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GC-MS��&"#�$%&�	���� '()*+, :

He� ,<)=>� : /* : +� 4B6C : EI 01* eV2� DE
FGE, : NIST� H&�&"#� GC����I��
��

/� GC��������
GC-./&@J��'()*+,� +� +��K

�� L�� FID?@AM�����N��O� 0GL3
456,7�2 ������ +,@J�PQR���
ST�U��V� !��

GC��N��O��&"#�$%&�	���� GC

�� GL-Science GC--/-B��W���� '()*+
, : He�-./ : TC-WAX 0*./- i.d.1-* m2�-./9� :

GC����I� ,<)=>� : +/ : +� ?@A : FID.

AEDA� 0Gasser� Grosch +3222 ��� �X��
Y5Z[5E\[� .* 0]+2� .+ 0].2� ., 0]+02� .-

0]0.2� .. 0],/02� ./ 0]+,*,.2� .0 0].*302� .1 0]
+0,-2.2 ���^�^� _	�`a��
&�H�
b� GC�!"�� GC@J��cd),>T�N��
#�e� fgEh&�TiI��S�S�j$&`a

� FD factor���� %�k� ��gEhT .*� .+� .,

�&`al���N�TiI���� .-�&`a��i
I��S�!������ m&gEh��& FD factor

� .,]+0��^m��S�� FD factor�f���&
&n'��()�o*�� m&)Tp�qrH&��
�Ti+s�t��� u,
Tp�m��o*���
��

	
����

+� �������������
- + A�- + B� GC-MS��������."��

& .2gEh&�/vw�� 012x��y�����
�3�4�z�����&vw�5��&{6|����
.h>67 /}� ~>67 /}� *[�E[7 2}� 8
9�*[�E[7 -}� 5,\[7 ,}� �:;*[D
��7 3}��:;89�*[D��7 2}��7 ,}�
H&� 0}�	��s�����SN��/�� .2��
����2x<��,,�h>[� )\6��6F4/

&L=��>���
�?� 0+33.2 T� ��@��H�b�A�� ���
."�&�:�P��c\�&{6|�������v
w��� -1��T�/s����T� Bvw�L=��
&� g-decalactone, +-butanol, hexanalSr +-����
�� SN� C��.h>67���� g-decalactone&
�� d-hexadecalactone�?@�� 5��
���:
&���
!�
D�!��E������ l�� �?
� 0+33/2 Tf}FG��������vw��� ./�
�T�/s����T� Bvw������&�� ,-

tridecanone, +-pentanol, hexanalSr ++������ S
N� C��.h>67���� g-butyrolactone, d-do-

decalactone, d-tetradecalactone�?@����� ���
Boylston� 0+3302 �HB����� I�����Sr
����� ,2����/����T� .h>67�?
@��N��� Bvw������&� ,-heptanone, +

-hexanol, hexanalSr +/������ m&�^��/
s��{6|��T�S�&�� ���&����&
���������&���^� �S��� BE�T�
U�	��
�����TiI���������^"
#���� J��&K� �����¡���&��
�� �?� 0+33.� +33/2 �¢�����Y5Z[5E
\[�L�M@�������� Boylston� 0+3302 T
£=�,�E,N¤������������^�
�/s�����&O4�¥�� 0- + B2� ���
T."��& ,�$¦�P��D�� l�� ����.
"����f��&3�4����§��� +-nonanol,

+-nonen-.-ol, hexadecanol, (E,E)-,,.-octadienal, acetic

acid, benzaldehyde, phenylacetaldehyde, +,-,/-undec-

atriene& 2���."��&�TD�T� ¨	& .*�
��������&�TD�� ���� .h>67��
H&©TP��� $ª&�?� 0+33.2 &��@���
��:�P��c\��."��:�P��c\�&�
��&�y�N��
� .h>67� ~>67� *[
D��7� *[�E[7Sr -1��Q -/��l�T�
��:�P��c\�&��D�vw�S!���� �
�� Boylston� 0+3302 �HB�����*6+,}�
���y��� hexanal, ,-heptanoneSr& +1���
HB����&��D�T� trans- , -heptenal, , -

pentylfuranSr& ++���*6+,}��&��D
�!������� m&�^�����.h>67� ~
>67� *[�E[7� *[D��7SrTD�&��
«¬�:&D����&�T�&PR�®S¯TP�
�� H&vw� S¯�T���m^��®�TTU��
�°���^�

,� �����������������
- , A�- , B�����&f���&�V|�

FD factor�z��� mm�������V|&±
[E<²��z�����

HW³E 1/ �-� : .*3�.+/, ,**.

