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Effect of Adding Freeze-Dried Kimchi Powder on Flavor
and Taste of Kimchi Snacks
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Effects of adding 0, 2, 4, 6, and 8% freeze-dried kimchi powder (FDKP) on kimchi snack quality were examined.
Headspace volatile compounds of 4% FDKP snack, receiving highest overall preference in sensory evaluation
results, were analyzed, and 26 compounds were identified, including 13 aldehydes, 3 sulfides, a ketone, an acid,
a terpene, and 7 other compounds. Pearson correlation analyses were carried out to determine a correlation
between the concentration of FDKP and the amount of each volatile compound. Acetaldehyde, propanal,
dimethyl sulfide, dimethyl disulfide, acetic acid, and d-limonene showed correlation coefficients above 0.90;
selective ion move (SIM) analysis also showed above 0.97 for highly correlated compounds. Results suggest that
these compounds can be used as indicators for kimchi flavor of FDKP snack.
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�, 	�, ��, ��� ��� ���
�
, ��
 ����

�����, ��� ��� ��	�� �����, ��� 	
����� �
 ��� ����� �� pH� ��� ���

� �
 ��� ��� �
� ���� ��� ����� �
����.

����� ��� ��

���
� ��� ��	�� ���� �� �� ���

���
 ���� ���� ��� �� �� � �� ��

� � �
�� ���� ��� ��� �
 �����. �
�� �� ��� pH� ��� ��� 	���� ����

����� ��
� �	�� 
�� ������, �� �

 ��� ��� ��� ��� ��� ��� ������

���� �� �����.

�� �� �� pH� �� ��

��� � �(1)� ���� �� �� incubator(B.O.D JI-
110B, Jangin science co., Korea)� 10oC� ���� ����

� 5,10,15,25�� ��� �� ���� pH� ��� ���

��.

����� ��

����� ���� ��� �	��� ��� ��� �
�� ��� ��� 1���� ��� ���� ����� �
�, ���, �, �� �� �� ��� �� �� 200 g� �
� 5� ��� pH� ��� ��� �� ��� ���� 	
��� 	���� �����. 	����� ���� ���

��� � ��� ���� 5� ���� pH� ��� ���

� ��
� 	�� 2� ��� ��� 	� 

 �
�� �
� ��� ��� ��	� �
� ��� ��	�� ���

� 	��� ����� �����.

����� ����

��� ���
� ���� ���� ��� ���� 

��� � ��	�� 
���� ���� control	� 2%,
4%, 6% 8%� ������ ��� ���� Table 1� ��

�
�. ��� ����
 ��	� �� color, nutty, softness,
kimchi tasty, hotness, overall �� ��
�� ������, �
�� 
�� SAS�� 
���� ���� �� �����.

Automatic thermal desorber� ��� ��� �� ���

��

��� 
���� ��
 automatic thermal desorber(Perkin
Elmer, ATD400, USA)� �����. ���� 20 g� vial
100 mL� ���� rubber cap�� 
��� ���� seal�

� � 100oC� �� �� 5�� ���� vial ��� ��

� 
���� � ����� � �, ����� vial� injection
�� 20�� ���� vial ��� 
���� �
��� �
���� ��. 20��� � auto sampler� ����� ��

gas Chromatography-mass spectrometry GC-MS� �����.

GC-FID/MSD� �� ��

���� ��� ���������(QP-2010, Shimadzu Co.,
Japan)� mass selective detector (MSD, QP-2010, Japan)� �
� ��������. ��������� oven� ����


���� 30oC�� 5�� 	�� �� 3oC/min� 
�� ��

���� 200oC�� 5�� 	���� ���. Column
 AT-1
(60 m�0.32 mm i.d.�1.0 µm film thickness)� �����. ��

� ��� 250oC�� mass range� 20-350 a.m.u, column
pressure� 80 kpa��. ��� 
���� ��
 mass selective
detector� �����.

