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Analysis and Evaluation of Degrees of Contribution

of

Aroma Components in Hongro Apples

Jin-Tae Koh, Young-Jae Yu, and Man-Goo Kim*

Department of Environmental Science, Kangwon National University

Abstract In this study, “Hongro” apples for test samples were selected from a market for aroma analysis. Analysis was
done after 1 hr, in a forming headspace while maintaining a temperature of 25°C. First, the complex aroma of the apples
was assessed by a Direct Sensory Method. Secondly, the complex aroma was analyzed under individual aroma conditions
separated by GC/FID/Olfactometry. Finally, aroma component analysis by GC/MS was performed. Degrees of contribution
of aroma components were evaluated by an aroma value calculation considering aroma duration time, frequency, and
intensity. The contribution rate (%) of the aroma induction component influencing apple aroma was determined by aroma
component analysis and aroma contribution degree. As a result, it was found that the top four components were as follows,
by contribution rate (%): acetic acid (23%), 1-hexanol (16%), butyl ethanoate (13%), 4-methoxy-2-methylbutane (9%).
These four components constitute the complex aroma tested by the direct sensory method, and was largely recognized by
the apple aroma test panel. Consequently, it was found that these components are the key factors in apple aroma. If the
mechanism of formation of these components can be found, it could have a significant influence on consumers’ acceptance

of new varieties of apples.
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Table 1. Test solution for selecting panels

. Concentration
Test solution (Wi%) Solvent
Acetic acid 1.0 Distilled water
Trimethylamine 0.1 Distilled water
Methyl cyclopentanol 0.32 Paraffin
B-Penylethlyalcohol 1.0 Paraffin
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Fig. 1. Photograph of Cryofocusing-GC/FID/Olfactometry.
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Table 2. Analytical conditions of Cryofocusing-GC/FID/Olfactometry
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Coolant Liquid N,
Cryofocusing Ist Loop (6.35 mm i.d.) sample focusing: 50 mL/min for 10 min
2nd Loop (0.80 mm i.d.) for 10 min
Thermal 100°C boiling water
desorption Temp. Transferline temp.: 200°C
p p

Column UA-1 (15 mx0.53 mm i.d.x0.5, Frontier Lab)
Column flow 3.0 mL/min (FID : ODP=5:1)
Oven temp. 40°C (5 min)-10°C/min-80°C (0 min)-15°C/min-250°C (10 min)

GC/FID/O Injector temp. 200°C
FID temp. 250°C

Olfactometry
Assist gas
Humidified air

Transferline temp.: 100°C
Air: 300 mL/min, Hy: 30 mL/min, make-up: 15 mL/min, He

100 m

L/min

Table 3. Analytical conditions of GC/MS

Table 4. Result of sensory evaluation method in apple

GC/MS GCMS-QP2010 Panelists Aroma description Aroma intensity
Column DB-1 (60 mx0.25 mm i.d.x0.25 , J&W Scientific) A Apple, sweet, sour 2
Column flow 1.0 mL/min, He B Apple, sour 2
40°C (5 min)-10°C/min-80°C (0 min)-15°C/min- C Apple, sweet and sour 3
Oven temp. N .
250°C (20 min) D Apple, sweet 2
Inje.cto.r temp.  250°C Aroma intensity 0 is none aroma, 1 is aroma threshold, 2 is moderate
Tonization EI (70 eV) aroma, 3 is strong aroma, 4 is very strong aroma, 5 is over strong
Scan range 35-400 m/z aroma
MS det. temp. ion source: 200°C

interface: 250°C
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Fig. 2. FID chromatogram and ODP signal. A is FID signal of
apple, and ODP signals of each panelist B, C, D and E.
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Table 5. Volatile components quantified in apple fruit by GC-MS, and aroma retention time (min), aroma hold time (min), aroma
descriptors, aroma value and aroma intensity of emitted from apple fruit by GC/FID/Olfactometry

Aroma No. of
No. Glgl/'(’) G%II\;[S Component retention time Aroma description .Amn?a SI? panelists References
(min) intensity detected
1 677 675 Ethyl ethanoate 0.04 Smell 1 95 1 (12)
2 7032 726 1-Butanol 0.03 Smell 1 96 1 (10, 12, 14, 15)
3 765 781  4-Methoxy-2-methylbutane 0.07 Apple-like 1 96 3
4 806 818 NP 0.07 Savory 1 1
5 825 835 3-Buten-2-one 0.18 Savory, sweet 1 92 1
6 858 865 Acetic acid 0.13 Apple-like, caramel 1 98 4
7 871 876 1-Pentanol 0.04 Grass 1 96 3 (14)
8 912? 913 Butyl ethanoate 0.10 Sweet, apple-like 1 96 3 (10-15)
9 976 970 1-Hexanol 0.09 Apple-like, caramel, sweet g5y (10-12, 14, 15)
and sour
10 990 983 Butyl propionate 0.05 Plastic-like, fragrant 1 96 2 (10-13, 15)
11 1070 1045 NPP 0.05 Smell 1 1
12 1131 1110 Butyl butanoate 0.04 Stench 1 98 2 (10-15)
13 12042 1190  2-Methyl-butyl butanoate 0.04 Stale, burnt sugar 1 93 3 (10, 11, 14, 15)
14 1249 1238 Hexyl propanoate 0.05 Fusty 1 93 1 (10, 12-15)
15 1313 1308 Butyl hexanoate 0.07 Cinnamon-like 1 94 1 (10, 11, 13-15)

DRetention Index

?Not detected by FID

9Not positively identified (NPI)
“Similarity Index
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Fig. 3. Pie chart of aroma contribution rate of each component of apple. "Not positively identified (NPI).
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