´X�µI�¶?�p·�¸¹�ºY�Z[�\»�¼]

.+*



Table + A. The relative amount of identified compounds from Wagyu

beef and imported beef

No. K.I� Identified compound Relative amount�

Wagyu beef Imported beef

Lactones

+30

,+*

,,-

,-1

,./

,*,0

,+,.

,,**

,-,1

,.-+

g-nonalactone

g-decalactone

d-decalactone

d-undecalactone

g-dodecalactone

+4./�+4..*

*4,3�*4+,

*41-�*4,.

*4-1�*4*/

tr

tr

�
tr

tr

�
subtotal ,42.,42. trtr

Ketones

+2

..

/1

0+

+/3

313

+,*0

+,3*

+-++

+2,,

diacetyl

,-heptanone

,-octanone

acetoin

,-tridecanone

240.�041*

,41,�*40+

*4,.�*4+0

.43/�.4/+

*4,*�*4*2

,4-0�*4/,*

,4*/�*4/-

*4*2**

-4.0�+4+*

*4*3�*4*1

subtotal +0.1/+0.1/ 2.*.2.*.

Alcohols

-/

/,

1*

22

30

++*

+,/

+2.

++/*

+,02

+-1,

+.1/

+.30

+/0.

+0-*

+3/*

+-butanol

+-pentanol

+-hexanol

+-heptanol

,-propyl-+-pentanol

+-octanol

+-nonanol

+-dodecanol

,41,�+40*

+14-1�24/,

-42-�*421

,42,�*4/*

*42-�*4,.

/4/0�-4-*

*4.*�*4.1

+4*3**

*430�*4,2

.403�*4,/

+4*-�*4-/

*42-�*4-/

*41.�*4/1

-4+2�*4/0

*4..�*4,0

*40+�*4*3

subtotal -.40,-.40, +,4.2+,4.2

Alcohols �unsaturated�
--

21

+,1

++*2

+.03

+0.+

+-penten---ol

1-octen-.-ol

+-nonen-.-ol

+4++�*4,,

+-4,,�-4.+

*4.2�*4+2

*40,�*4,2

,430�*43.

*4/2�*4-1

subtotal +.42++.42+ .4+0.4+0

Esters

1

1+

212

+-2+

ethylacetate

hexylpropionate

34+,�-4*3

*4+***

14,0�.4.2

tr

subtotal 34,,34,, 14,014,0

�Kovats Index.
� relative peak area of each peak when the value of the internal standard

(n-hexadecane) is regarded as +**.

* Mean�standard deviation (n�-).

** Mean (n�,).

tr ; trace amount.

� ; not determined.
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Table + B. The relative amount of identified compounds from Wagyu

beef and imported beef

No. K.I.� Identified compound Relative amount�

Wagyu beef Imported beef

Aliphatic aldehydes

,1

/2

1/

2.

+--

+/*

+2+

+32

,+0

+*12

+,3,

+-30

+./3

+012

+12,

+3+/

,*.0

,+/+

hexanal

octanal

nonanal

decanal

dodecanal

tridecanal

tetradecanal

pentadecanal

hexadecanal

/*4//�,34.3*

*4./�*4+1

.41*�/4+*

*433**

,4++�,4*/

+4./�*4+,

.4.3**

+41+�*41/

3432�/40*

04*+�-4*.*

*4+1�*4*1

*4,3�*4*3

*40-�*4+*

+42.�*421

*41/�*4.3

*4,-�*4+*

*42-�*4/.

++42/�-4-3

subtotal 10..-10..- ,,.0*,,.0*

Aliphatic aldehydes (unsaturated)

/*

2*

+*.

+,0

+-3

+.0

+/,

+0-

+,/,

+.,2

+/.+

+0.+

+1*-

+1-3

+13.

+2..

E-,-hexenal

E-,-octenal

E-,-nonenal

,-decenal

(E,E)-,,.-octadienal

,-undecenal

(E,E)-,,.-nonadienal

(E,E)-,,.-decadienal

,4/2�+4-.

,412�,4,*

+4-*�*4/,

-4-0�,4.-

+4+-�+4-+

*42-�*4+-

,4.+�+4,1

*4+3�*4+.

