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Purpose: The objective of this study was to develop freeze-dried sauce that can be applied to the export market of home meal 

replacement (HMR). Methods: Three recipes of Halal sauces (Kimchi, chicken, and beef) were developed and evaluated for their 

sensory characteristics and preferences by domestic Muslim consumers. All three sauces were inspired by Korean cuisine and 

designed to fulfill domestic and overseas Muslims’ appetites under Halal standard. The test was acquired using quantitative descriptive 

analysis (QDA). The test used to test sensory evaluation (9-point hedonic scale) was conducted at a Mosque in the Itaewon district of 

Seoul with 125 random Muslims. Dried sauces and dried-rice were rehydrated together in order to accurately measure their sensory 

characteristics. Results: The attributes brown color, glossy, soy sauce aroma, Bulgogi aroma, sweet flavor, soy sauce flavor, and beef 

flavor for beef freeze-dried sauce were scored significantly higher than other samples. The attributes yellow color, soy sauce aroma, 

onion aroma, sweet flavor, soy sauce flavor, and chicken flavor were scored high for chicken freeze-dried sauce. Principle component 

analysis (PCA) and external preference mapping were conducted to describe relationships between samples and attributes. Conclusion: 

Freeze-dried chicken Dub-bab was scored highest in appearance, aroma, flavor, and overall flavor in the sensory evaluation by 

domestic Muslim consumers. 
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L2%�*��2T��U1V"�WXL��G0��YZ[�
"\��N���]^������
��_��`ab�c�d�
e���fg�E+(Kim EM 2015). 2>�hi��P�	.L

������>�&'$��jH�#kV���lm$%�*
#B�YZ[��no>�p��q�V"�.����#�rS�
���&'0�;P�st>�;�V"�u12+. 

Home meal replacement(HMR),���v��6!�HG��
8�*,��1p7����w��P, x/��y�/��z;
P�K(�{$,�7�2+. hi�HMR ��
�2010|>�2
/�2,000}�~���!���$�%�2030|�2"�2$��\�
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Sample Description Main ingredient (g)

Kimchi 

sauce

1. Prepared vegetables are minced 

2. Mix wet and dry ingredients in a pan and bring up to boil

3. Let it simmer until protein is fully cooked about 5 min

4. Cool down quickly until internal temperature reaches 4°C 

5. Freeze-drying for 3 days and then pulverize

Onion (35), carrot (8), ground chicken (40), Kimchi 

(40), Kimchi liquid (60), dried vegetables (5), leek 

(10), water (80), soy sauce base (2), garlic (3), sesame 

seeds (5), sugar (5)

Beef sauce 1. Same method as Kimchi sauce

Onion (75), carrot (8), ground beef (80), dried 

vegetables (5), leek (10), water (80), soy sauce base 

(60), garlic (3), sesame seeds (5), sugar (3)

Chicken 

sauce

1. Same method as Kimchi sauce

Onion (75), carrot (8), diced chicken breast (80), dried 

vegetables (5), leek (10), water (80), soy sauce base 

(60), garlic (3), sesame seeds (5), sugar (3) 

Soy sauce 

base

1. All the ingredients were boiled and then simmered 10 min

2. Let it settled about 30 min with room temperature

3. Only liquids were saved for later use

Halal soy sauce (900), carrot (50), sugar (100), beef 

(450), whole black pepper (2), leek (50), onion (100) 

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

8���#$,�D�2�52%��-��>������8���
���� N��� e��� fWE+(Choi SW & Ra YS 

2013). 2>�t����hi>�,�HMR��%��;P>
��������;PL2�+8�st�y�'�5%�*,�, 

��
��J���>��QR, �����J�������
p�5%�*����2T��HMR;P(��������
,����9��c2��+%���8�*+(Kim KH & Kim 

KM 2010).

