Mayumi*
*Kobe Customs Laboratory, 12-1, Shinko-cho, Chuo-ku, Kobe, Hyogo, 650-0041 Japan

Despite the fact that apple-derived syrup (Chapter 17) and apple juice (Chapter 20) are both processed apple products, there
is a large difference in the tariff rates between the two. Some of the syrups are occasionally declared as juice. Currently,
discrimination between syrup and juice is done by organoleptic examination, acidity measurement, and sugar content
measurement. In this study, we investigated whether it is possible to objectively discriminate between apple-derived syrup
and apple juice by aroma component analysis. Using gas chromatogram, we measured the aroma components of two types of
apple-derived syrup (with aroma or not), 8 imported condensed juices, one raw apple and two types of commercially prepared
juice (straight or reduced concentrate juice) by headspace solid-phase microextraction (SPME) method and compared the
components. As a result, B-damascenone was detected in all samples except for syrup without aroma when analyzed using
Polydimethylsiloxane / Divinylbenzene fiber. From this fact, it was found that it is impossible to discriminate between syrup

and juice by aroma components analysis alone. However, this also suggests that it may be possible to determine whether or

not aroma components of apple remain in the juice by measuring f-damascenone in aromatic components.

MBS L, BRENLELNEY 2 — A ZERRES 20 JHIZ
DEIND. THUIRFELEHAIET T2 LIk THDL
, B, A, bR, BRSO LRARTELE 2o b0
ThD.

—0, REERWEN, A, B, BRQAE, BA A0
AT 272 b DT, HERITMO DB ELSTEIL I P 5 Ol A\ 2
PEEMREND. TR BIT TR OREN & L TaMITHN
THHMTHRAENS. ZOL2hin%<iE, Va—AKEK
DR DT> TUWVRWNT2D, ke LTE 17 IS h, 220
oWk & g UCRBEERE < D0, ZOBAZB TR
EDLEE L2 & 2HEICHE 20 EHomdh: LTHEShDE
HBNEL, FHID AT /LN MmN L Azt bhns. o
DX D Wi OSEIT, BRI ERERB-OHEEO BT B,
FEREEDORERIIMZ, WETROLBZBEL TUT>oTWHR, £2
BB 725547 FE T d 2 /XS D OHTRERMbiUL, £v
WERNENARRICR D EBEZbND. F I TARIFETIE, &R
%5y OIS T, 23K A N ToOHrA alfE e~
v RAN—R[E~A 7 effith (HS-SPME) ikt A7 a~ 7
T 7B BOH(GCMSHEIZ LY, 0 A ZTHEKROBAKITONZY AZ
Va— AR VW ZHOFZESEINT L, EAERORICED

% PHEBIBEERTE T 650-0041  Fma WA = T Hh ok BT HERT 12-1

LIORERPBDHDNERT DL T, BN Y2—AL LTEH
20 BUZ S SN D 08 ORI 3 ATRE DR 24T o 7.

2. FE B

21 HAHRURE

211 HHE

D A ZHROREK
(k& HEDENS O 1508
FALRITIEV RSB RE D 0O 1508

DAV a—A
(BEAIRAE S 2 — 2 83k, TIRMA FL— Y a—2 1K
B, HIRAERDETC Y 2 — 2 13, WL EBIRER O b
»)

YT 1RE (7))

2.1.2

HAET R YU v (ROGHisk T.3)

22 EEBERUVAIEEH

s A7~ N7 7EESHE (GC-MS)

Eic : HP6890/5973MSD(Agilent)

7 A :HP-5MS & & 30m, WA 0.25mm, EE 0.25 um



44

~y RANR—R[EA~ A 7 o fifittl (HS-SPME) ER OV A Y v~ 27T 7R ESHT (GC/MS)HEIZ L 2 0 A TNl h D F SRS 3T

AT HRE 2 50° C(5 min)—(10° C /min)—240° C(13 min)
HEADIRE 1 250° C
¥ U T HA :He, Jithk?2.2mL/min
+ E— 7B v 7 : Reacti-ThermIIl (PIERCE)
« SPME H 7 7 A /3\— (4 F35)
65 um PDMS/DVB 7 7 A /3 —
(RYAFLvaFH /o= L_E YY)
(SUPELCO)
50/30 um DVB/Carboxen/PDMS 7 7 A 73—
(PE=ARCB U HNRF R R AT aF YY)
(SUPELCO)
85 um Carboxen /PDMS 7 7 A /3—
(INRERNRY DAF L mxH)
(SUPELCO)
85 um Polyacrylate 7 7 - 73—
(KV7Z7UL—1)
(SUPELCO)

2.3 EEAE
FEH10 g KON NaCl #9 3 g Z[F— DA TR L. =

Nxze—h7ay 7 ZHNTHRIE LN D 50° C TS5 0B L
i L7=%%, SPME 7 7 A /N—ODJehiuil sy % /3 A T VRO~ R
A= ZIZRFFL 50° C T30 0 INEV L THREXR i L, GC-
MS THIE L7z, BIEEZATY v FVAEAEIZLY 50° C b
240° C £ CTHIRT D5&MICHB T T N,

24 E—VDRE

GC-MS Ik o THbNc7u~ N T ADE—I < ARNRY
k& WILEY 275 A4 75 V=D~ AA~7 bt O—Fic &
> TITo 7.