*40*�*4.*

*412�*4*3

*4//�*4*3

+4*2�*4/2

,4,1�+4**

*4/,�*4+-

*42,�*4-0

*4*/�*4*+

subtotal +.4/2+.4/2 04010401

Acids

3*

+1,

+.2,

+21+

acetic acid

hexanoic acid

*4,0�*4,,

.4/*�+4**

*4-2�*4-*

-4/.�/4+-

subtotal .410.410 -43--43-

Others

-.

.-

./

+*/

+-.

+3+

++--

+,+.

+,+2

+//,

+02/

+33.

ethylbenzene

d-limonene

,-pentylfuran

benzaldehyde

phenylacetaldehyde

+,-,/-undecatriene

*4+.�*4+0

.4+-�+432

*40+�*4+2

.41,�*42.

*40/�*41-

*4*2**

*4+-�*4*/

+4+*�*4+0

*4+-**

.41/�.4*/

+4/1**

*4/,�*4/-

subtotal +*.--+*.-- 2.,*2.,*

Total +2.4-. 1-4-.

�Kovats Index.
� relative peak area of each peak when the value of the internal standard

(n-hexadecane) is regarded as +**.

* Mean�standard deviation (n�-).

** Mean (n�,).

tr ; trace amount.

� ; not determined.

���	 1/ �-� : .*3�.+/, ,**.


������������������������

.+,



������� ���	
���������� �
+ A������������ !"#"� !$%� g-

nonalactone���� FD factor& +,*,.'()%�&
*� +� , A,- 	
�.�������� ��')��
��/��01�%�2*
� ��	�/�3�45&
67)'89:��-
������� ��;<�=>�*�)�?@A��
	
���BCDE�F�G���� HI�AI��

HIJKL�$:MN��OP
 +� , A,� � + A'�
+ B��������QRO����#"ST��O)
�- !$!� UV��'�W�������X:��Y
Z67"�[$1�- FD factor� hexanal2 .,*30�
hexylpropionate2 ,/0[Z$[
()%�&\]^:
��&� 	
�.$:�'��	�_`45�'�
89�")- a�:�� ���'UV���)b��%
\T���a'$:� c�Nd'eR
C1O��fg

Table , A. Odor quality and FD factor of identified compounds from Wagyu beef

No. K.I.h Identified compound Odor quality FD factor of
Wagyu beef

coconuts-like, peach-like

+30

,+*

,,-

,-1

,./

,*,0

,+,.

,,**

,-,1

,.-+

g-nonalactone

g-decalactone

d-decalactone

d-undecalactone

g-dodecalactone

coconuts-like, sweet

peach, coconuts-like

peach-like, milky

peach-like, milky

peach-like, milky

+*,.

+0

+0

.

+

fruity except coconuts-like and peach-like

..

.-

/1

1*

1+

2.

22

+*/

++*

+,/

+,0

+--

+/3

+2+

+2.

+,*0

+,+.

+,3*

+-1,

+-2+

+./3

+.1/

+//,

+/0.

+0-*

+0.+

+012

+2,,

+3+/

+3/*

,-heptanone

d-limonene

,-octanone

+-hexanol

hexylpropionate

decanal

+-heptanol

benzaldehyde

+-octanol

+-nonanol

,-decenal

dodecanal

,-tridecanone

tetradecanal

+-dodecanol

fruity

citrus, fatty

fruity, passionfruits

fruity, floral

pear-like

orange, lemongrass-like

fruity, citrus

fruity, orange, fatty

fruity, milky

fruity, floral

citrus, rose-like

lemongrass-like, rose

fruity, waxy

lemongrass-like, cardboard

fruity, fatty

+0

+0

+

+0

,/0

,/0

+

+

+0

+0

+

+0

0.

+0

+

green

,1

/*

/2

1/

2*

+*.

+/,

+0-

+1,

,+0

+*12

+,/,

+,3,

+-30

+.,2

+/.+

+13.

+2..

+21+

,+/+

hexanal

E-,-hexenal

octanal

nonanal

E-,-octenal

E-,-nonenal

(E,E)-,,.-nonadienal

(E,E)-,,.-decadienal

hexanoic acid

hexadecanal

green apple-like, floral

green, aldehydic, herbal

green, citrus

pine-like

green, citrus, fatty

green, citrus, fatty

green, metalic

green, metalic

green, fatty

green, strawberry, apricot

.*30

.

+0

0.

+0

,/0

,/0

+0

+0

.

hKovats Index.
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Table , B. Odor quality and FD factor of identified compounds from Wagyu beef

No. K.I.¯ Identified compound Odor quality FD factor of
Wagyu beef

butter-like, fatty

+2

-.