�� � ��

�� �� �� pH� �� ��

��� �� �� � 5�� 10� 15� 25�� ��� ��

���� pH� ��� ��� 
�� Table 2� ���
�.
�� �� �� pH� 
� 10�� ���� �� ��� �
�� �� ���� ���	� ���� �
� ��� ��.
� �, ��� ���� �� ��� �� �� 10oC� ���

incubator� ���� ��� 2�� ��� pH 4.0-4.7, ��

0.5-0.8% ���� ��� �
�� ���� ���
�.
pH� 	�� ���� 	
��� �� ��. ���
 �

�� �� � ������ �� ����� ��� �� �
���� ���� pH� ���
 	
� �� �	� ���

���
 ��� �	�� ���� pH��� ��� ���

�� ����� 	 � ��
, � �(7)
 ��� ��� �
� ��� ��� ���� �� ��� ��� �� �� �
� ��� 	
� ��� ���
 lactic acid� succinic acid
� ���. �� ��� ��� ���� �� ��� ���,
�����, �� �� ��� 
� ���� ��	 �� �

Table 1. Snack recipe for adding freeze-dried kimchi powder
(Unit: g)

Ingredient Amount

Flour 500
Freeze-dried kimchi powder variables1)

Salt 4
Sugar 120
Butter 50

Wheat-gluten 30
Egg 250
Milk 50

Whole sesame 40
Water 30

1)Variables of kimchi powder were 0 g, 10 g, 20 g, 30 g, and 40 g for
control, 2%, 4%, 6%, and 8%, respectively.

Table 2. Changes of quality characteristics of kimchi during
fermentation at 10oC1)

Quality
characteristics

Fermentation time (days)

5 10 15 25

pH 5.29 4.35 4.23 3.97
Acidity 0.36 0.65 0.68 1.20

Total microbial 
count (CFU/mL) 1.7�106 5.0�108 5.5�108 1.8�108

Lactic acid bacteria 
(CFU/mL)

6.0�104 2.9�108 3.0�108 1.0�108

1)The above data was the same as the reference of Cho et al. (15).
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��� ��� ����� �� 
��� ���
�.
� �(1)� �� ����� ����� ��� 	
� ��

� ��� ��� ��� lactic acid� acetic acid� ����

� ���
�� ���. ��
 � �(7)� 
��� ���

��. �� � �(18)� ��� ��� �� ���� � lactic
acid, acetic acid� glutamic acid � aspartic acid� �� ��

���� �����.
�� �� �� ���� ���� 
� 15� ���� �

��� ��� ��� �� ���� �
� ��� ��� 15
�� ���� ���� �
�. �� �� � ��� ���

� ��� �� ���� ���� ��� ��� 	
� �
�. ���
 ��� ���� ���� ���� ��
 ��

�� ��� � �(19)
 GC� ��� ��� �����

mannose, fructose, glucose, galactose� 
����, �� ��

� mannitol� ���� �����
, ��
 ��� ����

�� 
� ����� ���.

�� ��� ��� ��

� 	�� ���� 
��� control	� �� ���� �
��� �� 	�� 2, 4, 6, 8%� �
���
� ����

�� 
	� ��� �� 0.3 cm, �� 5 cm� �	�� 170oC
��� ��� 2�� �� ��� ��� � ��� 	�� �
� ��� ��� ��� 
�� Table 3� ��. ��� ��

�� �
 control	� ��, ��� �� ���� ��� �
� �����, �
�� ���
 �� ����. ��� �
�� ����� �
�� ��� ��� �, ��� ���


�
 ��� �����, 6%� �� ���, nutty, ����

��� �
 ��� ���� ����� ���� ��� �
��� ���. 8%� ����, ���
 ����� ����

� nutty� ����� �� ��� ���. ��� � ���

�� 4% ���
� ��� ��� ����, ��� �, nutty,
�
�� ������ �� ��� ��� ���
�.
��� ����
 ����� �� 20�� 2004� 4� 27

� �� ���� 6�
� ����� �� ��� �� 	�

� ��� �����. ����� 	�� ��
�� ���

���� �� ��	� 
�	 � ����� �� � � �
� � 	�(%)� ��� 	�� ��� ����� ����

��� 
��� 10
 ���� ���� �
�� ����

� ���, �
���
 �� ����� 	��� color, kimchi
tasty, nutty, softness, hotness� overall� ���� 	�� ��

�� �� ��� �� � ��� 3�� 
���� ����

� �� 4�� ����� 	�� 16�� ��� ���� �
����

�� 
��� ����� ���� �� ���� 
��

�� ��� � 	�� �� ���� 	�� �� ��� �

�� ��� � 	�� ���� ��� ����� ��� �
�� ���
�.
���� 2%��	
 ����� ��� �
 ��� �


�� ��� �� ���� �
� ���, 8%��	
 ��

�� ���� �� ��� �
�� 	��� ������,
6% ��	
 �� �� ��� 	��� ���� ����

��� ���� �
�� ��� 4%��	� �� �� �
��� �� � � ��. 4%��	
 ��� �� ����

�
 �� ��	� ������ ���� ���� ���

����� ��� �� ��� �
�� ��� ���� �
��� 4%��	� ����� ������ ��� ����

����.

