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                                 序 
 

 ウメは通常生食されないため、他の果実のように糖および酸の含量、あるい

は食味で評価されることがない。そのため、内容成分や食味向上のための栽培

管理および熟度管理方法の検討はほとんど行われてこなかった。一方で、近年

消費者の機能性への関心は高まってきており、梅酒の消費においても機能性に

関するデータの蓄積と品質向上がさらなる消費拡大を図るうえで重要な課題と

なっている。 

 これまで、「南高」を用いた梅酒の機能性成分についての報告は少なく、熟

度や栽培環境との関係を詳細に調査した事例は見あたらない。 

 本論文の著者、大江孝明（和歌山県果樹試験場うめ研究所主査研究員）は、

機能性成分と香り成分に優れた梅酒を製造するため、ウメ「南高」果実の栽培

および熟度管理技術、果実の機能性成分を高める栽培要因についての研究に取

り組んだ。この研究成果は、個性的な商品づくりや梅酒特区を活かしたオリジ

ナル梅酒づくりへと波及が期待されるとともに、今後、生産農家においても果

実の外観品質だけではなく、より内容成分にこだわった果実を生産しようとす

る意欲の向上につながるものと考えられる。 

 ウメの消費が低迷するなか、本研究成果は、原料果実による食味および機能

性の違いに目を向けてもらうことで、家庭で自分好みの梅酒を作成する動きや、

青果としての流通増加とウメの新たな消費拡大への期待にもつながることか

ら、ここに特別研究報告として公表することとした。 

 本県のウメ産地は基より、ウメ産業の更なる発展に寄与することを期待する

次第である。 

 

 

 

   平成２５年８月 
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                                          所 長 赤木 芳尊 
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L* b*

7

2
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8 -

3

-

9

1.7 1.8 0.8 1.4°C

10

7 z

y x

2007 36.2 39.7 ** 53.2 54.7 ** 29.5 30.9 *** 2.70 1.83 ***
2008 41.5 38.9 ** 58.7 57.1 * 31.9 32.1 *** 1.95 2.01 NS
2009 28.6 26.8 NS 56.4 55.9 NS 32.8 31.6 ** 1.66 1.69 NS
2010 36.6 36.4 NS 58.3 58.7 NS 32.8 32.5 NS 1.84 1.70 NS

z 

y 1
x * ** *** t 5 1 0.1 NS

 L*  b*(g) (kg)

7

y x

2007 36.2 39.7 ** 53.2 54.7 ** 29.5 30.9 *** 2.70 1.83 ***
2008 41.5 38.9 ** 58.7 57.1 * 31.9 32.1 *** 1.95 2.01 NS
2009 28.6 26.8 NS 56.4 55.9 NS 32.8 31.6 ** 1.66 1.69 NS
2010 36.6 36.4 NS 58.3 58.7 NS 32.8 32.5 NS 1.84 1.70 NS

z 

y 1
x * ** *** t 5 1 0.1 NS

L* b*(g) (kg)
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      1
* ** t 5 1 NS

n = 3
         CE TE -

9
z

x

2007 0.23 0.20 NS 122 88 *** 578 403 ***
2008 0.18 0.15 NS 82 74 NS 382 351 NS
2009 0.30 0.25 NS 93 85 NS 474 370 NS
2010 0.13 0.12 NS 99 73 * 433 324 *

z 

y 1
x * *** t 5 0.1 NS
w CE TE

(mg 100g-1FW) (mgCE 100g-1FW)w 100g-1FW)w

z

x

2007 0.23 0.20 NS 122 88 *** 578 403 ***
2008 0.18 0.15 NS 82 74 NS 382 351 NS
2009 0.30 0.25 NS 93 85 NS 474 370 NS
2010 0.13 0.12 NS 99 73 * 433 324 *
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y 1
x * *** t 5 0.1 NS
w CE TE

(mg 100g-1FW) (mgCE 100g-1FW)w 100g-1FW)w
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L* b*