3. MREUHBE

3.1 SPME 77 A /\—0O#&Et

K7 7 A N—Z O TZRE O HIER R & Table.l (R348
IZB\WT, PDMS/DVB 7 7 A N—% W56 1Rk b % < OFEH
DG ISFE SN2 T, AIFFETIL PDMS/DVB 7 7 A /N—%
A= ER RO 21T o 7.

Table 1 The number of identified components in each fiber

syrup imported concentrated juice raw commercially prepared juice
fib
1oer without with . .. . . .. apple not from from
i il il iv \ vi o vil  viii
aroma aroma concentrate concentrate
PDMS/DVB 23 24 25 24 16 20 15 27 10 11 29 32 18
Polyacrylate 8 15 22 19 15 8 11 16 8 4 10 14 3
CAR/PDMS 5 10 10 8 9 6 14 15 2 5 24 29 11
DVB/CAR/PDMS 10 9 11 7 7 8 8 7 8 9 23 29 10

PDMS:: Polydimethylsiloxane
DVB: Divinylbenzene
CAR: Carboxen
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Table 2 The number of components in each identified functional group

components Syrup imported concentrated juice commercially prepared juice
type without with . . . . .. raw apple not from from
i ii iii iv v vi vii viii

aroma aroma concentrate concentrate
Alcohol 6 5 6 5 3 3 5 6 3 4 3 6 6
Ester 6 5 2 4 4 3 5 8 2 0 17 18 6
aldehyde 4 4 7 5 3 3 1 5 2 3 1 3
ketone 1 2 2 3 2 2 1 3 2 3 3 1
other 6 8 8 7 4 9 3 5 1 1 4 4 2
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Fig.1 Gas chromatogram of syrup without aroma
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Fig.2 Gas chromatogram of syrup with aroma
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Fig.3 Gas chromatogram of concentrated juice (i)
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Fig4 Gas chromatogram of concentrated juice (ii)
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Fig.5 Gas chromatogram of concentrated juice (iii)
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Fig.6 Gas chromatogram of concentrated juice (iv)
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Fig.7 Gas chromatogram of concentrated juice (v)
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Fig.8 Gas chromatogram of concentrated juice (vi) Fig.12 Gas chromatogram of commercially prepared juice not from concentrate
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Fig.9 Gas chromatogram of concentrated juice (vii) Fig.13  Gas chromatogram of commercially prepared juice from concentrate
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Table 3 The components in each identified functional group
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syrup imported condensed juice
components - -
without with . .
type i i
aroma aroma
* butanediol *butanediol *butanediol *methy lbutanol
+ carbitol *nonanol *methyl-butanediol +butanediol
* benzy! alcohol phenethy] alcohol *benzy]1 alcohol *hexanol
alcohol + phenethy| alcohol - furandimethanol « (hy droxy fury )ethanone +benzy] alcohol
+ menthol * (hy droxymethy )fran *phenethyl alcohol +phenethy| alcohol
* undecanol *dichloropropanol
+ ethyl hexanoate *methy1 furancarboxylate *butyl butyrate *y-butyrolactone
+ ethyl octanoate +ethyl octanoate *butyl isobutyrate +ethyl hy droxy butanoate
+ ethyl decanoate +ethyl decanoate *methy| furancarboxy late
+ ethyl dodecanoate +octyl adipate *2,2,4-trimethy1-3-isopropy!
* phenylethyl phenylacetate +diocty] terep hthalate isobutyl pentanoate
+ dibuty| terephthalate
ester
+ frufural « frufural « frufural * hexanal
* nonanal *methy] frufural *benzaldehyde « frufural
* decanal *nonanal *pheny] acetaldehyde +benzaldehyde
aldehyde | ° hydroxy methyl frufural +decanal *nonanal +decanal
*decanal *hydroxy methyl frufural
*hydroxy methy! frufural
*dodecanal
+ hexanedione +2,3-dihydra-3,5-dihy droxy - +2,3-dihydra-3,5-dihydroxy- +2,3-dihydra-3,5-dihy droxy -
6-methyl-4H-pyran-4-one 6-methyl-4H-pyran-4-one 6-methyl-4H-pyran-4-one
ketone *B-damascenone * B-damascenone +4-phenyl-3-butene-2-one
+ B-damascenone
+ acetylfuran +acety Ifuran + formamide +methy lbutanoic acid
* decanoic acid -acetylcytidine *nonanoic acid + hexanoic acid
+ dodecanoic acid +di-tert-butylbenzene +decanoic acid *benzoic acid
* heptadecane *nonanoic acid *dodecanoic acid +methyl benzimidazolone
other * hexadecanoic acid *undecanoic acid * tetradecanoic acid +undecanoic acid

