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The e ects of position on the plant, ripening stage and water stress due to root-zone restriction on the

quality and radical scavenging activity of tomato was investigated. The fresh weight of tomato fruit

decreased due to root-zone restriction. Brix values and glucose, fructose and reduced ascorbic acid contents

tended to increase gradually with progressive ripening stage and cluster order, and were higher in

water-stressed than control fruit. The reducing sugar content of tomato pulp was greater than that of jelly,

while the reduced ascorbic acid content of jelly was greater than that of pulp. Nitrogen content tended to

decrease gradually with progressive ripening stage and increase with progressive cluster order, and was

higher in the pulp of control than water-stressed fruit. Acidity tended to decrease gradually with

progressive ripening stage. Radical scavenging activity of tomato fruit tended to increase gradually with

progressive ripening stage and cluster order, was higher in jelly than pulp, and was higher in water-stressed

than control fruit. In addition, the activity of a sample obtained from a market was lower than that of both

control and water-stressed tomato. (Received Aug. , ; Accepted Dec. , )

Brix

Nippon Shokuhin Kagaku Kogaku Kaishi Vol. , No. , ( )

: :

Naoko Terasawa , Nozomi Imai, Minami Nosaka and Yukio Kujira

E ects of Position on the Plant, Ripening Stage and Water Stress Due to Root-zone

Restriction on the Quality and Radical Scavenging Activity of Tomato

Keywords

3,* ++3,

+

/ 0

1

1

1 +*

, -

.

3,* ++3,

#

,1 ,**1 ,, ,**1

,

// - +*3 ++0 ,**2

2

2 -

#

+



�

�

� �

� � � � � �
� � �

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

� � � �� � ��
� �� � � � ��

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

� � � �
� � �
� � � �

�� � � �
�  � �� � � �

� � �
� � �

�
� � � �

� �� � � �
� � � � � �

� � �
�  � ��

�
� � � �

�
� � �

� � �
� � �

� � � �
� �

� �� � �
� � � � �

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

� � �
	 
 	 
 �

� � �
� �� �� � ��� �

�
� 

� � 
� 


� � �

� �
� � � �

� � � � � �

�� � � �� � � ��

����� �  

! � " # �$%&'()* + ,-./�012345*0 � 6�
�78�9:� ; -<=� >� � �? �@A � -<=� B!78�CD

! E�F�=G323� ; H<FIGJ KC�� LMN
O P� Q R -<=� - RS TI7 LMNU V WX3%3
Y- S C�� Z' [ \

S�! �K� ] L'^_ ` a b c_d 4&e ;
] f g hiMj3 " kl 0123mn0 � C�Go'p&
MqoZ&_ r� f - �� >� * s'03&* JtIu v w - J
- . �xy�z � � G[ - � >I-uC�{ - �� |}

~L� � � �01 !� �� � � ��
�&* � �� �n3oW� L%� @AyW*p'$_ { �
/ - IGz - � - ��K ��? �eZ_ ,-�
� � >>� E��323 - ��  �G+ C�� >I- � � 6�

 �/ ED�� - �<=� ;, s�n0*dM* CZs�030�_3W*p
� '$_ �*3 - JG �� |}!�

RS�! �C � �� - . �� � � ��
�xy�z � - J� � { �

��~L� - IGz - � � � - ��K ��? -��G+
� >>� �C �323 - � -�O�9 C�� >I- � � 6� s�n0*d
:� � =�  P�  �/ M* CZs�030�_3 ji_�*3
ED�� � ;, � - �<= - JG �� |}!� �� �
� ./� � �9K � � ! - � ��
��� f { �
��323! G012'(���- JG -< � - ��K ��? -��G+

J JtIu �� H �/I� C�� >I- � � 6� r�
3Z)N ,� �G { -��� |}!0�_

C�O323! G� � ��
S�!323 � } �/ P� M�L' ��

RS�!323 � �H .I��� } � �   , -��G
�/ TI¡I �.! ¢H} � H �u� 7 � � E� �� >I- �£
¤¥ � ¦H�=G!JOH§e ¨! �u� ��? � � 6� ©ª � ,C�
+ �!>� «� ¬.IO � J �} � >� , C�e�&' �
H r��u� - �� >I/� - 7 e�&' , - ®¯ � � ?
8 ° 78 ¬° ? C ?� �±w -<=�

78 6 ° 78 �e�&' ,� FK��e�&'-���u
C�� !JtIu �t²C�� �3 �- qM_0 ,� FK�   ,-�

23u � �u�C� ³ �*&m& ��u�-p_31&'C�� ! �<J M�
�/ ; � �´Ju�-TI¡I L' �� !78� � =G ��
�t²µ �� �²JG! �¶=� >

