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

TADA Shusuke*, OGAWA Hirofumi*, KANNO Tatsuro* and ORUI Hitoshi*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba, 277-0882 Japan

This study analyzed and compared the aroma of syrups and juices derived from grapes and date palm to determine whether

discernible differences could be objectively identified. Fragrance components of one syrup purified from raw white grapes, two

types of raw grapes (red and white grapes), nine commercially available straight juices (five red grape juices and four white grape

juices), one date palm juice, and one date palm syrup were measured using gas chromatography. The headspace solid phase

microextraction (HS-SPME) method was used to measure each sample and the components were compared. From the comparison

of components, five volatile components common to grape juice and raw grapes could be identified. These 5 components were

not detected in the syrup. For date palms, 13 volatile components were detected in juice but were not detected in syrup. These

facts suggest that the presence or absence of certain aroma components can be used as an indicator to distinguish between sugar

water and juice for grapes and date palms.
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Fig.1 Gas chromatogram comparison of raw white grape(xi) and
grape syrup by DVB/PDMS fiber

Fig.2 Gas chromatogram comparison of raw white grape(xi) and

grape syrup by Acrylate fiber
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Table 1 Components in each identified functional group (grape products)
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Table 2 Components in each identified functional group (grape products)
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Table 3-1 Components in each identified functional group (grape products)

components imported straight white grape juice raw red grapes raw white grapes syrup
type x X xi Xii
* Phenethyl alcohol * 3-Methyl-1-butanol * 6-Hepten-1-ol « 2-Ethylhexan-1-ol
+ 2-Propyl-1-heptanol * 1-Pentanol * Phenethyl alcohol * Diethylene Glycol Monoethyl Ether
« 2-Ethylhexan-1-ol * 3-Methyl-2-buten-1-ol « Geraniol + 1-Dodecanol
* 1-Hexanol * 2,3-Butanediol + NEROL
* 1-Heptanol * Hexanal * trans-2-Octen-1-ol
*+ 3-Methyl-1-butanol * trans-2-Hexen-1-ol * 3-methyl-1-pentanol, ()
* DL-2-Methyl-1-butanol * 3-methyl-1-pentanol, () + 1,5,7-Octatrien-3-ol
* Hotrienol * 1-Octen-3-ol * 1-Octen-3-ol
+ 3-methyl-1-pentanol, () + 2,5-dimethyl 4-methoxy furan-3-one « Linalool oxide furanoid
* (2)-2-Octen-1-ol * (2)-2-Octen-1-ol * Hexanal
+ 1,5,7-Octatrien-3-ol * Phenethyl alcohol * 1-Pentanol
*+ 1-Octen-3-ol * 3-Methyl-1-butanol * Linalool
* 1-Hydroxy-2-methyl-5-isopropylbenzene * 1-Pentanol * cis-2-Hexenol
* Terpinen-4-ol « 3-Methyl-2-buten-1-ol * trans-2-Hexen-1-ol
« Linalool oxide furanoid + 2,3-Butanediol * 2,4-Di-tert-butylphenol
* 2,4,4-Trimethyl-1,3-pentanediol 1-isobutyrate | « Hexanal
* cis-2-Hexenol * trans-2-Hexen-1-ol
* trans-2-Hexen-1-ol * 3-methyl-1-pentanol, (+)
* Leaf alcohol * 1-Octen-3-ol
« trans-3-Hexan-1-ol « 2,5-dimethyl 4-methoxy furan-3-one
* 2,4-Di-tert-butylphenol * (2)-2-Octen-1-ol
* Phenethyl alcohol
* 1-Pentanol
* Hexanal
* trans-2-Hexen-1-ol
+ 3-methyl-1-pentanol, ()
* 1-Octen-3-ol
alchol * (2)-2-Octen-1-ol
* 1-Octanol