1

Suzuki 1995

1.7

1.8 1 0.8 1.4°C

1981 1985 2006b

y x

43 55 40 26.8 27.5 27.2
24 33 24 26.0 26.7 25.8

v * * *** * * ***
z 2010 6 3
y

n = 30
x 9:00 10:00 13:00 14:00 15:00 16:00
w 1
v * *** t 5 0.1%

m-2 s-1 w

y x

43 55 40 26.8 27.5 27.2
24 33 24 26.0 26.7 25.8

v * * *** * * ***
z 2010 6 3
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n = 30
x 9:00 10:00 13:00 14:00 15:00 16:00
w 1
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2000 Lewallen and Marini, 2003 Marini 1985 1985
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Chuda 1999 2003
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3- Awad 2001

30°C

Wang and Zheng 2001

2011
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2006b 2007a

2 2

2 3

2

250 400 g 1 kg 0.8 kg 35

1.8 L 6

1 kg 0.45 μm

450 nm

1

HPLC Folin-Ciocalteu DPPH

2007 2010 4

2009

2010

1 kg

4

11
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2009 2010
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3,000 * NS NS NS NS

NS
NS

NS

**

NS

4
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     1
6 7 10 13 16 19

50 150 cm

* ** t 5 1 NS
n = 3

11
z

1 kg

y x

2007 2,622 2,706 * 0.06 0.12 *
2008 2,630 2,616 NS 0.10 0.11 NS
2009 2,711 2,732 NS 0.18 0.20 NS
2010 2,653 2,751 *** 0.14 0.17 NS

z 

y 4
x * *** t 5 0.1% NS

z

1 kg

y x

2007 2,622 2,706 * 0.06 0.12 *
2008 2,630 2,616 NS 0.10 0.11 NS
2009 2,711 2,732 NS 0.18 0.20 NS
2010 2,653 2,751 *** 0.14 0.17 NS

z 

y 4
x * *** t 5 0.1% NS

        

0
        

1k
g

m
L

45
0 

nm
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2009

2010

12

6

13

12
z

y x

2007 0.80 0.90 ** 0.45 0.39 *** 32 23 NS
2008 0.88 0.85 NS 0.38 0.38 NS 35 45 NS
2009 0.93 0.80 * 0.39 0.32 * 58 46 NS
2010 0.83 0.84 NS 0.30 0.29 NS 63 53 NS

z 

y 4
x * ** *** t 5 1 0.1% NS

(g 100 mL-1) (g 100 mL-1) (mg 100 mL-1)

z

y x

2007 0.80 0.90 ** 0.45 0.39 *** 32 23 NS
2008 0.88 0.85 NS 0.38 0.38 NS 35 45 NS
2009 0.93 0.80 * 0.39 0.32 * 58 46 NS
2010 0.83 0.84 NS 0.30 0.29 NS 63 53 NS

z 

y 4
x * ** *** t 5 1 0.1% NS

(g 100 mL-1) (g 100 mL-1) (mg 100 mL-1)
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         CE TE -
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2007 48 53 ** 105 125 *
2008 56 62 NS 123 134 NS
2009 63 66 * 100 111 NS
2010 48 54 ** 78 95 **

z 

y CE TE
x 4
w * ** t 5 1% NS

(mg CE 100 mL-1)y 100 mL-1)y

z

2007 48 53 ** 105 125 *
2008 56 62 NS 123 134 NS
2009 63 66 * 100 111 NS
2010 48 54 ** 78 95 **
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y CE TE
x 4
w * ** t 5 1% NS

(mg CE 100 mL-1)y 100 mL-1)y
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1

2005 -

-

Kaneko 1998 1990

1 1

2008 3 A B C

1

3

A 6 19 B 6 22 C 7 1

56.3 45.8

43.3 g 500 g

20°C 76 2 2

4 6 500 g

1 kg 35 1.8 L 0.5 kg

6

5

2007

GC-O

PorapakQ 50/80mesh 4 g 1.5 cm × 30 cm

50 mL 100 mL

100 mL 1 100 μL

30 mL

50 mL

15 g 3 1 mL
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HP-1MS 60 m 0.25 mm 0.25 μm J&W Scientific