����� ��� �� �� ��

Automatic thermal desorber� ��� ����� ��� 

���� ��� � GC-MSD� �� ��� 
�� Table 4
� ���
�. ����� ��� 
� ��� ��� ��

�� ��� ���� ��� 0%� ���� 4%, 8%� ��

� ��� 
�� ��� ���. � 26�� ��� ����

��, ��� ��� �� ��� aldehyde� 13�, ketone� 1
�, 
����� 3�, acid� 1�, terpene� 1� ����� 7
��� �����. ����
 3� �� 
� ��� 
��

�� ����� ��� �� ���� ���� peak area�
��� ��� ���� ��� ���� �� ��	 � �
�.

Peak area� 1.0(�107) ���� �� ��� �����


acetaldehyde, ethyl alcohol, acetone, ethanal, carbon bisulfide,
propanal, butanal, ethyl acetate, d-limonene �
�� �� ace-
taldehyde, ethyl alcohol, acetone, butanal, ethyl acetate, d-
limonene� �� ��� ��� 
���� purge & trap��

��� Povolo(20)� 
�� ���� ����� 	�	 � �
�� ���� ��� ��� ��� �� � � �
�. ��

��� ����(4%, 8%) � ��(0%)� ��� ��� ��

� �� ���� ���
, �� ��� ��� �� � ��

� ��� ��� ����, 	� ���
�� �� ��.
���
 ��� 	�� ��� ��� ����� ���

����� ���� �����. ��� ����� 0.90 �
�� �� ��� ��� ��
 acetaldehyde, propanal, dimethyl
sulfide, dimethyl disulfide, acetic acid � d-limonene�
�.

SIM(selective ion move)� ��� �� ���� ��� �
��� ��

SIM(Selective ion move)��
 ��� ����� ����

� ��� ����. � ����� ������ ��� ��

� ��� ��� ��� ��� ����� 0.90 ���� �
� ��	 ��� �� 6�� 	����� SIM� ��� �

Table 3. Sensory evaluation of kimchi snack with the added amounts of kimchi powder

Color Nutty Softness Kimchi tasty Hotness Overall

Control 4.74b,1) 6.79a 5.11ab 1.11d 1.16e 4.63c

2% 5.74ab 6.37ab 6.05a 3.05c 2.53d 4.84c

4% 5.26b 6.16ab 5.58b 4.21b 3.95c 6.95a

6% 6.47a 6.00ab 5.26ab 6.26a 5.84b 5.84b

8% 5.53b 5.37b 4.63b 6.58a 6.84a 5.95b

1)Different letters within the same columns are significantly different (p<0.05).
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� peak area� ���� ��� ����� �� 
�� Table
5� ��
�.
��� ��� ��� �� ��� ����� 
� 0.97 �

��� ���� �
 ���� �� �
��, � ��� �
�� �� ��� ���� ��� ��� ��� �� ��

�� ���� ��.

� �

�
���
� ��� ����� ��� ��� ��� �
�� 	
� ��� pH� �� 	�� 5� ���� ���


� ��� 2�� ��� pH 4.0-4.7, �� 0.5%-0.8% ���

� ��� �
�� ���� ���
��, � � ��� �

�� �� ����� ��� �����.
���� 
	
 
��� ���� control	� �� 2, 4,

6, 8%� �
���
� ���� �	� �� �� 170oC �
�� ��� 2�� �� ��� ���� ��� 	�� ��

��� ��� ��� 
� ����� color, kimchi tasty,
nutty, overall �� ���� �
���
 4%��� �� �
�� ��� ���
�.