���������E��
� \L2�&¡5¢%, ��
£���(�p¤$,�¥ , ¥, ¦§2�K
�;P���5
�������>�&'$%�*#B�¨w����67��8�
*,�Q/C©>�p��st�y�;P
�&¡E�ª�«+
(Park SY 2017). ¬h"(�pg������hJ��/6�
,���®h"����>�p��"��y��¯)�/6(Joo 

NM K�2001), °±�/²³�´c����>�p��"��/
6(Park YS & Chung YS 2005), �µ�¶�£h"L��
��>�p��"#)���¯)�/6(Kweon SY & Yoon 

SJ 2006), ·��¸¹�º»����>�p��"��y�B³
)�/6(Lee YJ 2007) K2�2¼�½�¾+. 2-���
�
 \L
�¬h"L����>�p��"�/6�y����²
¯)�/6>�¿À2��Á½�*(�Â����gP�, Ã��
������gP�!�j�� \,�¶��«,�u12+. 2
>�¹� \>�,����"N(�O
����9:!�27$
´�/���C©!�ÄGQ/��3(�27$´�st$��
Å, 2!��x������x��Æ®!�#Ç,�ÄGQ/�
DÈC©�3É(Ê%�, ¥ , C%�)(�;/$´�Ë�E�
ÌÍ(�pg���1ÎV�Ï6ÐÑ(�u�$��Å, hi
>�¶$%�*,�YZ[�CD?!�pg���CD?�²
¯)�/6!�u�$�+.

�������

�����

����P��Ò��/Q���"$´�ÓÔ��Q/Õ(�
;¬���Ö�9:,����"N(�O
�;PB(�67$
�+. Q/Õ
�×o�(Gyeonggi, Korea), ���"N�¨�

�Suree Interfoods Co., Ltd.(Thailand), ¥ ,�Ourhome  

(Chungbuk, Korea)��;P(�ØØ�\n$´�67$�+. 

Ù%�(Albaraka, Australia)��Ê%�(Albaraka, Brazil),�
�µ�2Ú~Ä>�j �����"N���\DE�Ûª���
1ÜÀ>��\n$�%�Q/ÓÔ(Myunsarang, Chungbuk, 

Korea),��µ�;�Ä>�j ��ÝÞÉq�P>��\n
$�+. 2�ß>�àá(CJ Cheiljedang, Seoul, Korea), �
â, pâ, ã�, äå, %æ�¼, �ç�, �è,����h
ié�;P���²ê$��Å�2äë�ìí�À>��\n
$´�67$�+.

����	
������������������

ÄGQ/�DÈC©��;/·30�îqD,�Table 1>, 

�:�;��01
�Fig. 1>��ïi¢+. DÈC©�;/
��ð2©��o¨�(�;/$´�ñ�$,�, o¨��;
/�>�675,��Ö�ÓÔ,�ò$´�5×5 cm ����
óô$´�67$�+. õ.�9:!�ö]���Ö�9:!�
÷D>�ø��R�(100°C)��ù"�ç, 9:��ù�úa
X�£�(50-70°C)��û)!�ü�%�10Ð¨��ý�þ�$
�+. ÷D���Ð(��������ç�30Ð¨�uû>�· 
$�+. 30Ð2��0E�ç, Ôx(�27$ �́Q����C©
!�Ð���ç, Q��!�;¶��C©!�4°C ��%(NRD- 

450HRF, Daeyeong E&B Co. Ltd., Ansan, Korea)>�24�
¨�· $�+. 24�¨�· E�C©!���%>���i
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���X��%.�	(�;¶��ç, ð2©�9:��67$
�+.

DÈC©,�
�3É���ØØ�¥ �DÈC©, Ê%��
DÈC©, C%��DÈC©2Å, +J0��
�Ä¸��·
3���;/$�+. ;/>�675,��Ö�9:,����
ò��ç�ÓÔ�y�%�,�b�+½�67$�+. õ.�
9:!�ö]���Ö�9:!�÷D>�ø%�R�(100°C)��
ù"�ç, 9:��ù�úaX�£�(50-70°C)��û)!�ü
�%�����«(�<�#��ý$´���+. �ýþ���
���ç, 15×15×5 cm ©�"�©��>�3 cm �^��C
©!�����
�ç�-30°C��d�<�#�`ab��·$�
+. C©���
�ç, ÄGQ/�(FD8508, IlShin Lab Co. 

Ltd., Suwon, Korea)>�ø��3¸¨�ÄGQ/!�$�+. 

Q/�ç, ���(VM0 105E, VITA-MIX Corp., Cleveland, 

OH, USA)!�67$´�â����Ú���S�;/$�+. 