HP6890 Agilent He

0.97 mL min-1 1 μL 10 1 240°C FID

250°C 70°C 15 110°C

10°C min-1 140°C 5°C min-1 325°C 10°C min-1

5 2 FID

3

40 mL 11 g 100 mg L-1

0.2 mL n- 10 mL 10

0.45 μm

GC/MS GC-2010

GSMS-QP2010 200°C 240°C

2 2

2010 6 13 16 19

3

41.6 45.8 47.6 g 2 kg 6/13 6/16

6/19 250 350 g

20°C 87 4 6 6/19 6

250 350 g

1 kg 35 1.8 L 0.8 kg

6 3

1

3 3

2009 6 25

47.0 g

250 350 g

10°C 70 20°C 72 30°C 94 35°C

61 3 6 10°C 5 35°C 6

250 350 g 1 kg 35

1.8 L 0.6 kg 6

2 3 1

1992
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Shim-pack VP-ODS 150 × 4.6 mm, 

0.2 M pH4.0 16 79 5 HPLC

30°C 1.0 mL min-1 210 nm Hata 2006

Shim-pack SCR-102H 300 × 8.0 mm, HPLC

80°C 1 1.5 mL min-1 210 nm

4 4

2009 7 6 8

1 36.3 g

250 350 g

35°C 60 60 90 90

0 2 3 4 1 kg

35 1.8 L 0.6 kg 6

2 3 3

1 1

A B 4

14 C 4

6

- -

A B

4 C 6

6

2 2

15 6/13 6/19 4

6/16 5 -

6/19 6/13

5 0 6/16 6/19

0

3 3

- 3 4 20 30°C
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1981 1984 1985 1983

1994a b -

2008

- -

Mattheis , 1991 Ueda 1992 Noguchi

2002 Hayata 2003

Hovert 1990 2002

Kakiuchi and Ohmiya 1991 Meredith

1989 - -

Engel 1988

Fukuhara 2005

4 6

20 35°C 20 30°C

10°C

0°C 2 -

Robertson 1990 0 5

10°C

Ayala-Zavala 2004

1-Methylcyclopropene 1-MCP 1-MCP

Aminoethoxyvinylglycine

Escalada and Archbold 2009 Ferenczi

2006 20°C

30°C 10°C

2007b
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20°C 4 30°C 3

20°C 5 30 35°C 3

20°C 5 30 35°C 3

Kaneko 1998

1997

Dicenta 2002

1994

5 mg 100 

mL-1 1990 20°C

4 30°C 3

20°C 4 30°C 3

20°C

50 μg L-1

200 μg L-1

20°C 4 30°C 3 200 μg L-1

Kaneko 1998 1.56 mg 100 mL-1

20°C 4 30°C 3

5 mg 100 mL-1

35°C 60
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20°C 4 30°C 3

2 2

7

2

3

1

- -

2 3

2009 3

1 2

1

1992 Hata 2006
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HPLC 1 - -

2007

GC/MS GC2010 GSMS-QP2010

2007 2010 4

2010 2009

11

16

0.0

0.4

0.8

1.2

1.6

0

1

2

3

4

5

6

7*

**

**
*

**

NS **
NS

*

11
2010

         4 5
* ** t 5 1 NS

n = 3

                

m
g

10
0m

L
-1

m
g

10
0m

L
-1
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- -

- -

12

17

y x

2007 1.29 1.08 NS 7.69 6.66 NS
2008 1.35 1.50 NS 6.37 7.20 *
2009 1.62 1.69 NS 5.88 5.72 NS
2010 0.98 1.05 NS 3.69 3.91 NS

z 

y

4
x * t 5% NS

(mg 100 mL-1) (mg 100 mL-1)
y x

2007 1.29 1.08 NS 7.69 6.66 NS
2008 1.35 1.50 NS 6.37 7.20 *
2009 1.62 1.69 NS 5.88 5.72 NS
2010 0.98 1.05 NS 3.69 3.91 NS

z

y

4
x * t 5% NS

(mg 100 mL-1) (mg 100 mL-1)

16
z
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-
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2 2

2 3

Kaneko 1998

1994

1990

2009

1 2 1

x

L-1) 6 9 NS

L-1) 0 3 NS

L-1) 13 8 *

L-1) 14 9 *

L-1) 165 176 NS
z 

y

4
x * t 5% NS

y x

L-1) 6 9 NS

L-1) 0 3 NS

L-1) 13 8 *

L-1) 14 9 *

L-1) 165 176 NS
z 

y

4
x * t 5% NS

y

17
z
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1 - -

Engel 1988 Kakiuchi 

and Ohmiya 1991 Meredith 1989

- -

6

-

1

- -

Mattheis 1991
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1 1

2008 2009 A F 6

D 2008 1 3 1

A F

2 9

18

2 4 2 3

2009

1 2008 2 kg 2009

4 kg 10

750 g 1

b*

2 1 b*

1 kg 35

1.8 L 0.5 kg 6

2008 A 6/6 6/9 6/13 6/17
B 6/13 6/16 6/22 6/24 6/26 6/28 6/30 7/3 7/7
C No.1 6/13 6/19 6/22 6/27
C No.2 6/18 6/23 6/26
D 6/26 7/1
E 6/18 6/26 6/30 7/3
F 6/24 7/1 7/3 7/7 7/10