0+

21

+32

313

++--

+-++

+.03

,*.0

diacetyl

ethylbenzene

acetoin

1-octen-.-ol

pentadecanal

butter-like, fermented

sweet fatty corn cream

butter-like, fatty

corn creamy, milky, oily

sweet fatty

,/0

+

,/0

�
.

others

1

--

-/

./

/,

3*

30

+,1

+-.

+-3

+.0

+/*

+3+

212

++*2

++/*

+,+2

+,02

+.2,

+.30

+0.+

+02/

+1*-

+1-3

+12,

+33.

ethylacetate

+-penten---ol

+-butanol

,-pentylfuran

+-pentanol

acetic acid

,-propyl-+-pentanol

+-nonen-.-ol

phenylacetaldehyde

(E,E)-,,.-octadienal

,-undecenal

tridecanal

+,-,/-undecatriene

rum

mushroom-like

alcoholic

petrolium-like, oxidized fat

coumarin-like

sour

alcoholic

cardboard

rose-like

rubbery

withered rose-like

solvent-like

violet, seaweed-like

+

.

.

+0

+0

,/0

�
+0

+0

.

,/0

+

+0

¯Kovats Index.

� : not determined.

«¬� 1/ �-� : .*3�.+/, ,**.

°±�²��³��Q´�µ¶�·��¸��¹º�»¼

.+.



����������	
���������������
������� +33/� ������ !"#$%&'()
*+,-./0���"#�12$345*� 6�789
:;< 00 : ,1.�,2,.

Matsuishi M, Fujimori M, Okitani, A. ,**+. Wagyu beef aroma in

Wagyu (Japanese Black Cattle) beef preferred by the Japa-

nese over imported beef. Animal Science Journal, 1, : .32�

/*..

Nickerson GB, Likens ST. +300. Gas chromatographic evidence

for the occurrence of hop oil components in beer. Journal of

chromatography, ,+ : +�/.

=>?@6�A�BCDEFGHI� +332� JKLA�BCM
NOP;Q< R .*S : 01�2*.

Aroma Components of Wagyu Beef and Imported Beef

Masanori MATSUISHI, Junichi KUME+, Yuki ITOU+, Michinaga TAKAHASHI+, Masayoshi ARAI+,

Hiroshi NAGATOMI+, Kana WATANABE+, Fumitaka HAYASE+ and Akihiro OKITANI

Faculty of Applied Life Science, Nippon Veterinary and Animal Science University,

Musashino-shi +2*�20*,, Japan
+ Faculty of Agriculture, Meiji University, tama-ku, Kawasaki-shi ,+.�2/1+, Japan

Corresponding : Masanori MATSUISHI (fax : �2+ (*) .,,�/+�332., e-mail : matmasTnvau.ac.jp)

In order to clarify aroma components contributing to Wagyu beef aroma, which is specific to Wagyu

(Japanese Black cattle) beef and a preferable, sweet and fatty aroma, volatile fractions were obtained by

simultaneous distillation/extraction from Wagyu beef and imported Australian beef. The volatile fractions

were subjected to the analysis by gas chromatography, gas chromatography-mass spectrometry and gas

chromatography-sni$ng. The analysis by gas chromatography-mass spectrometry resulted in the detection

and identification of forty-eight components in both beef, which were five lactones, five ketones, eight

alcohols, three unsaturated alcohols, two esters, nine aliphatic aldehydes, eight aliphatic unsaturated

aldehydes, two acids and eight other components. Among these forty components were detected in large

amount in Wagyu beef than in imported beef. Especially, the Wagyu beef/imported beef ratios of lactones

were remarkably large. The FD factors (flavor dilution factor) indicating contribution rate of the identified

components to whole aroma were determined by AEDA (Aroma Extract Dilution Analysis). The contribution

of each component to Wagyu beef aroma was estimated on the basis of the FD factor and the odor quality.

The result demonstrated that lactones with coconuts-like and peach-like aroma would contribute to the part

of the sweet sensation of Wagyu beef aroma, while alcohols and aldehydes with fatty aroma and diacetyl and

acetoin with butter-like aroma would contribute to the part of the fatty sensation of Wagyu beef aroma.

Nihon Chikusan Gakkaiho, 1/ (-) : .*3�.+/, ,**.

Key words : Wagyu beef aroma, Lactone, Meat flavor, Japanese Black cattle
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