
�

�

�� �

�

�

�

� �

�

�

�

�

� �

�

� � ��	 
 � 
 � � 

�


 � ���

 � ���

� ��

� � � � �
� � �

� � � � �

�
� �

�
� �

� � � �
�

� � �
�

� � � �
� � �

�
� �

� � � �
�

� � �
� � �

�
� � � �� � ��
� � � � � �

� � � � �
� � � �

� �
� �

�
� � �

� �
�

� � � �
� � � ��

�
� � � � � �

� � � � � � ��
� �

��
� � � �� �

� � � �� �� � ���
�� � �� ��

� � �� ��
� � �� �� �
� � � �� �

� �� � � �
�� � �

� ��
� �

�
�

�� !"#$%&%'#() * +
,-.(!/ 012 3�45+,

67  �� * 8 9: �

;<=#>

8 ?@ABCD EF:9A �	0
 �
G H G I JK G L M N 

OPLNAQ DRA
SH 3TUV8W X: �45+,Y 3L

Z [ � [\ [;<] 
 � G L^A 0Q 8_ X`
Z [ � [\ a[;<] �45+,H * 0b cde M f` ghi

*ce 3CX:j kF:9A 3cRA

� H LlmkF`  noj

0 8 9`
� H pq r sX K t

8 X`u
t c

� 
 � 8 X` vFwF0K
0
 � H �� xE0 Uc yX

` BFEH z{ L^|
: CX: }X` BBc H �
L X: vFwF 8 X HvFwF
0K 0 � cRA
�� H cH 0~14 0s c
H � � H � �g cRA
�K 0
 � 0��*T0 �H YK
� 8 9 �UD_�kF`
� �r_ L 0 � �8 9: +
*T0 �8o|`

�45+,0 � 
 � H  
�� * cvFwF 0 8�X
vFwFYK � c �UD_�kF`

� BFE0
H K 
 � G L^|: �45+,0
 8 c�AQ 8��X:9A�	0 OPH �0 0
 
 0�
�45+,0 
 � H * � �0� ��LC|:e� cRA
� U D  C� L L��M � D� kF �	0 

�� ^7e �L�9 8�X`3  N�0 �D� �EF` ][ ��
vFwF  C�� 0 TLHL��9` OPe� kF:�7 3L�9:H

�UD_�kFNx|` 0  HG D¡ skF:9A XxX Y 30 
� 0 �s cR7 B0 H 8�L�9:H G cH ¢c�N9
@ � 0 �s C 0 0£9HvBc ¤ H 
 � G L X`
0 � s¥ L�9: � D¦BA`§L ¨L��A � N�0
 � H
A L^A �s 0©7ª«H 0 sD X`¬ ­I ® ¯ 0£9C9|` °±²
L�³@A�´coyFAD �´0� H D
c�A µL^|:¶·kFA 0 ¸
C 0 LH 0 ¹DRABCD SkF

� � �� º � »Y ¼½ »

� �

�� �� �	 
� �� �	 �
�� �	

� �
 ���
� �
 ���

���

�
�

�� � � � �� 
�

� � �� �	
� � ��� � � �  !
"#$ %&
�' � ( �

�� � � ) � �� �	 � "#$ %& *
�� � � ) + ,-. /

012� 3 �

� 4 �� 3�

5� �
� 6 7 89 �:�

;� �:�

�� 
� � �� �	 <�
� �� �	 � � =:> ?

@ ? �� 
� �
A ?
� � �	 �
� �� B C D 
�
� 
� � � E F
� �� �	 	 GH:

:� �  
I � / 	 � J

	

�� 
� � �� �	 ��
� K :L M M

GH: :�  
��


� �
M N � �� �	 � N
" #$ %&"#$ OP Q R S

�� �� �	 � ET N �! U 4
@ � > ��� V ? WX Y

 @ M" � 4 ? Z, 2
��  #$ [ �

\] �� �� � � � "
^ J �� _X#$ � A
� ^ J �� \]`a \]�� �	 � bc \]`
� � _ � �:$ Na �� 
� � �� �	 \]
\] J �� \] � de� f X X N

g \] e�
F:h \] Fe� i

\]`a Y j '

klmN ^ no pq r

�����

�

�

��	
��


����	
���

�������	
��
�������
���������

� �
� �

�
�

�
�

������������

� �

�

� �

�

*
Corresponding author akamatsu@tmu.ac.jp

48250
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topes, oxygen stable isotopes

:

Despite numerous problems with mislabeling of geo-

graphical origin of rice, scientific methods for tracing the

origin of production are still lacking. In this study, we

report that stable isotope analysis utilizing carbon, nitro-

gen, and oxygen is useful for tracing the geographical

origin for rice grown in Japan, Australia, and the USA.

Our results show that the average stable isotope ratios of

Japanese rice were lower than those of Australia and the

USA for carbon and nitrogen, respectively, and lowest

among the three countries for oxygen. Stable isotope

analysis will be a powerful tool for tracing the geograph-

ical origin of rice among countries when complemented

with DNA and multi-element analyses.
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