2009 A 6/4 6/7
B 6/11 6/15 6/18 6/20 6/22
C No.1 6/15 6/17 6/20 6/22 6/24 6/26 6/28
C No.2 6/17 6/20 6/23
E 6/17 6/22 6/24 6/26 6/28
F No.1 6/19 6/22 6/24
F No.2 6/22 6/24 6/28 6/30 7/2
F No.3 6/22 6/26 6/30

z

2 3

2008 A 6/6 6/9 6/13 6/17
B 6/13 6/16 6/22 6/24 6/26 6/28 6/30 7/3 7/7
C No.1 6/13 6/19 6/22 6/27
C No.2 6/18 6/23 6/26
D 6/26 7/1
E 6/18 6/26 6/30 7/3
F 6/24 7/1 7/3 7/7 7/10

2009 A 6/4 6/7
B 6/11 6/15 6/18 6/20 6/22
C No.1 6/15 6/17 6/20 6/22 6/24 6/26 6/28
C No.2 6/17 6/20 6/23
E 6/17 6/22 6/24 6/26 6/28
F No.1 6/19 6/22 6/24
F No.2 6/22 6/24 6/28 6/30 7/2
F No.3 6/22 6/26 6/30

z

2 3

18 z
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1 GC/MS GC-2010 GSMS-QP2010

- -

2 2

1 b*

2009

20°C 87 b*

2 0 2 4 6

10 b* 1 500 g

1 b*

1 1

2008 2009

13

2008 50 μg L-1

C D F

2009

50 μg L-1 E B F C 1

C 1 50 μg L-1

2009

b* 19

r = -0.511 -0.684 p < 0.01

 b*

b* 34.5

2008 50 μg L-1 2009 100 μg L-1 14

0.98 kg 1 2008

50 μg L-1 2009 100 μg L-1 15 2

b* 34.5 0.98 kg
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-1

0 
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No.1 No.2

A B C D E F

L
-1

2008 2009

2008 2009

13

     - -
      A F 18

19 z

L
-1

L
-1

(g) 2008 n = 57 0.368 **y 0.364 ** 0.291 *
2009 n = 34 -0.106 NS -0.074 NS -0.071 NS
2008 n = 54 -0.505 *** -0.477 *** -0.451 ***
2009 n = 34 -0.132 NS -0.144 NS -0.214 NS
2008 n = 58 0.586 *** 0.456 *** 0.529 ***
2009 n = 32 0.427 * 0.416 * 0.413 *

 b* 2008 n = 58 0.664 *** 0.753 *** 0.672 ***
2009 n = 34 0.403 * 0.497 ** 0.448 **

(kg)x 2008 n = 58 -0.665 *** -0.521 *** -0.684 ***
2009 n = 33 -0.548 ** -0.556 *** -0.511 **

z - -
y * ** *** 5 1 0.1% NS
x 5 mm 1 mm

19 z

(g) 2008 n = 57 0.368 **y 0.364 ** 0.291 *
2009 n = 34 -0.106 NS -0.074 NS -0.071 NS
2008 n = 54 -0.505 *** -0.477 *** -0.451 ***
2009 n = 34 -0.132 NS -0.144 NS -0.214 NS
2008 n = 58 0.586 *** 0.456 *** 0.529 ***
2009 n = 32 0.427 * 0.416 * 0.413 *

 b* 2008 n = 58 0.664 *** 0.753 *** 0.672 ***
2009 n = 34 0.403 * 0.497 ** 0.448 **

(kg)x 2008 n = 58 -0.665 *** -0.521 *** -0.684 ***
2009 n = 33 -0.548 ** -0.556 *** -0.511 **

z - -
y * ** *** 5 1 0.1% NS
x 5 mm 1 mm
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r = -0.665 p < 0.001
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2008 9.9 4.1