M�L' ��
I/� ! - � §e- K JG} Ch
Z& � · } ! � ¸�G ¹�¶O - p_31&' ?�±w
� �+� ºG � J� P�hZ& ! - ?�±w
�� qM_0 ?�±w

p_31&' ?�±w
D9»@A { � P� w �²JG CM�L' �

� - ��K ��? -��G+ � �¼½-[ � � >I- JG� �M�L
C�� >I- � � 6� ,� ' �� - �� �G �� |}!�
-a b y - JG �� �� � � ��

��� � �� � 	 
�� �

���� � � � � �

� � �� �� � �� � � �
� �  !"#$ %& ' () *
+ � � #$

, - #$ ./ - 01 2 3�
45 6 78 9 �

45 ./ � � : �  ; 01 01 <=
� > ?@ A B 01 ' 
�

CD EF �"G F H" I
%& J K+ L M �N OP �� �9

Q� R : ST �� � 	 
�� �
U V W �� XY
'Z [ L%& \ �� ]^ _ W`

a b Yc Yd2 �e �
� fg h iQ �
Q j W I XY �
- k lm no ./ J + � � 	 
�� �
K L pqr s k k tW �� XY

Q� [ L%& \ a �� ]^ _ uv6 Yd2
k lm b Yc w �e �

pqr x � fg h tW
iQ lk � Q I XY �� � 	

yz {| } iQ j 
�� �
~ j �YW � XY
k � I �: �� ]^ _ uv6 Yd2

�� P � �e � 6W
` �Y W � W

�� � �f ��
45 y � � � � - � �XY

y � �- � � � �� �W �
� �( � � �� k 6�f ( � �6�f

�� � � �� � �e � � � ��
�� � � �� d �� ��

  ¡ �� �� ` � f E¢ E¢£ (
�¤ � ( 2XY

¤ ` ¥
�� �¦ � �� ¥ �W �

l§2 ¨�2 ©�� XY ª
« � G¬#$  ®� � � ¯ ° �9

[ B± �� p²
� �

�� ³� XY � ´  
µ (   ¶ ( 4 · ¸ ( 2

¹ E () I µ �� �� ( 2
() � ( 2

( 2
'2 ' �� XY F H" d2 �
�� ]^ _ uv6 Yd2 � �N ® I ��

�e � � '2 � � d2 � ® �
;'2 I XY � � 	 
�� �

�

�

� �

����

�

�

�

�

�

�

�

�

�

�

30110

. m

HPLC

: Shim-pack CLC-NH . mm i.d.

mm : :

: : . ml min : RID- A

a : : LC- A :

. kg, C R A

kg, kg

cm cm

kg kg kg

kg kg

kg ml kg a

cm No. RQ

Merck

N : P : K . : . : . . L a Merck

cm cm

kg a

No. RQ

Merck

: . L a Merck

NPK

N : P : K . : . : . g

No. . mol l

g . M pH . ml

No.