ÄGQ/�DÈC©!�ñ������:,�Q/Õ�60 g0�
DÈC©�15 g(������, ù,��(100°C) 131 g(��
���ø%�Õ0�DÈC©, �2���¸�8�*)��©Ì
��!�27$´������D��ç,  !(��%�15Ð
¨�gû>�· $´�8��"+. 2���2�;/��3É

��DÈC©��ØØ�����:�3É(�;/$´��:��
67$�+.

������������

3É�����+#�DÈC©��;/��������V�Ã
c(�$�$��jH�1ÎV�Ï6ÐÑ�·3(Stone H K�
1974)(��¹���$%�ÌÍ
���$���%�y�Ë�2�
5�*,�ÌÍ�, w��(��&2�)�\nH�¹���p
'(��P��'0�'�)�y�p'~)�10*(Þc: 2*, 

´c: 8*)���\c$�+. Ï6ÐÑ�u%(�j��ÌÍ
Ë�
�2�¨+�3,>�-��&¡$�,��2!��H�Ï
6ÐÑ�¹u%>�67Vó��7�!�)'$��Å, ¹u
%
�3,>�-��&¡$�+. ¹�u%>�;�E�ÄGQ/�
DÈC©����3É���:�;��01
�Fig. 2>��ïi
¢+. stE�kcL
�.�!��H�1�$��Å��:!�
$���<�o(�/,�01, n�01, Vó���:���0�
7�!�G1$�+. C©��2ª#�$���/�01��¨
C�!�jH�ÄGQ/�C©,�Q/Õ0�]^�;35��
�����Ú��;�5¢+. ÄGQ/�DÈC©����3É

�15 g+� !2�*,��4>��%�ØØ���4>��8
¤>��\��?��5?!�¤�$´�;�$�+. �:��
$��62>�n�017���6�"�0?��)8!�à=
#��]^�;3$�+. Ï6ÐÑ(�j���:�3É
�¬�
(�7, l87, 9R7, :
7, ;�), <(¨�, �%�, �
â, Ê§J, <=:, >�÷?, =�÷?), o(ôo, =o, >
o, éÌ��o, ¨��o, @A�o, Ê%��o, <=:�o, 

C%��o), /B�(ôô], ��TC, DE, F�G,���
o, Hk����o)��I���u�$�%�Ø��:��kc
L(����$���ç�+J��:!�$�$)��$�+(Lee 

SM K�2015). Ø��:���:�62>,�6�"�0?��
)8!�27H�n(�0\)��$�+. ¹�u%>�67��
ò),�R)�ò)��15À�ò)g(1=J], 15=R])>�H
ã$,�K>�¤�$)��$�+(Yoon HR 2005). 1À
�
Ãc2�S�J��e(, 15À
�kc��Ãc2�R$b��
ï�,�e(��®$�+. o0�L�
�¬�0�<®!�M
N�$���ç>�&¡$�%��s��*,��4(�27$
´�û)�O�>�pDH�<®�W1�ç��s!�P)��$�
+. ���, u%>�×´$��-�ÌÍL
�$��1�¨�-
�Q���2¬>��Ö�J��0�J:��RS!�H$)��
$�%�<®�$�>�·Hd�8�*,���P0�<8)�H
$)��$�+.

 ��!"�#$%���&�'()���

8'7����DÈC©�����²¯)�/6!�jH��
µ�2Ú~Ä>�j ��2ZT�6~>��hi>�¶$,�
YZ[�CD?!�pg������$�!�u�$��Å, Y
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Z[�&j�´�!�U"$%�à=(�u�$�+. à=
�
$¼�$V�10�¨�1)��C�5¢�Å�2¸¨�&¡5¢
+. �:,�1ÎV�Ï6ÐÑ>��67WX��:��Ä¸��
�:! 67$��Å�67E�9:�����"N(�N*$
,��Y!�]^�;�$�+. �:���:�62>�n�01
7���)8!��:��]^�;3$�+. ²¯)�/6!�
j�����DÈC©����3É
�¬�, <, o, /B���
I���$�$)��à*$�%����:��$�����X�
+#��:!�$�$)��$�+. Z�, ��, S[�, "
)\�S�, ]±���^cE�à=#!�;3$´�ÌÍ2�
à=#!�²ê��8�*)��$�+. ¹� \,���p'(�
��)*;�j~,��_"(�OS�&¡$�+(Approval 

Number: HYI-17-018-2).