43.1 2009 4.0 3.7

7.0 16

2 2

1 b* r = 0.652

0.809 p < 0.001 r = -0.758 -0.864 p < 0.001

17
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L
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*** ***

***

*** ***
**

16 b*

b* 34.5 0.98 kg
   2008 n = 34 n = 24 2009 n = 20

n = 14 SE
       - -

         ** *** t 1 0.1

2008

2009
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r = -0.864 (p < 0.001)
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1 -

-

20°C 4 30°C 3

2002 Mattheis 1991

Jia and Okamoto 2001

30 45

Boonprakob 1992

Wert 2009

Hyman 2004

a* 4 Itle Kabelka 2009

a* b*

Moore 1997 a* b*

b* -

2008

6 8 2

b*

b*
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1 50 μg L-1 200 μg L-1

b* 34.5 2008 50 μg

L-1 2009 100 μg L-1 0.98 kg

1 2008 50 μg L-1 2009 100 μg L-1

b* 34.5 0.98 kg

2

2008 9.9

4.1 43.1 2009

4.0 3.7 7.0

2

 b*

1
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2007a

3 3

b*

2004

Murayama 2006

Taniwaki and Sakurai 2010

2011 2009 2010

2010 2008 Takahashi

2010 2011 2010

2011

2

1 1

2010 3
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5 31 6 19

3 7 2011

3 A C B

3 1

3 5 7 1

30

10 COMPACK-100

KM SP- -1

2 1 5 mm

1 mm s-1 1 mm kg

kg

2 2.5 3 3.5 mm

3 mm

100 6000 Hz

2 3

2 f2 Hz 3 f3 Hz

d m m kg Ed f2 f2
2 d2 Ed f3 f3

2 d2 Em f2 f2
2

m2/3 Em f3 f3
2 m2/3 4 2010

t 3

2011

8

2010

2 2

2010 6 4 6 19 1

300 g 2011

1

10 8 6 3 1 kg

35 1.8 L 0.8 kg
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6 2006 2007

× 100

2 3 0.45 μm

450 nm

2 1 HPLC Folin-Ciocalteu

DPPH

3 3

2011 6 22 2L 3L

4L 4L

2L 20°C 3L 20 25 30°C

4L20°C 2L20°C 3L20°C 3L25°C 3L30°C 0 6 3L30°C

6 0 5 10

1

1 1

2010 6 10 6 7

20

2010 Ed f2 Em f2 r = 0.991 p < 0.0001 Ed f3

Em f3 r = 0.995 p < 0.0001 18 2011

Ed f2 Em f2 r = 0.995 p < 0.0001 Ed f3 Em f3 r = 0.996 p <

0.0001 19

Ed f2 Ed f3 Ed f2 Ed f3 6 7

6 7 Ed f2 Ed f3

r = 0.693 p < 0.0001 20 Ed f2

Ed f3 r = 0.816 0.752 p < 0.0001

2011 Ed f2 Ed f3

21

Ed f2 Ed f3

r = 0.939 0.909 p < 0.0001 22
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20 2010

y 5/31 6/4 6/7 6/10 6/13 6/16 6/19
No.1 2.43 1.92 1.92 1.59 1.19 1.33 0.63

(kg) 2.19 2.22 2.67 2.19 1.80 1.66 1.08
x NS ** *** ** *** NS ***

No.2 2.63 2.09 2.16 1.88 1.42 1.41 0.63
2.29 2.32 1.82 2.24 2.27 1.63 1.20

* * NS ** *** NS ***

No.3 2.44 2.33 2.44 2.05 1.57 1.37 0.71
2.39 2.34 2.14 2.24 2.32 1.81 1.22
NS NS NS NS *** ** ***

No.1 4.34 3.95 3.29 3.03 2.61 1.91 1.88
(kg) 4.14 4.19 3.67 3.22 2.98 1.93 2.04

NS NS NS NS NS NS NS

No.2 4.23 4.31 3.23 3.07 2.67 1.76 1.84
3.95 3.81 3.71 3.54 3.40 2.18 2.08
NS * * NS ** ** NS

No.3 4.19 4.45 3.62 2.97 2.26 1.74 1.78
3.53 4.25 3.86 3.49 3.25 1.89 2.13

* NS NS * *** * NS

No.1 1.39 1.24 1.25 1.13 0.94 0.75 0.57

Ed f 2  (Hz2 m2) 1.28 1.20 1.54 1.26 1.18 1.04 0.75

* NS *** * *** *** ***

No.2 1.54 1.29 1.38 1.20 1.02 0.81 0.53
1.31 1.20 1.68 1.32 1.26 1.06 0.84
** NS *** * *** *** ***