+ octadecanoic acid

*tetradecanoic acid
+hexadecanoic acid
+octadecanoic acid

*N,N-dimethy Itridecy lamine
*hexadecanoic acid
+octadecanoic acid

+hexadecanoic acid
+octadecanoic acid
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Table 3 The components in each identified functional group

imported condensed juice

+ dihy drotrimethy Inap hthalene
*cyclodecane

+ calacorene

+ decanoic acid

components

type il iv v
*butanediol *benzy] alcohol *methionol
+linaly1 oxide *phenethy] alcohol +ethylhexanol
phenethy1 alcohol +di-tert-butyIphenol *phenethy1 alcohol

alcohol - eugenol
+di-tert-butyIphenol
*y-butyrolactone *3-hydroxy-2,2,4- +hexyl formate
*methyl furoate trymethylpentyl isobutyrate | -methyl furancarboxylate
+ethyl octanoate + gerany | acetate +ethyl octanoate
+methy] glycinate +dibutyl phthalate +2,2 4-trimethy-3-isopropyl
isobutyl pentanoate
+dibutyl phtalate

ester
« frufural « frufural *benzaldehyde
+methy] frufural *benzaldehyde
*hydroxy methyl frufural *nonanal

aldehyde
+2,3-dihydra-3,5-dihy droxy - * B-damascenone + B-damascenone
6-methyl-4H-pyran-4-one *3-hydroxy -pf-damascenone
ketone +B-damascenone

+acety Ifuran +acety lfuran +acety Ifuran
*vitispirane *benzoic acid +decanoic acid
+hexadecanoic acid *nonanoic acid +farnesene
+octadecanoic acid *vitispirane

other +tetrahy drotrimethy Inap hthalene
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Table 3 The components in each identified finctional group

imported condesed juice

components
type vi vii viii

* butanediol +butanediol *butanediol
« furanmethanol *propanol * (hydroxymethyI)fran
« fury lethanol phenethyl alcohol *benzy]1 alcohol

alcohol | .penzy] alcohol -phenethy] alcohol
*phenethyl alcohol
+di-tert-butyIphenol
+ethyl butyrate *methy] furoate
*y-butyrolactone *2,2,4-trimethyl-3-isopropyl
hexyl acetate isobutyl pentanoate
+ethyl hy droxybutanoate

*methy] furancarboxy late
+ethyl octanoate

*hexyl butyrate
+dibutyl phthalate
ester
* frufural « frufural * frufural
+formylpyrrole *benzaldehyde *benzaldehyde
*benzaldehyde *hydroxy methy]l frufural

aldehyde | "nonanal
+hydroxy methy! frufural

+2,3-dihydra-3,5-dihy droxy-6- | +B-damascenone « fury1 hy droxy ethanone
methyl-4H-pyran-4-one * gerany lacetone *2,3-dihydra-3,5-dihy droxy -6-
ketone  |.B_damascenone methyl-4H-pyran-4-one
+3-hy droxy -B-damascenone *B-damascenone
+ formamide - xylene *xylene

+ ethy lhexanoic acid
*benzoic acid
*vitispirane

other +decanoic acid
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Table 3 The components in each identified functional group

commercially prepared juice
components
type raw apple not from from
concentrate concentrate
« furfury| alcohol *hexanol *hexanol
*methylheptenol *methy lheptenol +ethylhexanol
* (hydroxymethyl)benzaldehyde |-linalyl oxide *linaly1 oxide
alcohol +linalool +linalool
*phenethyl alcohol *phenethyl alcohol
*terpineol «di-tert-butyIphenol
+ethyl methyl-butyrate butyl acetate +ethyl butyrate
+methyl-buty! acetate +ethyl butyrate +ethyl methyl-butyrate
+ethyl butyrate +ethyl methyl-butyrate *methyl-butyl acetate
*propyl butyrate *methyl-butyl acetate +ethyl hexanoate
-ethyl pentanoate -isopenty| acetate hexyl acetate
*pentyl acetate *pentyl acetate +dibutyl phthalate
+ethyl tiglate *methy1 hexanoate
*propyl methylbutanoate +ethyl hy droxybutanoate
+ethyl octanoate *butyl methy Ibutanoate
ester -hexyl acetate -butyl butyrate
*butyl methy Ibutanoate +ethyl hexanoate
*propyl octanoate hexyl acetate
+ethyl heptanoate *butyl methylbutanoate
+hexyl butyrate *propyl hexanoate
-ethyl octanoate * (methy Ithio)propy! acetate
+hexyl methy Ibutanoate +ethyl hy droxy hexanoate
+dibutyl phthalate *benzyl acetate
*hexyl methylbutanoate
« frufural *benzaldehyde * frufural
+hexanal *benzaldehyde
+hydroxy methy] frufural +hydroxy methyl frufural
aldehyde
+2,3-dihydra-3,5-dihydroxy-6- |*6-methyl-5-heptene-2-one * B-damascenone
methyl-4H-pyran-4-one *kamphor
ketone  |.B_damascenone *B-damascenone
+farnesene *bornene *methy Ipentadiene
+ hexadecanoic acid *vitispirane + hexadecanoic acid
+ octadecanoic acid +farnesene
- tris(1,3-dichloro-2-propyl) - hexadecanoic acid
other phoshate