*��+,��

���ÄGQ/�C©�3É�����Ãc$�,�Cho HY  

(2003)��·3(�O�$´�+OÎ�ÐéÐÑ(multivariate 

analysis of variance, MANOVA)(�$��Å��:�̈ ��6
ç�:N���X`��+£:1(Duncan’s multiple range test)  

(p<0.05)(�u�$�+. Ø��:����V�Ãc��c<(�
âa$��jH�cÐ�ÐÑ(principle component analysis, 

PCA)(�8¡$�+. YZ[�CD?L��¸x�6b
�c

)ÐÑ(�67$�%, Ø��:>�p��YZ[�CD?L��
$��c<(�Û��jH�ÐéÐÑ(�u�$´�d�V"�
�2(p<0.05)!�:1$�%�X`�6ç�:N(p<0.05)(��
H�$V�¨���2!�$�$�+. DÈC©����3É��
Ãc�£�CD?L���¯)>��<(�,���V�Ãc
>�p��1/!�/+�72$b�âa$��jH�Ï6ÐÑ�
G0>�CD?��¯)�À8!�,e�f,�¬�V��¯)�
)¤�(external preference mapping) �3(�8¡$´��
[����ïi¢+. ¹� \��c)ÐÑ0�MANOVA �
��ÐÑ
�SPSS Statistics(ver. 21.0, IBM Corp., Armonk, 

NY, USA)!�27$´�ÐÑ$�%�PCA��¬�V��¯)�
)¤�����ÐÑ
�XLSTAT(ver. 2017, Addinsoft, New 

York, NY, USA)!�67$´�ÐÑ$�+.

���	
����

���-.��/0	������12

1ÎV�Ï6ÐÑ7���)'E�27s����V�Ãc��
1�,�Table 2>�;�$�+. 2!�27$´�+OÎ�Ð
éÐÑ(�u¡$%���G0!�Table 3>��ïi¢+. +
OÎ�ÐÑ(�u���G0(Table 3), �
�kcL>��d�
V"��2���ïg+(p<0.05). ÄGQ/�C%����
�
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Attribute Definition Reference

Appearance�

Brown Intensity of brown color Color wheel

Yellow Intensity of yellow color Color wheel

Red Intensity of red color Color wheel

Black Intensity of black color Color wheel

Glossy Intensity of soy sauce and corn syrup mixture Mix 100 g soy sauce with 100 g corn syrup

Aroma�

Soy sauce Aroma associated with soy sauce Yangjo soy sauce 501 (Sampyo, Icheon, Korea)

Bulgogi Aroma associated with Bulgogi Bulgogi Dub-bab (CJ, Busan, Korea)

Onion Aroma associated with soy onion Onion (Emart, Seoul, Korea)

Stir-fried Chicken Aroma associated with stir-fried chicken Stir-fried chicken sauce (CJ, Nonsan, Korea)

Kimchi Aroma associated with cabbage Kimchi Bibigo cabbage Kimchi (CJ, Busan, Korea)

Bitter Aroma associated with bitterness 0.04% Caffein solution

Sour Aroma associated with sourness Mix 1 g vinegar with 50 g distilled water

Taste�

Sweet Sweet sensation during tasting 1% Sucrose solution

Sour Sour sensation during tasting Mix 1 g vinegar with 50 g distilled water

Bitter Bitter sensation during tasting 0.04% Caffein solution 

Rancid Flavor associated with rancidness Freeze-dried soup (Ajinomoto, Tokyo, Japan)

Soy sauce Soy sauce sensation during tasting Soy sauce based sauce Dub-bab (CJ, Nonsan, Korea)

Spiciness Flavor associated with spiciness Spicy chicken Dub-bab (CJ)

Chicken Flavor associated with cooked chicken Cooked Chicken breast (Emart)

Kimchi Flavor associated with cabbage Kimchi Bibigo Kimchi (CJ)

Beef Flavor associated with cooked beef Beef Dub-bab (CJ)

Texture/

Aftertaste�

Hard Hardness sensation during tasting Beef stew (CJ, Busan, Korea)

Soft Softness sensation during tasting Sous-vide chicken (Emart)

Mushy Mushy texture during tasting Mashed potato (Emart)

Astringent Aftertaste associated with astringent flavor Green tea (Dongseo, Seoul, Korea)

Metalic Aftertaste associated with metallic flavor Freeze-dried fruits (Goodfood, Incheon, Korea)