No.3 1.46 1.31 1.42 1.20 1.01 0.79 0.56
1.30 1.20 1.62 1.27 1.26 1.07 0.79

* NS ** NS *** *** ***

No.1 2.83 2.19 2.31 2.01 1.57 1.35 1.06

Ed f 3  (Hz2 m2) 2.74 2.31 3.08 2.20 2.08 1.67 1.34

NS NS ** NS *** *** ***

No.2 3.36 2.57 2.62 2.11 1.76 1.47 0.98
2.87 2.47 3.62 2.52 2.31 1.74 1.44

* NS *** * ** ** ***

No.3 2.87 2.24 2.68 2.12 1.73 1.44 1.01
2.79 2.35 3.40 2.29 2.48 1.73 1.37
NS NS ** NS ** *** ***

z 1 3 No.1 3
y

x * ** *** t 5 1 0.1 NS n = 10

20 2010

y 5/31 6/4 6/7 6/10 6/13 6/16 6/19
No.1 2.43 1.92 1.92 1.59 1.19 1.33 0.63

(kg) 2.19 2.22 2.67 2.19 1.80 1.66 1.08
x NS ** *** ** *** NS ***

No.2 2.63 2.09 2.16 1.88 1.42 1.41 0.63
2.29 2.32 1.82 2.24 2.27 1.63 1.20

* * NS ** *** NS ***

No.3 2.44 2.33 2.44 2.05 1.57 1.37 0.71
2.39 2.34 2.14 2.24 2.32 1.81 1.22
NS NS NS NS *** ** ***

No.1 4.34 3.95 3.29 3.03 2.61 1.91 1.88
(kg) 4.14 4.19 3.67 3.22 2.98 1.93 2.04

NS NS NS NS NS NS NS

No.2 4.23 4.31 3.23 3.07 2.67 1.76 1.84
3.95 3.81 3.71 3.54 3.40 2.18 2.08
NS * * NS ** ** NS

No.3 4.19 4.45 3.62 2.97 2.26 1.74 1.78
3.53 4.25 3.86 3.49 3.25 1.89 2.13

* NS NS * *** * NS

No.1 1.39 1.24 1.25 1.13 0.94 0.75 0.57

Ed f 2  (Hz2 m2) 1.28 1.20 1.54 1.26 1.18 1.04 0.75

* NS *** * *** *** ***

No.2 1.54 1.29 1.38 1.20 1.02 0.81 0.53
1.31 1.20 1.68 1.32 1.26 1.06 0.84
** NS *** * *** *** ***

No.3 1.46 1.31 1.42 1.20 1.01 0.79 0.56
1.30 1.20 1.62 1.27 1.26 1.07 0.79

* NS ** NS *** *** ***

No.1 2.83 2.19 2.31 2.01 1.57 1.35 1.06

Ed f 3  (Hz2 m2) 2.74 2.31 3.08 2.20 2.08 1.67 1.34

NS NS ** NS *** *** ***

No.2 3.36 2.57 2.62 2.11 1.76 1.47 0.98
2.87 2.47 3.62 2.52 2.31 1.74 1.44

* NS *** * ** ** ***

No.3 2.87 2.24 2.68 2.12 1.73 1.44 1.01
2.79 2.35 3.40 2.29 2.48 1.73 1.37
NS NS ** NS ** *** ***

z 1 3 No.1 3
y

x *x ** *** t 5 1 0.1 NS n = 10
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n = 420, p < 0.0001
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2 2

2010

0.08 kg

64

82 21

2.2 kg

89

Ed f2 10,000

Ed f3 17,000
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73 22 2.2 kg

87 Ed f2 10,000

80 Ed f3 17,000

78

2.2 kg Ed f2 10,000

Ed f3 17,000

Ed f2 Ed f3

23

3 3

Ed f2 Em f2 r = 0.999 p <

0.0001 Ed f3 Em f3 r = 0.999 p < 0.0001

23

Ed f2 Ed f3 Ed f2 Ed f3

24 Ed f2 Ed f3 2 3L30°C

Ed f2 r = 0.909 Ed f3 r = 0.889

p < 0.0001 25
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Abstract

The relationships between surface blushing and the content of qualitative components of the 