* Phenethyl alcohol

* Terpinen-4-ol

* 3,7-Dimethyl-6-octen-I-ol
* 2,4-Di-tert-butylphenol
* 3-Methyl-1-butanol

* 1-Pentanol

* Leaf alcohol

* trans-2-Hexen-1-ol

* 3-methyl-1-pentanol, ()
* (+-)-5-methyl-2-hexanol
* 1-Heptanol

* 1-Octen-3-ol

* 2-Octanol

* (2)-2-Octen-1-ol

* 2-Nonanol

* Phenethyl alcohol

* Terpinen-4-ol

* 2,4-Di-tert-butylphenol
* 3-Methyl-1-butanol

* 2,3-Butanediol

* 3-methyl-1-pentanol, ()
* 1-Heptanol

* (2)-2-Octen-1-ol

* 2-Nonanol

* Phenethyl alcohol

* 2,4-Di-tert-butylphenol
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Table 3-2 Components in each identified functional group (grape products)

components

type

imported straight white grape juice

raw red grapes

raw white grapes

syrup

ix

X

xi

Xii

ester

+ Benzaldehyde

+ Ethyl phenylacetate

* Phenethyl acetate

* 6-octadien-3-ol,3,7-dimethyl-propionate

« Ethyl 2-butenoate

« Ethyl 3-hydroxybutyrate
+ Benzaldehyde

« Ethyl Hexanoate

+ Methyl salicylate

« Ethyl phenylacetate

* Phenethyl acetate

« Ethyl 3-hydroxybutyrate
* Benzaldehyde

« Ethyl Hexanoate

* Methyl salicylate

« Ethyl phenylacetate

* Phenethyl acetate

* Benzaldehyde

« Ethyl Hexanoate

* Methyl salicylate

- Ethyl phenylacetate

* Phenethyl acetate

« Ethyl 2-hydroxybenzoate
« Ethyl caprate

« ethyl (2E,4E)-2,4-decadienoate
« Ethyl 2-butenoate

« Ethyl 3-hydroxybutyrate
- Benzaldehyde

* Hexyl acetate

* hex-2-enyl acetate

* Phenethyl acetate

« Ethyl 3-hydroxybutyrate
* Benzaldehyde

* Ethyl phenylacetate

* Phenethyl acetate

* Benzaldehyde
« hex-2-enyl acetate
« 6-octadien-3-ol,3,7-dimethyl-propionate

aldehyde

« Furfural
* Phenylacetaldehyde
+ hex-2-enal

* hex-2-enal

* 2-Heptenal

* Phenylacetaldehyde
* hex-2-enal

« 2-Heptenal

* Phenylacetaldehyde
* hex-2-enal

* 2-Heptenal

* Phenylacetaldehyde
* Nonanal

« Decyl aldehyde

« 3-Heptylacrolein

* 2-Undecenal

* hex-2-enal

* Phenylacetaldehyde
* Phenylacetaldehyde

* trans,trans-2,4-Heptadienal
* Decyl aldehyde

* Phenylacetaldehyde

* oct-2-enal

* 2-Undecenal

« trans,trans-2,4-Decadien-1-al
* 3-Heptylacrolein

* hex-2-enal

* 2-Heptenal

« trans,trans-2,4-Nonadienal

« Furfural
* Nonanal

ketone

* y-Nonalactone
+ 6-Hexanelactam
+ Damascenone
+ 1-Octen-3-one

+ Damascenone
* 6-Hexanelactam

* 6-Methyl-5-hepten-2-one

* 3-Octen-2-one

* 2-Methyl-1-penten-3-one

* trans-3,trans-5-octadien-2-one

« 2,6-Dimethyl-2,6-undecadien-10-one

* (2)-6,10-Dimethylundeca-5,9-dien-2-one
* 1-Octen-3-one

other

* Heptanoic acid

+ Nonanoic acid

+ Octanoic acid

* Hexanoic acid

* Neryl oxide

* 1,1,6-trimethyl-1,2-dihydronaphtalene
+ Decanoic acid

+ Isovaleric acid

* 4-clorobutanoic acid

* Vitispirane

* 2,6,6-trimethyl-2-ethenyltetrahydropyran

* 2,4,5-trimethyl-1,3-dioxolane
* 2,4,5-trimethyl-1,3-dioxolane
* DL-Limonene

+ Octadecane

* heptadecane

* 2-Octene, 2-methyl-6-methylene-

* Toluene

* Pyridine

+ Nonanoic acid

+ Octanoic acid

* Hexanoic acid

+ 2-Ethylhexanoic acid
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Table 4 Components in each identified functional group (date palm products)