ml ml . mM DPPH

ml

green mature stage GM nm . mM

pink stage PK red ripe stage DPPH

RR . M

A B C D

A

B

C

D

Trolox

No. Brix Trolox

ATAGO PR-

,

2

-

// - ,**2 -

,**0 * ./

+/ 0 *

+/* .*

2* ,* + , 0

+* 3

01 - 3* /

3*

/* 0* +2

1/ /* /* -

.* ,/

,/ ,** .** +* /

./ . ,+ ,

0 + -

0 * 2 * . * 0 , +*

+/ -

.* /*

,** +*

,

. ,+ 0 +

0 , +* , -

-

2 * 2 * 2 * +-

, * +

, . 0

, - / * + / / ./

3* /

,

, , * /

+ *

-* /+1 * /

- * +

- -

+
+**

2 . *

-*

-*

-*

,

+ -

,

-

�

�

�

�

�

�

�

�

�

�



�

� �

���� �� 	
� ���

�� ��� � � �
� � �
� � �

� � �
� � � �
� � �

� � �
� � � �
� � � �

�� ��� � � � � �
� � �

� � �
� � �

�����
�� � � � �

� � �

 !"#$%&'� ()*+,-.�/012
3*+4 � 5*+4

� �

����

�6 �� ��� � � �
� � �
� � �

�� ��� � � �
� � �

�� � � � �

789 �� ��� � � �
� � �
� � �

�� ��� � � �
� � �

�� � � � �

: � ;<=�>?@0
 !"#$%&'� ()*+,-.�/0,1ABCDEF
�3*+� 4 5*+� 4 �

� �

�
�

� � �G
G � G �
� �

� G
G �
G �

G G

�
G �

� G

� �G
�

G
�

H �
�

G
�

H � � � ��
� � � �

� G �
G

� G

IJ K &L&,MN.OPFAQRST

U!V9WXYZ"![&9W\��C]. �6^'
��,_`.abcde3fghie 789^'jkF

lm&L&'nf op,qDrAe st,�� Auv.1hi w xi����,yz.ah{jk
�^' ,nf^q,|}e~�f�A �,i�� FAuv]���ie �/0'�����ghi )�
��,&L&�'���.��{|�e�� ���,� ���\��'���Y2���,�e��uv.12
��	
�.'���,��' �� ��' � f�.789Y2�6,�e��uv.1hi ���&
�^1hi xi� ���y^'��,�}'oC�p L&,U!V9WC"![&9W, ¡�.¢�{' £
����ghi )� ���.X�{]� ��^'�
�,¤5¥�e���i Q�,��Dw .E¦i
���.��{���,&L&'��e3f�uv.1
2 � ��, C .X�{'�/�0e����
i xi��, C��AC ���,� ��XYZ
���,� � ��, '�/.3fghi

��'��,_`.a�jkFAuv.1hi w
xi����,yz.ah{jkFAuv]���ie
�/0'�����ghi
���C���,��D�§FAC �6^'���

,� � ��,;<e��¨�© ^
1A,.�¦ ���^'(ª.� C� ��,;<e
��¨�© C ^ ���ghi ���&L&
,��.¢�{' £«���XYZ¬���^��¨�

®� £«��� ���^��¨�
��� ¯��^��¨� �p,°

±e12 st,²�Co³(ª^1hi )� ��&
L&,��'���C(��^1hi xi�6C789
,-.' �´�]�/�0'�����ghi

� �������	 
�����������

������

� ������	����
�� !�"����#	�$!

%

%

%

&'#()�
� * + 


� ,

# 	

�

�

�

�

�

�

�

�

�

�

31 111

a

B

C

d

ae

Bf

G

CeG

dF

k a

ab

C bC

d d e

f fGhk Gi

hj ei

j

GM

PK

RR

GM

PK

RR

GM

PK

RR

PK

RR

PK

RR

PK

RR

Brix

GM PK RR

n

p ; p

:

cm

cm

PK RR

PK

PK

PK, RR . .

. . .

. . .

. . . .

3

+* ++

, 0 -* ,-3 +,4-

0 ,- +33 ,+41

1 / ,,+ 14+

. 1 +, +2* ,/4*

1 +, +. +2/ +/4/

1 +3 +30 ,04/

0 2 - +,/ .24/

2 + - 20 +14-

2 + - ++* -*43

, 0 ,- ,2 -* +*0 -,42

1 1 +-, +/4,

- 1 / +,. +04/

1 +, +-* -+40

0 ,3 +3- +*4-

1 ,+ +3+ ,04*

*4*/ *4*+

, /4* *4+1 /4, *4*0 /4/ *4.*

. .42 *4-2 /4, *4+1 /4, *4+1

0 /4- *4,+ /4/ *420 /41 *401

, 04, *43- 04. +4+1

- 043 +40+ 14- *43-

/4* *4+* /4/ *4*0

, .43 *4,+ /42 *4/* /4. *4..

. .43 *4,3 /4/ *4*0 /4+ *4+*

0 /4. *4-, /4/ *4.* 04* *4-/

, 04- *4/2 04. *43/

- 14/ +4*1 141 +4+0

/4- *4.* 04, *4/1

-

*4*/ *4*+

0* -

+/

0 , - + ,

.

0

+

,

0

, -

,

, 0 / - / /

, -

0 0 0 3 + /

0 . 0 0 / 1

0 + . 3 . / / *

+

,

-

+

,

� �



�

�

� � � �

����

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

	
 �� � � � � � �
� � � � � �

�� � � � � � � �

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

	
 �� � � � � � �
� � � � � �

�� � � � � � � �

� � ��������
 �  !"#$%&'()� *+,+-./0!12	3�!456789: �;/0� < =/0� < �

>?@"AB#CDEF � �

����

�� 	
 �� � � �
� � �
� � �

	
 �� � � �
� � �

�� � � � �

��� 	
 �� � � �
� � �
� � �

	
 �� � � �
� � �

�� � � � �

� � ��������
"#$%&'()� -./0!12	3�!456789:
�;/0� < =/0� < �

GH��IJKL��M*+,+N N

� �

� � � �O
� �

O � � � �
G

� � � �O � G
O

� �
O �

O
�

� �

PQIJK��M*+,+ 7RST+U

V ��!"AB#CDEW	F!��X*+,+ I

YZ[\]^_^`a V b V c d e

!fX	32ghij k Tl2k2)9mUnon
X "AB#CDEW	F)����!pq2riUst

n5 Zuv2InUw ��!x#B�A7$#y(� :5z{X|l+ �� ��M) 7w
A!}~F)�� 7 !V V ��!��X 2*+,+V ��J�V ��!fX	32ghij
*+,+ ��M)-�2V 7V �� 	3�� �j ��M)�� 7 !V
!��X*+,+ 7 M��!fXghij
��(�(!>?�W	F) ��IJK���� JK ��M)-�2V 7V ��!
7=�ohij ��X*+,+ IJK M ��J�

w��!fXgnz{24ij
>?@"AB#CDEW	F)��!��2rnst: �j��7���M) ���!fX"AB#CDEW
5z{24� ��M)-.���M�U J� 	FXg� -.���M)�7��!��2InU�

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

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

* #$%&���'()� !