Japanese apricot (Prunus mume Siebold et Zucc.) 'Nanko' fruit were investigated. Brightly blushed 

fruit covering over 25% of its surface had higher levels of citric acid, phenolics, and antioxidant 

activity in its flesh than non-blushed fruit. Shading apricot fruit from ultraviolet (UV) light for about 

3 weeks before harvest produced a clear decrease in surface blushing, phenolic content, and 

antioxidant activity. UV-B irradiation for 12 h to the inner canopy fruit 10 days before harvest 

resulted in blushing and increased the antioxidant activity. These results showed that brightly 

blushed fruit was rich in phenolics and antioxidant activity and that UV light played an important 

role in blushing, phenolic content, and antioxidant activity in the Japanese apricot 'Nanko' fruit. 

When fruit shaded from sunlight was exposed to sunlight for about 3 weeks before harvest by 

cutting off the shoot with leaves around the fruit to increase UV irradiation, surface blushing was 

caused, and the phenolic content and antioxidant activity in flesh were increased. On the other hand, 

placing reflecting films under the outer canopy for 40 days had no effect on the development of the 

bright red color.

Japanese apricot fruit were investigated for 4 years. In fruit located on the inner side of the 

canopy, the time that the trichome fell out over 30% of their surface, an indicator of harvest, was 

later, and the beginning of harvest was 4–10 days later than on the outer side of the canopy every 

year. Fruit weight and b* value and L* value of skin color tended to increase, and firmness tended to 

decrease with fruit development, and there were no differences between fruit on the inner and outer 

sides of the canopy when they were compared at the same stage, the beginning of harvest. Contents 

of citric acid, sorbitol and -caroten tended to increase with fruit development, and there were also 

no differences between the flesh of the fruit on the inner and outer sides of the canopy when they 

were compared at the same stage, the beginning of harvest. However, phenolic content and 

antioxidant activity tended to decrease with fruit development, and in the flesh of the fruit on the 

inner side of the canopy they tended to be lower than in fruit on the outer side of the canopy when 

they were compared at the same stage, the beginning of harvest. These results indicate that delaying 

the harvest time of fruit on the inner side of the canopy makes their fruit weight and some functional 

components equal to the fruit on the outer side of canopy, but causes poorer phenolic content and 

antioxidant activity than on the outer side of the canopy.

Influence of fruiting position in the canopy on functional components of processed ume liqueur 
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of `Nanko' Japanese apricot was investigated for 4 years. Content of citric acid and sorbitol in ume 

liqueur tended to be higher as the harvest time of processed fruit was later, and there were also no 

differences of them between ume liqueur made from fruit in inner and outer side of canopy, when 

they were compared at the same stage, beginning of harvest. However, phenolic content and 

antioxidant activity in ume liqueur made from fruit in inner side of canopy tended to be higher as the 

harvest time of processed fruit was later, and ume liqueur made from fruit in inner side of canopy 

tended to have them more than that made from fruit in outer side of canopy, when they were 

compared at the same stage, beginning of harvest. These results indicate that delaying the harvest 

time of fruit in inner side of canopy for about 7 days makes their some functional components and 

bitter component in ume liqueur equal to that made from fruit in outer side of canopy, and makes 

phenolic content and antioxidant activity higher than that made from fruit outer side of canopy.

Effects of harvest time and storing conditions after harvest on the aroma and bitter components 

of processed ume liqueur were investigated with Japanese apricot 'Nanko'. Some of the aroma 

components in ume liqueur were identified as -decalactone, -decalactone, ethyl butyrate and butyl 

acetate by the sniffing test. Content of these aroma components in ume liqueur was higher in fruit 

harvested later, and was high when the harvested fruit were stored for four days at 20°C or three 

days at 30°C. Ume liqueur made from fruit stored within five days at 20°C or within three days at 30 

or 35°C showed equal or lower content of ethyl benzoate, exhibiting immature flavors, than that 

made from fruit immediately after harvest. Content of prunasin and oxalic acid that exhibited 

bitterness in ume liqueur decreased when the fruit was stored for four days at 20°C or three days at 

30°C. These results suggest that aroma and bitter components in ume liqueur are influenced by the 

harvest time and storing conditions, and mature fruit should be harvested and the fruit stored for 

four days at 20°C or three days at 30°C before processing in order to increase aroma components 

and decrease bitter components.