imported date palm syrup

components imported date palm juice
type xiv XV
* 2-Ethylhexanol * (x)-alpha,alpha,4-trimethylcyclohex-3-ene- 1-methanol
* Diethylene Glycol Moncethyl Ether + Phenethyl alcohol
* 1-Dodecanol + 2-Ethylhexanol
* 1-Tridecanol * Diethylene Glycol Monoethyl Ether
+ 2,3-Butanediol + 1-Dodecanol
* a-Hydroxytetrahydrofuran * 3-Methyl-1-butanol
alchol * Furfuryl alcohol *+ 2,3-Butanediol
» a-Hydroxytetrahydrofuran
* Glycerol
* 2-propylpentan-1-ol
* cis-Linalool oxide
+ 2,4-Di-tert-butylphenol
» Furfuryl alcohol
* Diisobuty] phthalate * 2-Butoxyethyl acetate
* 1,6-Octadien-3-ol, 3,7-dimethyl-, propanoate
ester * Methyl 2-furanoate
+ Ammonium acetate
+ Diisobutyl phthalate
* Furfural * Furfural
* Decyl aldehyde * Decyl aldehyde
* Safranal + 1-Nonanal
* Phenylacetaldehyde + 1-tetradecylaldehyde
aldehyde
* 1-Nonanal * 5-Methyl furfural
+ 1- Ethyl-1H-pyrrole-2-carbaldehyde + 5-Hydroxymethyl-2-furaldehyde
* 5-Methyl furfural * Hexanal
* 5-Hydroxymethyl-2-furaldehyde
* 2-Acetyl pyrrole + 2-Acetylfuran
* 2-Acetylfuran + alpha- Angelica lactone
+ 2- Furylhydroxymethylketone
* Damascenone
* 2,3-Dihydro-3,5-dihydroxy-6-methyl-4{H)-pyran-4-one
ketone * Solerone
* 2-Methyltetrahydrofuran-3-one
+ Ethyl 2-furyl ketone
* Isophorone
* 2-cyclopenten-1,4-dione
» Nonanoic acid » Nonanoic acid
* Octanoic acid * Octanoic acid
+ 2-Ethylhexanoic acid + 2-Ethylhexanoic acid
other * 2,4,5-trimethyl-1,3-dioxolane * 2,4,5-trimethyl-1,3-dioxolane

* Decanoic acid
* Benzoic acid
* 2,4,5-trimethyl-1,3-dioxolane

* Decanoic acid

* Benzoic acid

Table 5 Percentage of each fiber detected

21

chemical name fiber
PDMS DVB/FPDMS CAR/PDMS Acrylate DVB/CAR/PDMS
3-methyl-1-pentanol 91% 55% 91% 100% 55%
benzaldehyde 73% 100% 91% 64% 100%
phenylacetaldehyde 45% 100% 45% 9% 100%
2-phenylethyl alcohol 91% 91% 91% 100% 82%
2,4-di-tert-butylphenol 64% 0% 82% 100% 0%
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Table 6 Percentage of detections for each component

chemical name fiber
PDMS DVB/PDMS CAR/PDMS Acrylate DVB/CAR/PDMS

+ 2-Acetyl pyrrole 0% 100% 100% 100%0 100%
+ 1-Tridecanol 0% 100% 0% 0% 0%
+ Safranal 0% 0% 100% 100% 0%
+ Phenylacetaldehyde 0% 0% 100% 100% 100%
+ 2-Furylhydroxymethylketone 0% 0% 0% 0% 100%
+ 1-Ethyl-1H-pyrrole-2- carbal dehy de 0% 0% 0% 100% 0%
+ Damascenone 0% 0% 100% 100% 0%
+ 2,3-Dihydro-3,5-dihy droxy-6 -methyl-4(H)-pyran-4-one 0% 100% 0% 0% 0%
+ Solerone 0% 0% 100% 100% 100%
+ 2-Methyltetrahydrofuran-3-one 0% 0% 100% 100% 100%
+ Ethyl 2-furyl ketone 0% 0% 100% 100% 0%
+ Isophorone 0% 0% 0% 100% 0%
+ 2-cyclopenten-1,4-dione 0% 0% 0% 100% 0%

Percentage of fibers detected for each component 0% 23% 54% 77% 38%
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