�

�

�

�

�

�

�

�

� �
� �

�

� � �
� �

�

32112

Q A ef a

R bC bghT L Bm

S d ij c

egi

ACdK fhj aBcd

KL L e de

mQ mo Fg Fi g

NR p NT HL Hjkm

S

j

op i k

A AfG

B C BCj

d hi dK

eh efl

GM

i jKlM

Tu

nO nP OPV

q r qrW

s sTY

x uz

x VWYz

Glc g g Frc g g

GM PK RR GM PK RR

n

Glc Frc p ; p

mg g

GM PK RR

n

p ; p

. .

. .

.

GM PK RR

PK RR

. . PK RR

. .

. mg g

. . mg g

GM RR

3

+*

+** +**

, +4/+ *4,/ +4,, *4+. +4/0 *4,+ +4,/ *4,+ +4+3 *4+. +4/+ *4-+

. +4/+ *4+0 +4.1 *4*. +40/ *4*2 +4-- *4+* +4., *4+- +4.- *4*,

0 +4.. *4*2 +4/0 *4-. +40/ *4+0 +4-2 *4*1 +4/- *4,2 +4/, *4+,

, ,4.- *43- ,4/0 *4.+ ,4,1 *41, +42- *4..

- ,4/0 *4-/ -4*2 *41+ +4/2 *412 ,4/3 *4.-

+4-* *4+. +43, *4+3 +4,+ *4*2 +4.3 *4+*

, *42- *4*. *433 *4*3 +4,, *4-* *433 *4*- +4+3 *4*1 +4.1 *4,1

. *42+ *4+. +4+3 *4,. +4-- *4*2 *43, *4+* +4-- *4,. +4-* *4*/

0 *432 *4++ +4,3 *4+3 ,4*. *412 +4+0 *4+, +4-3 *4+- ,4*1 *400

, +4,2 *4-* ,4+. *4/1 +4/+ *4,/ ,4*- *4.*

- +430 *4., ,4+3 *4/0 +410 *4,1 ,4*0 *4.+

+4,- *4,3 +42* *4.- +4./ *4+3 +4// *4,.

-

*4*/ *4*+

+**

, +.4- *43+ +040 ,4+* +34, *422

. +140 +4-, +24- *41* ,,42 +4*2

0 ,*4* ,43- ,-4. +4-, ,/4. +4.1

, +241 +4.3 ,-4. +4/*

- ,+43 -4-2 ,042 ,403

+24* *401 +242 +4,1

, ,,4/ +4*1 ,04+ ,4/3 ,/4/ +4/2

. ,/4. *431 ,14. *4/2 -,4, *42/

0 ,.4+ .40+ ,24- +40, --40 +413

, ,24. +4-+ -/4- ,411

- -+4+ ,410 --41 -41-

,04- *4/, ,/4- *4/+

-

*4*/ *4*+

. / / . *

/ 1 . .

0 +3 .

// - ,**2 -

.

, 0 , 0

, 2 - + , - / ,

. . / *

,, / +** , -

,* - ,/ + +**

-

.

.

� �

�

�
�



�

�

��� � �

��	


�� � ��� � � �
� � �
� � �

� ��� � � �
� � �

�� � � � �

��� � ��� � � �
� � �
� � �

� ��� � � �
� � �

�� � � � �

� � ����� !"
#$%&'()*� +,-./01�2"/3456789
�:-.� ; <-.� ; �

=>�?� � �

��	


�� � ��� � � �
� � �
� � �

� ��� � � �
� � �

�� � � � �

��� � ��� � � �
� � �
� � �

� ��� � � �
� � �

�� � � � �

� � ����� !"
#$%&'()*� +,-./01�2"/3456789
�:-.� ; <-.� ; �

@

�

� �

� �
)A)/��?��1BCD* EF/G

HI34I JKLM*��MN OP6QRST

� �

� � �U � �
�U �

� U
�

U � U
U � � �

� � U
� �

U �
� � �U

��/VI�21WRST X1*8YDCEC �2Z 

��1[CD\ /] 6] ��0M�21^_YT

6\1 ��� ] ��/ 7`abD/
cd�21QRST X1*8YDCEC �2Z 

X eT ��M*���/VI���cd\��?�

fg h )A)/ij1kl94mnop

�2Z ��qr/��?��* ��M*

��?��*st/uv1wCxy94z{13ST eT��6���/��?��/"1BCD* ,>/z
{*|}~ERST

�IWCz{13ST ,V X1*8YDCECI �
��*��	
/��1wSD^_94z{I|}~ �
��/��M*bD/ 1[CD�~�~]
��cd] ��/VI�21WRST eT���/ �?�*st/uv1wCxy94z{13d �1�

��M�/z{I��M3ST X eT��} *�

� ������	
��������
�������������

� ������	
��������
�������������

 

 

�����

�����

�

�

�

�

�

�

�

�

�

�

�
� �

33 113

aH aLm

BC BDi CDN

EF EJk FOP

gHiJ gLO

k mNP

Q Q

RS Rw SXY

t tu uz

V V

Xz

w Y

A Ac

B B

c

d d

e FQ eFnS

gH gr HOS

i iJlmQr Jp

l

km knOp

mg g

GM PK RR

n

p ; p

mg g

GM PK RR

n

p ; p

ppm

ppm

RR

RR RR PK, RR

:

PK

GM PK RR

+,

1

+**

, +430 *4,+ ,4++ *4,- +40* *4+-

. ,4/* *4,- +401 *4*3 *40- *4**

0 .4+* *4+1 ,42/ *4,+ ,431 *4+*

, +4., *4*/ *41/ *4,1

- +430 *4-/ +432 *4+1

+4*- *4** *4/* *4*0

, +4// *4*0 *4-/ *4*0 *4+1 *4,+

. +4+2 *4+/ +41* *4,* +4+- *4,*

0 -43- *4,- +41* *412 ,433 +4.-

, +4-. ,4-- +400 *4*2

- ,4,3 +4*/ +4.1 *4*2

+4.3 *4+0 +4,3 *4*2

-

*4*/ *4*+

+**

, -+. -/41 ,0, .,4/ ,*1 +140

. ,32 ,4, -** 0.40 +3, ,043

0 ,-* 014* ,*, .,4- ,,* -+4*

, -,. +*, +1* ,14,

- -1. +-- +11 -42

,-3 ,.41 -+/ -*4*

, +*3* -+- 0*0 +,4, --- /4/

. 20. 1/4* /-+ +.* .*- ,/4.

0 0*, +1- ,+* +04* .** ./4.

, /,2 +2. ,2, +*.

- 03. ,*- ,0, ,34-

/+/ ,.4, +20 +14-

-

*4*/ *4*+

// +.,

,*

, -

,

/

/

/

/

, 0

0

/

0

/

0

�

�



�

�

�

�

�

�

� �� �

� �

�

� �

�����	
� � �

 �

 � ��� � � �
� � �
� � �

� ��� � � �
� � �

� � � � �

� � � � � �
���� !"#� $ %&'( )�&*+,-./0
�1 %� 2 3 %� 2 �

$ 45678 9 #: &;<456
�&=>( ?@AB0+CD(*?EF  G#H&�
#1IJ  & 45678 9 # & KG
L M - G*+,-F NO(P?E 

� �

� � � � �
� � �

Q �
�

� �
Q �

� Q
� �

Q �
� �

Q �
Q Q

� �
� � � � �

� �
� �Q Q

�
� �

� �
� �Q � Q

� Q
� �Q � �
� � �

Q � � Q �
� � �
� �

Q
Q �

� Q �
Q

Q
�

Q �
Q R �

G#���& FSTCD(*?E UVWL &C

X YZ[Z\] ^ _ `

a "b"(cT@  G#d *Ee E f g& h 'h Pi j"kj# l&
G*?EF  G# -Pe =� mn M �oPn& .Sp+,-F Nq@T+F ,q
o9 FrstE- ut@T+ vwG#���(4 #l i &rs(5+ xy- i j"kj(5
T@  UVW-L( - G �&=>( +z &{| �( }f ~� & ��& �-&�
}o9 &rsF�NqEF ��� 456��� � � -T�q@4e ��"b". �i ��tE
G#AB*+T#3�PO?E �G# � &� �F���5e SO?E-
�E���  & - &o9 #  uIq@T+ vw(4T@L���G 4567
& �FHq�q 456 ���# 8 9 FSJ �J&�<vw u- &�F
( -  & �FHq�q 456 NqE IN(  5el&��+i j"kj
G*e G#���& Fo9 FSO?EF �'F JP+  & F &=>F tO?E-