������ 	� ���	
		�
� �
�� ������
��� ��� ���  !� ��	"���� ����� 	
� �����	�	��� �
����	�

Attribute / Sample Chicken Kimchi Beef

Appearance

Brown 5.85
c

10.15
b

13.20
a

Yellow 9.60
a

6.20
b

4.05
b

Red 2.30 3.95 2.90

Black 2.35
b

4.60
ab

7.20
a

Glossy 5.00
b

6.10
b

8.40
a

Aroma

Soy sauce 8.15
b

6.92
b

11.15
a

Bulgogi 7.45
b

6.55
b

11.20
a

Onion 8.20
a

4.40
b

4.25
b

Stir-fried chicken 5.40 5.90 5.80

Kimchi 1.90
b

5.75
a

1.85
b

Bitter 4.50 5.95 6.60

Sour 1.80 3.10 1.70

Means of duplicate replication. Evaluation were scored on a 15 

point scale, intensity of each attribute were counted with 1 = 

weak and 15 = strong. 

a-c

Values with same letter in a row are not significantly different

(p<0.05, Duncan’s multiple range test).

�������	�#�����	�
���� ��
�������	"���� ���������� ���������	���

������ ������ ���	�
�

Attribute / Sample Chicken Kimchi Beef

Flavor

Sweet 8.25
ab

5.75
b

8.75
a

Sour 2.45 3.15 2.35

Bitter 1.60 2.40 2.50

Rancid 2.20 4.55 4.35

Soy sauce 8.15
b

6.65
b

11.70
a

Spiciness 2.40 5.30 3.15

Chicken 11.30
a

4.70
b

3.70
b

Kimchi 1.97
b

5.70
a

1.80
b

Beef 4.00
b

6.35
b

11.65
a

Texture/

Aftertaste

Hard 4.85 4.10 5.55

Soft 7.20 8.10 7.40

Mushy 4.25 5.50 4.25

Astringent 2.30
b

4.15
ab

4.40
a

Metallic 1.95 2.25 2.15

�������	�#�����	�
���� ��
�������	"���� ���������� ���������	���

������ ������ ���	�
�� $��
	
���%
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General information N(%)

Gender

Man 81(75)

Woman 27(25)

Age

10-19  2(1.9)

20-29 55(50.9)

30-39 23(21.3)

40-49 18(16.7)

50-59  9(8.3)

60-69  1(0.9)

Country

Malaysia 26(24.1)

Pakistan 17(15.7)

Korea 10(9.3)

Bangladesia  7(6.5)

Egypt  7(6.5)

Indonesia  7(6.5)

Senegal  3(2.8)

Others 31(28.6)

������ �	� ���������	��� ��� �����	�� '���	�� ��
������

¬���kc�£��7, :
7, ;�>��d�V���hb�
�ïg�Å�2,�Ê%���¥ !�ð2©��67��+#�
��/+���A�7i��"�5¢��<=2�%�jôE
+. <�� kc�£�¨��<0��%��<
�ÄGQ/�C
%����2�d�V���hb�$�5¢�Å�ÄGQ/�Ê
%� ��>�,��â��<2�d�V���hb��¾+. 

ÄGQ/�¥ �����<��kc
�¥ <2�d�V���
hb��ïg+. o��kc�£�ôo0�¨��o
�ÄGQ/�
Ê%����0�C%����>��d�V���hb��¾,
�, �¹�9:"�¨��ð2©���â��D�2�h��<=
2�%�jôE+. ¥ �o
�ÄGQ/�¥ ���>��h
b�$�5¢%�Ê%��o0�C%��o
�ØØ�ÄGQ/�
Ê%����0�C%����>��hb�W15¢+. �Ö�
k6��/B��kc>�,�d�V"��2���#�rl�
Å�ç®��kc"�F�G,�o2�ÄGQ/�¥ ����k6
>���ïg�Å�d�V���hb��ïg+. 2g>���
m��ª���2, ��V�Ãc$�>��d�V"��2!�
/�X�kc(�27$´�cÐ�ÐÑ(�u�$´�Fig. 3

>�;�$�+. ��V�Ãc��;1cÐ(PC1)
�55.76%

��à*5¢%�;2cÐ(PC2)
� 44.24%��
�O���
100.0%!�à*$%�*+. ÄGQ/�Ê%����
�PC1��
J��·<>�no5¢�Å�C%����
�PC10�PC2��
���·<>, ¥ �����c<
�PC1�����·<���
�ïg+. ÄGQ/�¥ ���
�-.V"�<�, o�y�

�7��c<(�#Ç,�xX�C%����
��7, :
7, 

¨��<®, �%��<®, ¨��o, C%��o��� � 
,�c<(�/2%�*+. 2��xp��ÄGQ/�Ê%���
�
�l87, -.V"�/�, Êp�<®, Ê%��o2�R
$b��ïg+.
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Sample Appearance Aroma Flavor Texture Overall preference

Beef sauce 6.81
NS

6.50
NS

6.45
b

6.50
NS

6.64
b

Chicken sauce 6.91
NS

6.99
NS

7.10
a

4.91
NS

7.20
a

Kimchi sauce 6.83
NS

6.87
NS

7.12
a

6.81
NS 0

7.06
ab

a-d 

Different letters are significantly different (p<0.05) by Duncan’s multiple range test.

NS 

Not significantly different.

������ �	� &�
����� ������	�
� ��� �� �	�����
� ����������	
�� ������ ������ ������ ���	�
���	�� �����	�� '���	�� ��
������


��	� �	� #(��
��� �������
��� ����	
�� ��� ����
	�� ��	
�� ��� ��
������ $�	���� 	
�����	�
%��

���!"�#$%���&�3()���

hi�CD?�²¯)�/6��¸x�6b
�Table 4>�;
�$�+. ×´��ÌÍL
����YZ[2¢%�Þc2�81

*(75%), ´c2�27*(25%)���
�108*2¢+.  qr
�,�10p�2*(1.9%), 20p�55*(50.9%), 30p�23*(21.3%), 

40p�18*(16.7%), 50p�9*(8.3%), 60p�1*(0.9%)2¢�
Å�×�?��p�Ð2�¨w����²1WX�ÄGQ/��
��;P��s¤���"�20p>��40p��2¼�t+. h
�r�,�u�2�S"� 26*(24.1%), âf©v"� 17*
(15.7%), �h"�10*(9.3%), ·����"�7*(6.5%)���
�ïg%��ß>�"), ��w, \�, �xðf©v�I
���\c5¢+. hi�¶$,�YZ[L��ÄGQ/�C
©>�p��²¯)�/6��G0,�Table 5>�;�$�+. 

¬�(appearance) bs
�C%��C©����6.81À, Ê%
��C©����6.91À, ¥ �C©��6.83À���C©¨��
d�V"��2��«,�e����ïg+. <��Ãc>�
,�Ê%��C©����6.99À, ¥ �C©����6.87À, C
%��C©����6.50���Ê%��C©���2����hb�

�ïg+. o��Ãc>�,�¥ �C©���2�7.12À���
d�V������hb��ïg�Å, -.V"�²¯)>�
,�Ê%��C©���2�7.20À���d�V������h
b��ïg�Å�C%��C©���2�d�V������ü
b��ïg+. ²¯)�/6>��Ê%��/B�(�;¬��
�Ö�bs>��5.5À�2g��G0���ïg%�2,�¨�
0�¥ �K�ÄGQ/��Ú���hV�9:��YZ[��n
o>�¶��(�#�r
�e���jôE+. 2-��¬h
"(�pg���u�������¯)� \>��Ê§Já, 

Ê�D, C�%�, pÊ, ÊR1, DÈ�, �Dp, y�á, 

��, K(�²¯$,�e���/65¢�Å�2,�Ä���
¬h"L
�p�Ð�¨��Z,�%����z��x�y�Ê%
���Ù%���9:��x�J�(�²¯$,�e(��®$
´�¹� \�G0!�{O|H%�*+(Yoon HR 2005, 

Park SJ K�2012). Z�, 2-� \>��}~/X, �Y�
Ãd��t�S,�¬h"�CD?���¯)!�ü�,��"
���/%5¢,�(Chung L & Chung SJ 2008), ¹� 
\!��H�����P�CD?�ÌÍ2�ÄGQ/E�¨�0�
¥ >�pH�U1V"�x�(��ïi¢+. 2,�Q/·
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3>����t���P>��t�5,�o0�<®���
�
Ãd��Ãc2�� ��gÚ/+��C5���ï�,�G
0��jôE+. 