Automatic thermal desorber ��� ��� ��� ��� �
��� ��� 
� 26�� ��� ������
��, ��

Table 4. Volatile compounds identified from extracts of kimchi snack (Unit: Peak area �107)

Peak No. Compounds RT
Amount of kimchi powder

Odor description1) Pearson 
correlation2)

0% 4% 8%

1 Acetaldehyde 3.57 4.39 5.89 8.20 cabbage 0.99
2 Ethyl alcohol 4.33 12.41 9.80 7.97 sweet -0.99
3 Methane 4.56 - 0.12 0.11 - 0.83
4 Acetone 4.68 3.54 2.74 0.07 - -0.89
5 Ethanal 5.42 17.48 6.22 5.59 pungent -0.89
6 Dimethyl sulfide 5.64 - 0.12 0.31 cabbage 0.99
7 Carbon bisulfide 6.17 25.16 32.09 27.29 - 0.30
8 Propanal 6.58 1.26 2.58 5.72 solvent 0.97
9 Butanal 7.72 29.22 0.50 0.05 pungent -0.87
10 Pentane 8.15 0.20 0.20 0.28 alkane 0.87
11 Acetic acid 8.55 - 0.49 0.66 sour 0.96
12 Hexane 8.91 0.81 0.50 0.50 alkane -0.87
13 Ethyl acetate 8.99 1.05 0.50 0.48 pine apple -0.88
14 Cyclopentane 10.23 0.75 0.66 0.61 - -0.99
15 Benzene 11.51 0.47 0.39 0.38 - -0.91
16 Cyclohexane 12.02 0.24 0.24 0.23 - -0.87
17 Heptane 14.52 0.25 0.21 0.22 alkane -0.72
18 Dimethyl disulfide 16.22 0.13 0.26 0.57 onion 0.97
19 Hexanal 19.66 0.17 0.94 0.52 fat, grass 0.45
20 Octane 21.11 0.05 0.45 0.21 alkane 0.40
21 Xylene 24.98 0.23 2.69 0.30 - 0.02
22 Stylene 26.15 0.15 1.25 0.22 balsamic 0.06
23 Benzaldehyde 29.83 0.23 2.24 0.24 burnt sugar 0.00
24 Camphene 30.75 - 1.01 0.16 camphor 0.15
25 Phenol 31.29 0.25 2.56 0.38 phenol 0.15
26 d-Limonene 35.45 1.42 2.26 3.91 lemon 0.98

1)The odor description was obtained from Kovacs retention index of www.flavornet.org.
2)The values were the relation between the amount of kimchi powder and the amount of each volatile compound.

Table 5. Volatile compounds from extracts of kimchi snack using SIM (unit: SIM peak area �106)

Compounds mass/charge1)
Amount of kimchi powder

Pearson coefficient
0% 4% 8%

Acetaldehyde 44 4.21 5.86 9.71 0.97
Dimethyl sulfide 47 0 0.13 0.33 0.99

Propanal 43 1.26 2.59 5.69 0.97
Acetic acid 43 0.22 0.48 0.85 0.99

Dimethyl disulfide 94 0.11 0.35 0.53 1.00
d-Limonene 68 1.04 2.19 3.92 0.99

1)The mass/charge for eack compound was most abundant selective ion molecule.
2)The peak area was the peak area of the most abundant selective ion molecule.
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��� ���� ��� aldehyde� 13�, ketone� 1�, �


��� 3�, acid� 1�, terpene� 1� ����� 7��� �
����.
�
���
� ��� ����
 4� �� 
� ��� 


���� ����� ��� �� ���� ���� �� �
� ��� ���� ��, ���
 ��� 	�� ��� �
�� ����� ��� ����� ���� �����. �
�� ����� 0.90 ��� �� ��� ��� ��


acetaldehyde, propanal, dimethyl sulfide, dimethyl disulfide,
acetic acid, d-limonene �
�.
��� ����� 0.90 ���� �� ��	 ���� �

�� ����� ����� ��� ��� SIM ���� �
�� 
� ��� ��� ��� �� ��� ����� 

� 0.97 ���� ���� �
 ���� ���
�� � �
�� ��� �� ��� ���� ��� ��� ��� �
� ���� ������.

��� �

� ��� ������ 2003� 	���� ����� �
��� ���
��, ��� ������.

� �
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