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Volatile components of acorn crude starches and gel powder created from them were analyzed by Gas
Chromatograph—Ion Mobility Mass Spectrometry (GC-IMS). Crude starches were obtained from acorns har-
vested in South Korea (KAS), China (CAS), and North Korea (NAS). The principal component analysis (PCA)
of each volatile component exhibited a significant contribution of PC 1 showing up to 60.5%. The acorn crude
starch from KAS could be distinguished from crude starch from China by PC 1 (p<0.05). However, NAS and
CAS could not be segregated statistically by the PC 1 component. PC 2, which exhibited 22.8% contribution,
of KAS, also showed a meaningful difference (p<0.05) from those of CAS and NAS, making it possible to dis—

tinguish domestic acorn starch from imports.
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Fig. 1. Set up of the GC-IMS (FlavourSpec®”) and experi-
mental conditions to analyzer of acorn crude starch and gel
power samples.
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Table 1. PCA (PC 1, PC 2, PC 3) components of headspace analysis of starches prepared from acorns harvested at Korea

(KAS), North Korea (NAS) and China (CAS) origin

Orici KAS NAS CAS

rem PC 1 PC 2 PC 3 PC 1 PC 2 PC 3 PC 1 PC 2 PC 3

1 081 -0.87 142 -1.48 -0.72 -0.18 150 0.27 0.91

2 2.28 1.34 -0.42 -0.46 -1.24 -0.37 -0.60 -0.02 0.57

3 1.68 -0.70 0.22 0.45 1.35 -0.13 -0.75 057 0.23

4 2.07 1.34 -0.19 -0.65 0.78 -0.24 -0.31 0.92 -0.33

5 1.82 -0.69 -0.13 -1.22 -0.42 -0.50 -0.43 153 0.04

6 2.00 -0.83 0.05 -1.33 -1.01 -0.07 -1.01 -0.05 0.45

7 1.88 -0.67 -0.33 ~1.40 -0.35 -0.42 -0.77 1.08 0.11

8 158 054 0.32 -1.07 058 ~0.59 0.17 119 0.28

9 174 -0.22 -0.24 -1.39 -0.33 -0.63 -1.16 0.32 0.09

10 191 -0.95 -0.12 156 -0.63 -0.18 -1.27 0.13 0.38
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Fig. 2. PCA result (PC_1 and PC_2, PC_1 and PC_3, PC_2 and PC_3) for the exploratory of starches prepared from acorns
harvested at Korea (KAS, gray points-@), North Korea (NAS, white points-Q) and China (CAS, black points-@) origin.
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Fig. 3. PCA outlier result (PC_1, PC_2, PC_3) for the exploratory of starches prepared from acorns harvested at Korea (KAS),

North Korea (NAS) and China (CAS) origin.
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Table 2. Cumulative variance of PC with eigenvalues higher
than one for the principal component analysis of starches
prepared from acorns harvested at Korea (KAS), North Korea

(NAS) and China (CAS) origin (%)
Standard Proportion of Cumulative
Component .. . .
deviation variance variance
PC 1 1.374 60.5 60.5
PC 2 0.844 22.8 83.3
PC 3 0.447 6.0 89.3
PC 4 0.401 5.1 94.4
PC 5 0.275 2.4 96.8
PC 6 0.190 1.2 98.0
PC 7 0.140 0.6 98.6
PC 8 0.112 0.4 99.0
PC 9 0.073 0.2 99.2
PC 10 0.069 0.2 99.4
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Fig. 4. Changes in PC 1 score of starches prepared from
acorns harvested at Korea (KAS), North Korea (NAS) and
China (CAS) origin. Data represents the means+SE. Values
with same superscript are not significantly different by Duncan’s
multiple range test at p<0.05.
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Fig. 5. Changes in PC 2 score of starches prepared from
acorns harvested at Korea (KAS), North Korea (NAS) and
China (CAS) origin. Data represents the means+SE. Values
with same superscript are not significantly different by Duncan’s
multiple range test at p<0.05.
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Table 3. PCA (PC 1, PC 2, PC 3) components of headspace analysis of gel powders prepared from acorns harvested at Korea

(KAS), North Korea (NAS) and China (CAS) origin

Orici KAS NAS CAS
nem PC 1 PC 2 PC 3 PC 1 PC 2 PC 3 PC 1 PC 2 PC 3
1 ~0.59 -1.20 0.81 -0.25 -0.38 0.67 0.63 -0.48 0.32
2 -0.10 -1.05 -0.55 0.32 -1.09 -0.33 0.70 -0.32 -0.18
3 -1.32 0.07 0.05 -021 0.13 0.41 0.40 0.18 ~0.04
4 -0.77 0.20 -0.71 0.15 -0.59 -0.58 0.72 021 -0.30
5 -1.04 -0.20 0.37 -0.24 0.52 0.41 0.67 0.43 0.03
6 -0.86 052 -0.73 0.49 -1.02 -0.15 0.75 0.35 -0.23
7 -1.37 0.32 0.47 0.35 0.37 0.74 091 0.65 -0.01
8 -071 0.60 ~0.54 0.06 -0.63 -0.38 0.18 0.90 -0.38
9 -1.30 0.42 0.18 0.88 0.11 0.75 115 058 0.22
10 -0.28 0.45 -0.16 0.06 -0.68 -0.16 0.63 0.65 0.01
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Fig. 6. PCA result (PC_1 and PC_2, PC_1 and PC_3, PC_2 and PC_3) for the exploratory of gel powders prepared from acorns
harvested at Korea (KAS, gray points-@), North Korea (NAS, white points-Q) and China (CAS, black points-@) origin.
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Fig. 7. PCA outlier result (PC_1, PC_2, PC_3) for the exploratory of gel powders prepared from acorns harvested at Korea

(KAS), North Korea (NAS) and China (CAS) origin.
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Table 4. Cumulative variance of PC with eigenvalues higher
than one for the principal component analysis of gel powders
prepared from acorns harvested at Korea (KAS), North Korea

(NAS) and China (CAS) origin (%)
Standard Proportion of Cumulative
Component .. . .
deviation variance variance
PC 1 0.726 40.7 40.7
PC 2 0.601 279 68.6
PC 3 0.444 15.2 83.8
PC 4 0.340 89 92.7
PC 5 0.207 3.3 96.0
PC 6 0.144 1.6 97.6
PC 7 0.099 0.8 98.4
PC 8 0.085 0.6 99.0
PC 9 0.066 0.3 99.3
PC 10 0.055 0.2 99.5
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Fig. 8. Changes in PC 1 score of gel powders prepared from
acorns harvested at Korea (KAS), North Korea (NAS) and
China (CAS) origin. Data represents the means+SE. Values
with same superscript are not significantly different by Duncan’s
multiple range test at p<0.05.
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Fig. 9. Changes in PC 2 score of gel powders prepared from
acorns harvested at Korea (KAS), North Korea (NAS) and
China (CAS) origin. Data represents the means+SE. Values
with same superscript are not significantly different by Duncan’s
multiple range test at p<0.05.
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