���45��3()�)6��789:;<=>?@�A=<B<=<>C<�

D?AAE>FG

3É�����+#�DÈC©��;/��������V�Ã
c2��¯)>�® ,��<(�ÛS/��jH�DÈC©�
����Ï6ÐÑ�G0!�cÐ�ÐÑ$´�;1cÐ0�
;2cÐ���\cE�2�~�$X>���V�Ãc(�6�
$%�2�$X>�cÐ>��H�D�1/��108*�CD?
L���¯)�À8!�,e����ïi,�¬�V��¯)�
)¤�!�8¡$�+(Fig. 4). ¬�V��¯)�)¤��G0, 

;1cÐ
�55.76%(�à*$�%, ;2cÐ
�44.24%

!�à*$�+. CD?���o(��ïi,�À
�3É���
��:>�p���¯)�ÐÑ��2Q!�ªá���3s��+
#��oÀ���¬�V��¯)�)¤�>��ï��*+. ;1

cÐ�ÐÑ��à*m2�55.76%����h
�à*m(��
ïi���2!������HÑH/X, ¥ �DÈC©���
0� ��DÈC©���>�*���CD?��¯)����
A�¶���À���j $%�*�Å, C%��DÈC©��
������CD?��¯)��M�¶���À���j $%�
*,�e����ï��*+. ���, ¹�u%>�×´��Ì
Í
�C%��DÈC©���/+�¥ �� ��DÈ�C©
��>�*�����
��¯)!��ïi%�*,�e���j
ô5Å, Table 5���¯)�ÐÑG0>�)�¥ �� ��
DÈC©������¯)�À8��C%��DÈC©�����
�¯)�À8/+�hb��ï��*+. 

��������	�

¹� \,�Ï6ÐÑ(��H���(��s��ÄGQ/�
DÈ�����kc(�)'$�%�8'�#<c�;P���
����c0���À(�âa$%?�CD?�²¯)�/6!�
u�$��Å, Ï6ÐÑ>��)'E�kcL(�27$´�
Ãc�$�!�u�$�+. ¬�, <®, o, /B����2
¼�&�$�>��ÄGQ/�C%����
��7, ;�, ¨
��<®, �%��<®, ôo, ¨��o, C%��o, ��T
A�/B��K>��hb�$�5¢+. ÄGQ/�Ê%���
�
�l87, ¨��<®, �â�<®, ôo, Ê%��o, ¨
��o, ��TA�/B���kcL��"$´�U1V"�$
�!�Ol+. ÄGQ/�¥ ���
��7, ¨��<®, ¥
 �<®, ôo, ¨��o, ¥ �o, ��TA�/B��kcL
���<(�OS�hb�$�5¢%�ÄGQ/�¥ ���
�
¥ �<®��¥ �o(�R$b�$��jH��¥ �h�(�
67$�+. ��V�Ãc��c<(�âa$%?�cÐ�Ð
Ñ(�u���G0, PC1��J��·<���ÄGQ/�Ê%

����2�R$b��ïg%�pÊ�<®�kc0�Ê%��o�
kc2�R$b��ïg+. ÄGQ/�C%����
�PC2��
���·<>��R$b��ïg�Å�kc�£�C%��o, ¨
��o, �%��<®��R��c<(�/�+. hi�YZ[�
CD?�²¯)�/6>�,����C%�>�p��<®�k
c>��6.50��h
�À8!�O�Å, �h"0���2!�
/´¢+. YZ[�CD?�²¯)�/6>��Ê%���/
B�(�;¬$%�6Àp�2g���$�5¢+. Ï6ÐÑ0�
�¯)�ÐÑ(�Gq��¬�V��¯)�)¤�!�8¡��
G0, ¥ �DÈC©���0� ��DÈC©���>�*�
��CD?��¯)����A�¶���À���j $%�*
�Å, C%��DÈC©��������CD?��¯)��M�
¶���À���j $%�*,�e����ï��*�, ¹�u
%>�×´��ÌÍ
�C%��DÈC©���/+�¥ ��
 ��DÈC©���(���²¯$,�e����ïg+. Ä
GQ/!�67��C©,�2-� \>���S���8�«¢
�Å�¹� \��G0��ÄGQ/!�27��C©�67��
¤�����¿�?:���)C2�d�e���´�#%�Z
��hi��	��������&'���c�>�)C2�d�e
���)ØE+. 
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