& u L�Nq vwG#,q(cT@L &�
DG*?E . E
�E -UVWG# UVW& Fo9 FSTCD
(*e ( G#���  ��
�  G )(UVW& FSO?E (#/t@
TPT )i� &
� "b"&o9 #  G# F�&�@& =>( } &AB#���&IqM0I(5+-��N
5e )(SJ UVWG#�(� F��� q+F H&5}PCDF�NqPT �L*?E-&
 & .�J�@& 5e )( O?E ( u M "b"& # $ GL ~�FOPe3¡
#/t@TPT )i� T-& u L*e ¢& tIL/£Iq@T+

78¤�j¥�¦§o9 &�#78 9 -
�����	
�#: &;<( TAB0+CD( : &;<456 �&=>( TABtE "

*?E $  �&=>( ?@AB0+C b"&�j¥�¦§o9 # ¨�G#AB
DL�Nq (��� - GH&CDF© G 0+F H&ª#rsCD(*+-& uL«Nq+ F
*?E �E ��� - &�����	
� " vw(4T@#¬:��GABCD(*?E ,q#
!®j� #  & �FHq�q �j¥�¦§o#¯�¥WjON°�®"±�®"§.²
456 ���G# ( -  t��Iq+Ep H&9 # 9 -³&�´

& �FHq�q 456 -���& F F*+-T}µ u -$ tE�G*?E �E
STCD(*?E �j¥�¦§oL - ���G�J ,qL xy
� "b"&�����	
�# ( F�& (5+L&G*+-��Nq+ tOtH&$ G
5eL O?E i j"kj(5+¶·.��PT �L*+-& uL

«Nq+
� � G# - &78¤�j¥�¦§o9

"b"¸ (4�+i j"kj#l& 3. �0 #m¹ G*?E ,&,-ON º=G»:I¼E
+Epl F1IJP+,-F�O?@T+ � "b"G#�j¥�¦§o #½ (AB0+F ª

��

� �

�

�

� � 	 

� � �

� �

 �� � �� � ��
� �
� �� � �� �
��� �

 ��

�� � � � �

� � � � � � � � �
� � � � ��  

� ! � " � � �
� �� # $ � � % & '

� � � ( ) �
* � + !

� � � � � ��
� � � � �� ! �� ,
� � � � � � � �

 � - � �  �� .
! � ��
,

�  �
/ � � � �

� � �  0
� �

� � � � �
� � � � !
� � 1 0 �� � �

� ! 2 3
�� � �� �

� � � � �� �
0  �� � �� 4

/ . !
�

5� � � � �
�� � � � 6 �� � ��

�  ! 7
� �� �

� / 
1 � � !

� * �
8 � 9 $ � �:
;� � <

� ������	
��������
�������������� �

! ��������

" #

�

�

�

�
�

�

�

� �

�

�

34114

aB aCHIU BClw

D EJKV DEm

FG FOUV Gpw

HJQ s

IKR lmt

nOQR npst

Trolox mg g

GM PK RR

n

p ; p

GM

PK RR

RR

L

g g

GM PK

RR

PK RR

mg g

mg

g PK

RR

RR RR

RR

RR RR

PK RR

PK RR

mg g

mg g

RR RR

PK RR

+-

2

+.

+/

,

+0

, +1 +3

+* +-

+*

2 +*

+**

, +-4- -43 ,14. .4, ./4/ -41

. +141 141 ,341 -4, ./43 -42

0 +14, /4- 0*42 042 0*4, 24-

, //4- +4. /-4. .42

- 0*4/ 04, 1,41 +.

,.4* .4* -/41 /4-

-

*4*/ *4*+

// - ,**2 -

+ + +* +/

- 1 +*

-

, 0

,// ,*1 +**

, - -.3 +1- +

+** -

, . 0

-

/

,

/

1 1* 3*

, 0

-3 /+ +** , -

/2 0- +**

1

1

�

�
�

�
�



� � �

�

�

�

�

� �

� �

�

�

� �

� �
� � �

�
� � �

� �
� � �

� � �
� � � �

� �
� � �

�
� �

� � � �
� �

� �
� � �

� �
� �

� � �
� �

�
� � � �

�
� �

� � � � �
� �

� �
� �

� � �
� � �

� � � �
� �

� � � �
� � � � � �

� � � �
� �

� �
� � � �

� �
� � � �

� �
� �
� � �

� � �
� �

� �

�	
������ �� ������ �����

�  ! � "#$%&'() *

+,-�.�/� #�'������ �01 #2�3�4 #���56 78� ,-'�
�9:;<=1>:�?@,A� B)C�D����E=1 F6 GH�:>I J
K� ������L � � �L �� M � �L � NO M �� �� #C1P
1 Q#RE&':1SA' �B TU/��� V#�W X# ����/� 1YZ#[�� K
���L ������� � � �\] � ������L �J M � #C1P�
� ���>:�^_:`abA' H�Hcd  ! ���:.# NO � �� 1YZ#[��
 �5�������L : �L �e#� f >��g#J M ����#L ,A'�C�D�
�=��� >A#h1P� ijk�# HP ����� � 1�� 2�3�4 #�'���l
6 mH� Q n � ��W � # g.�:`abA'