Influence of fruiting position in the canopy on aroma components of processed ume liqueur of 

`Nanko' Japanese apricot was investigated for 4 years. Contents of prunasin, exhibiting bitterness, 

and ethyl benzoate, exhibiting immature flavors, in ume liqueur tended to be lower as the harvest 

time of processed fruit was later, and there were also no differences of them between ume liqueur 

made from fruit in inner and outer side of canopy, when they were compared at the same stage, 

beginning of harvest. Ume liqueur made from fruit in inner side of canopy tended to have less aroma 

components, such as -decalactone, -decalactone and ethyl butyrate, than that made from fruit in 

outer side of canopy at the ripening stage. These results indicate that delaying the harvest time of 
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fruit in inner side of canopy for about 7 days makes their bitter component in ume liqueur equal to 

that made from fruit in outer side of canopy, and ume liqueur made from fruit in inner side of 

canopy is poorer in content of aroma components than that made from fruit in outer side of canopy 

in case of making fruity ume liqueur from the fruit at the ripening stage. 

We tried to find the maturity index of fruit for high aroma components of processed ume 

liqueur of 'Nanko' Japanese apricot. Aroma components, total decalactone (sum of -decalactone and

-decalactone), ethyl butyrate, and butyl acetate, in ume liqueur were significantly related to the 

skin color b* value and fruit firmness of raw material fruit. The ume liqueur made from fruit which 

showed below 34.5 in skin color b* value of raw material fruit contained each aroma component 

below 50 μg L-1 in 2008 and below 100 μg L-1 in 2009. The ume liqueur made from fruit which 

showed above 0.98 kg in fruit firmness of raw material fruit contained each aroma component below 

50 μg L-1 except for one sample in 2008 and below 100 μg L-1 in 2009. The ume liqueur made from 

the fruit that showed above 34.5 in skin color b* value and below 0.98 kg in fruit firmness had 

significantly higher in total decalactone, ethyl butyrate, and butyl acetate than the other ume liqueur. 

Even though the ume liqueur made from the fruit stored within six days at 20°C, skin color b* value 

and fruit firmness of raw material fruit significantly related to the content of aroma components in 

ume liqueur. These results suggested that the skin color b* value and fruit firmness were available 

for the index of aroma components in the ume liqueur made from 'Nanko'.

We investigated alternative portable methods to the rheometer in fruit firmness evaluation for 

high functional or aroma components of processed ume liqueur of 'Nanko' Japanese apricot. Fruit 

firmness using the universal hardness meter showed a difference based on the harvesting time and 

fruiting position, although there was little difference using the rheometer. The elasticity index (EI) 

using the portable vibration hardness meter was also able to evaluate these differences as well as 

the universal hardness meter. EI was more significantly correlated with the rheometer than the 

universal hardness meter. There was little difference between EIs calculated based on the fruit 

diameter and mass. EI calculated by f2
2 d2 (Ed f2 ), where f2 was the second resonant frequency 

and d was the fruit diameter, showed a higher correlation with the firmness obtained from the 

rheometer than EI calculated by f3
2 d2 (Ed f3 ), where f3 was the third resonant frequency, in both 

developing and ripening fruit. Therefore, Ed f2 should be suitable for determining the firmness of 

Japanese apricot fruit as a substitute for the rheometer. The time of a sharp decrease in fruit 

firmness, the index of the time when functional components reached high levels in ume liqueur for 
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the rheometer, was not detected by either the universal hardness meter or portable vibration 

hardness meter. However, the ume liqueur made from fruit with below 10,000 in Ed f2, 17,000 in 

Ed f3 or 2.2 kg using the universal hardness meter with a 3-mm-diameter cylindrical plunger, 

contained higher functional components. These results suggest that the portable vibration hardness 

meter is suitable for the nondestructive measurement of fruit firmness, and might be available for 

calculating the index of raw material fruit to process ume liqueur with high functional components 

or aroma components in Japanese apricot 'Nanko'.
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