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Fig. 1. Changes in anthocyanin in apple
skin grown at different temperatures.
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Fig. 2. Changes in sugars in apple skin grown at different temperatures.

bh, KEZLLRIh -7 GBI
COREBRMNG, v I ABOEMIERRV

0.50

0.10
10°C = 20°C

0.30

mg/g fw

0,10 +

0.0 20 - 30°C

.00

Sept. Sept. Sept. Sept. Oct.
Y 11 21 30 12

Fig. 3. Changes in citramalic acid in
apple skin grown at different

temperatures.
FERICBI AR 75 < BRI > TE L CIflE s o
LR B 1
2 RAROWE, U bSILBOBHAIEL

HICEDORE

(1 BAPR BT 5T EEEEOZE

R OB ORI S HT SRR 4 iR L
TLEBNTH L. CORREYADE, v s BETKE
IR D MIX T & & IEFHESRIN R < 7o Dok THEM
Lie Lnl, EROmXTIiZ10 A 12 H O BRAURE]
THETHEMIA DN S SO DOLB B feh
-1 Fi, ARK EBERKORFEFILE S L2
b, AEHERA L LBV IcENoEB A LR,
HEDREZE LN ch - T

TR UBEDTHRERE A S L, @R OmKIE I
L 7oA RIR O MRz LA S L
I - Too ZEK & ER K ORI E AT 5 &,
it LA BB O IR & R L oo

Vo b= DR A A B E, 9HLLHA
DEMFHI TR EDMEIKICE W Thiz LA %
WA BN - Toe UL, 9 821 O LA DEREL

— 1156 —



== kg > = =) =,
BARREDA CHRESEE 275 (199D
101 8r
+ Sucrose 1oc —20¢ 7k Sorbitol
30 b 6}
< E
3 - s}
=0 =
£ g
20 | it
F 20°C — 30°C R
0 ! 0 . - )
Sept. Sept. Sept. Sept. Oct. Sept. Sept. Sept. Sept. Oct.
2 11 21 30 12 2 11 21 30 12
30 - 00
Glucose Fructose
80
ar 0
i |
Z 60 F
X oawf §
= EE-U
L
15 |- 10
30
0 A ) |

. 1
Sept. Sept. Sept. Sept. Oct.
2 11 21 30 12

Fig. 4. Changes in sugars in apple flesh
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Fig. 5. Gas chromatograms of TMS-derivatives of organic acidsZ obtained from
skin and flesh in apple¥ at Oct. 12, 1987.
1, citramalic acid; 2, malic acid; 3, anthracene(internal standard): 4, quinic acid.
Analytical conditions: column, CBP1 25mX (0.2mm; injector temperature, 280°C ;
columun temperature, 100—250°C (2.5C,“min
Z Free organic acids were collected with ion exchange resin after extracting

with 80 % ethanol.
7 The apple trees grown in pots were moved into graowth chamber for a period

from Sept. 2 to Oct. 12, 1987, and subjected to a 15°C constant temperature
during day and night.
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Effects of Controlled Air Temperature on
Development of Anthocyanin, Sugars and
Citramalic Acid during Maturation of the Apple

Cultivar ‘Starking Delicious’

Shoji Noro, Harutaka IcuHinoHE and Nobumi OBARA
Aomori Apple Experiment Station
Kuroishi, Aomori 036- 03, Japan

Summary

Effects of temperature on maturation of the apple cv. Starking Delicious were
studied in 1987. The test was conducted under four temperature regimes:1) constant
15°C, 2) cycling between 10°C and 20C from night to day, 3) constant 25°C, and 4)
cycling between 20°C and 30°C from night to day.

Our goal in comparing 1) vs. 3) and 2) vs. 4) was to document the difference
in the effect of low and high temperatures. The comparisons of 1) vs. 2) and 3) vs.
4) were made to document different effects between constant and cycling
temperatures. Two 12-year—-old potted trees were maintained under either of
these conditions for the period from Sept. 2 to Oct. 12.

Levels of anthocyanin, soluble sugars and citramalic acid in fruits were
measured during this period to compare treatment effects.

1. The level of anthocyanin in skin increased in the low temperature regimes,
1) and 2), as time advanced, while in the high temperature regimes, 3) and 4),

it remained constant. The level of anthocyanin did not differ significantly

between constant and cycling temperatures, regardless of high or low temperature.

2. Changes in sucrose, sorbitol, glucose and fructose in fruit flesh were similar

to those found in the skin. Sucrose content increased in the low temperature
regimes, 1) and 2), as time advanced, while in the high temperature regimes,
3) and 4), it remained low. Changes in sorbitol content between the four

treatments were similar to those in sucrose. (Glucose content increased in the
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high temperature regimes, 3) and 4), but in the low temperature regimes, 1)
and 2), it remained low. No differences were found in fructose content between
the four treatments.

3. Citramalic acid in the skin increased in the low temperature regimes 1) and
2), while in the high temperature regimes, 3) and 4), it remained low. In fruit
flesh, only trace amounts of citramalic acid were detected during the maturation
stage regardless of the treatments.

4. Watercore appeared at the later stage of ripening in the low temperature
regimes, 1) and 2), but in the high temperature regimes, 3) and 4),
it did not appear at all. Differences in intensity of watercore between 1) and
2) were not found.

5. The study concludes that in maturation process, the apple cv. Starking Delicious

requires low temperature, regardless of whether it is constant or fluctuating.
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