=��� �5/� o�=���:� p : /[ ^ q � ! �rst�uvw #f&' p
':`abA' �x �b=1 cd  ! �rst�uvw �+

� 6u H=�b �b�yz�{|�}~ � �C�D� �� �# �P�W='YZ#['
"6Q &'�B L : L �e#� f� >:� b�#=�� >A�������� m#�
[' b� �U ! � ��� U ! �� '.�:�SA' K� U��. TU� ! �

�����: pHPC� K�� b. �rst�uvw ��1YZ#[� >A.�� �
�� � H ! �5� L ��1 Q L :  ! � � ��#�'������
� �H�:HP1' cd TUM #C1P {����z��� ���#�'.�: �,A' K
�L � W L ��1��>A�^_:`a �� b � T#�� ! � � ,
bA' K� �L �� �� �# 1 m&' A�:H ��^ _:HP � ��6���
YZ#['�� �$%/[':`abA' /����s�� � mH �A��5� +6
 ! #h1P� T�/�L ��W=� &'���� 6�B'>:6��P1'
��� ����9�#�5� � ���\ #$%H ��/� � q � ! �rst�uvw �
�>:.^_:HP`abA' K� �b � N � # �H # U/�A�  /[�� H�
��) #�� T�$%�¡='>:6�� H �� C�D TU#C1P� : �¢�£,
>A��5 � L � o¤�/�=W N�� W >A� ¥� �� �$%=<#�'¦ �`a
§N¨.$%HP1': �HP1' ��/� � bA'� ©� /[' K� J M �rst�
���:. /� TU� � U���L � uvw . e/ mH� H�H m C�D

�1YZ�xbA�� /�X# U� ���� w � �M ��. W >�>:�b �ª +,-
� K��L � U TU:.#+ � �#�� � ! ��� /«+,-�.�� � ���1rs
RE&'YZ#[��� �X# mH�>:�b t�uvw � bA'¦ �?@,A�
� � / mH� &=S¬ � #C1P
U � : � C�D TU � : �
� � � : ¢=���.�� /� � � + C�D® T#�' � ��� 
U� � � /['�# H TU/� ! � "C�Drst�uvw #¯°&$%#h1P
/[�� ���� � �� �� ���  ± ²�� x6 �
! � � #h1P� ª U TU� ! ³ � U# ±P£,���
� U/�A´A =<� p�[� >A: �	 L �	
������L
G&':cd�8���=��1:1a' H�H � � + � �C�D� �� �# �P m&'Y
��&µ':X# � '¦ �`abA'�B > Z#[�� K�1¶A. U�� TU� �L
A#h1P�,b='· 6 &' ����� K� �	 L ������� � �
¸ b � � # ±��� #~���� HW
1�� ��� � ¹� H� /[� d �L � + � �# �PREH �
���w #N HP1'�B/[Ig: �HP1' �� �# �P m&'YZ#[�� K�� /�
>�>:�b cd ! �+ � �# �P�L � TU�� U� �L �����
REHP1'�� º # d � »�¼K'�B �L � + � �# �PRE&'YZ#
/�=1�:`abA' [�� K�� ������ ��L �����
��#C1P NO 6��� ! � P� , rst�uvw � + � �C�D� ��

-��B)½�l � BbA�� J � ! �^ �# �P �&'YZ#[�� K� U�� T

� � �

� � � �

	 
�� �  � �� �
� � �

�� ��� � �� � �� � � � � �
� � �  

�� ��� � !"# �� � �
�  � � �  

�� � �� $ � � �
% "#	� �  �

� & � '( ') *"#+� , -� .
/ 0 12 � 3 � 4 0

5 4 �
67 8 9 "# : ;< = .
, 8 �� "# �� $ > &
?@ A � B %C �

*"#� 0 D "# � 4 �
�� & "# �� � 8 ,E 12 FE

��  � � + G
� ��  8 �� H ��FE� 
� I:

� �� ;< = . & J FE 67K
	� +� & , I:
��FE� � L3

+ � = � M =3 � 4
N � <  = O %C P

Q ��FE� = ; �
R FE �S / � T 5 � U4

V G M W X> � �
� � � %C � 4 & & S

%C � 4 � �  Y 	
� %C � � : = �

8� & 4 Z U4
8 � & � %C

[ [ ; � [ [
; 8 � \ � % ;< � � F
C 8 � % � \ � 4

8 � �  ]^_ ` a Z
8 � \ b %C � � %C �

B 0 � 8� 8 �� ��
8 � � : ;< = . &

cd e U4 %C � � ��
f J 8 �� � �

@ � � g P A
g h �� gE i � �� � : . ;<

L U G = . & � �
� : . � %C � ��
i j �� � � : .

� � �
M � � * k 4 � : ;<

, l � m = . = %C �

� �

�
�

�

�

�

�

�

�

�

35 115:

RR

RR

RR

RR

RR

PK RR

PK PK-RR

RR

RR

PK PK

RR

.

. .

TCA

TCA

, 2 +2

,*

2

++

,,

+- +*

1 3

+*

,+

, . , -

+1 ,*

,0 ,1 .*

2 +/ . /

0 , 0 *



� �

� ��� � 	
��  � �

������ � � � �� �

� � � �
� � � ��

� � � �
� � � � ��

� � � � �
�

� � � ��
� � � �

� � � � � � � � � ��
� �� � � � � �

� � � �� � ��
� � � � �� �

� � �
� � �

� �� � � � � �
� � � �

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

� �
� � � �� � � � � ��

� � � � � � � � �
� � � � � � �

� �� � ��
� � � � � � �

� � �
� � � � �� � ��

� � � � � � � � � � �
�

� � � �� � � � � ��
� � � � � � �

� �
� � � �� � � � � ��

� � �
� � �
� � � � ��

�
��
 
 �� �

� � ! " ! #$ %&%
 '
()�

* +" ,! -. !  
 /0 �1
23 ! )4 ) 5

67 8 , 9:%&%�

 � �� ;%<;'� =
 >
��
?@
A B CD %&%� �EF� G
EH�I
$ JK L� ��M 
 NO

P Q R S)T
$ 
U VW XY�

� � ! " ! Z 
[2�H� #$ %&% �

 ()�

\ * # 
]^9_ �� /
G � ` a_^b�� �

c + de! f #$ g� %&
h \ #$ ' $ 
]^9_ EH % ib&_ 
j k�EHl��� m )
� G �123 j no) �� �
, � p q r s t u v V w VxyQ %&
# $ �H�  z Ru 
 X o % ib&_�EF� L'{;|}]_/G �1

~ 23 S)T
, q s t $ 
 � � %&%
 ��l�� �

z/X z� EH�������G o~

�� � � m� ��H� ;%<; � �  �EF� � ' �
L��
%&%
 �'� 
 � �� 

��

� ! � � " �7 ;%<;g � � ! � ! � C�
9:%&%� 
 �' EH� G ��l��� %&%� 
��b EH�� �G �� 

S)T � !j )5
�" V m�b% �H�m� �g% 67 D �g E
&%
 ���� ��l��� � � � H�  ¡9:%&%
 '¢£¤_¥ � ¦��
§a_^bS¨�� �� � � S)T
67 �g �©%&%
]^
9_ #/ {9�/EH�¢£¤_G � ¦�
�� S)T

ª

� �

�
�

�
�

� � �

��«¬� �® %&%$ �¯Y 2�° �
±� ² ³ 
D � ´µ ± ¶��

o)~)� · ¸ A

¹
 g( g�º»� ³ 
( ¼ 
 H®
½ º»�

A A

�� � � � � �	


 	 ��  � � 	

�� ���� �� � �

� � � � � �� �� !
"#�$ %
&'( ) * + � , - .
/01 2 3 4 5

6789 : ' , ;<=> /
 !?@ A B C D "
%

E FG HIJK L M / N
. � O A P@ �Q

RS
TUVWXY � � Z[�  \'

� � � ] � � �
 ! "#�$ %
�R^ *_( � `a� -
�. � bc�� d 	

�ef g U h � � i
W � �� jk �� l � 2 $mn

N� . �% 4 	
o p U q r Ls( L � e t u TUVW vwhW #x
y � z{ � � i | @ | � }~O .

o p r L � e ty z{ �� �\ \ � � �� C�
@ @ . �

���� � ' R� � B �L = # � � � �� � }~ �
O $ / �� A �~}�

�~%
�R� R4� L � B! R � � � �w�f �&8 & (

/ � N �� . / �4 �4 �  ! �
1 l2 5

�( � R� D �� � 6789 : ' ��� W ��B!�   ¡
$ /�� �¢ �  £ ¤£  ¥

¦ § 	
: ' 6789 ��B!� 2

N � . ¥

# ¨ � ©
H� � ª «f¬ ® ¯° �

"#�� % 
 
 ±

² @ ³�´ @ µ �´
¶

· ± "¸¹ · ± "¸�

� �

�

�

�

�

�

�

�
�

� �

� �

� �

�

�

� �

� �

�

�

�

�

�

�

������������������������

36116

A

synthetic pathway of vitamin C in higher plants.
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