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Degradation of Polysaccharides and Collapse of Tissues in Baked Apple
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The relationship between the softening of baked apple and degradation of pectin and polysaccha-
rides was investigated. The water-soluble fractions of pectin and polysaccharides were increased by
baking at 160-190°C for 60 min. However, the oxalate-soluble fraction of pectin and polysaccharides in
baked apple decreased. The softening of baked apple tissues thus appears to have been due to the in-
soluble pectin and insoluble polysaccharides formed a soluble state. The results of gel-permeation chro-
matography and DEAE-Toyopearl chromatography shows that the pectin and polysaccharides were
degraded into low-molecular-weight molecules. It was found that this degradation was mainly caused
by a hydrolysis reaction through malic acid under high temperature and weak acidic conditions (pH
4.3), and not caused by a j-elimination reaction.
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Raw

Baked for 30 min

Baked for 60 min

Fig. 1.

O, the segments measured to determine the firmness of
tissues and observed with a cryo-scanning electron micro-
scope.

Photographs of raw and baked apples
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Fig. 2. Changes in temperatures of an oven and sam-
ple during baking at 180C
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Fig. 3. The stress-strain curves of raw and baked
apples

Table 1. Changes in rupture stress and rupture

strain of apples during baking

Rupture stress Rupture strain

(X10* N/m?) (%)
Raw 43.2+11.0 7.4%+1.6
Baked for 30 min 31.6+8.5 32.0%+3.9
Baked for 60 min 4.7+1.9 35.5+6.8
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Table 2. Amounts of pectin and polysaccharides extracted from raw apple and baked apple

Raw apple Baked apple* Baked apple**
Polysaccharides Pectin Polysaccharides Pectin Polysaccharides Pectin
Water soluble 8.3 1.5 8.0 5.1 41.4 9.9
Oxalate soluble 22.3 19.0 19.3 14.7 18.4 10.2
4% NaOH soluble 4.9 2.7 7.3 3.5 5.3 2.3
24% NaOH soluble 12.4 2.1 16.3 1.4 15.4 2.4
*, baked at 160-190°C for 30 min. **, baked at 160-190°C for 60 min. The values are mg per g of dry weight.
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Fig. 4. Gel-permeation chromatography of the
pectins extrected from raw and baked apple
and the pectin heated in a malic acid solution.

Column, Sephacryl S-500, 1.0X 80 cm. Pectin was eluted
with 0.1M sodium acetate solution into 3 ml fractions.
Apple was baked at 160-190C for 60 min. ~O-, raw apple;
-@®-, baked apple; -(O0-, the apple pectin was heated in a
malic acid solution (pH 4.3) for 60 min.
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Fig. 5. Gel-permeation chromatography of arabino-
galactan which was heated in a malic acid
solution

Column, Sephacryl S-400, 1.0X80cm. Arabinogalactan
was eluted with 0.1 M sodium acetate solution. Fractional
size was 3ml. —O -, non-heated arabinogalactan; - @ —,
arabinogalactan was heated in malic acid solution (pH 4.3)
for 60 min.

(Fig. 4).
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Table 3. DEAE-Toyopearl chromatography of the mixture of
water soluble extract and oxalate soluble extract from
raw apple and a baked apple

Raw apple Baked apple
Eluate

Rate (%) Rate (%)
0.05 M phosphate buffer solution ND 4.5
0.20 M phosphate buffer solution 0.9 ND
0.25 M phosphate buffer solution ND 1.1
0.30 M phosphate buffer solution 6.0 6.9
0.35 M phosphate buffer solution 59.1 76.6
0.40 M phosphate buffer solution 5.5 10.9
0.60 M phosphate buffer solution ND ND
0.10 M sodium hydroxide solution ND ND
0.50 M sodium hydroxide solution 28.5 ND

The mixture of water soluble extract and oxalate soluble extract was
soponified in 0.1 M sodium hydroxide solution for 60 min in ice water,
then neutralized with 0.1M phosphoric acid to pH 6.0 and was
chromatographed. ND, not detected. Rate (%) was calculated using the
values of pxg/column. *, the apple was baked at 160-190C for 60 min.

Table 4. Thiobarbituric acid reaction of apple pectin and citrus pectin

Optical density/Gal A (mmol)

Raw apple pectin
Baked apple pectin

Raw apple pectin, boiled in malic acid solution (pH 4.3)

Citrus pectin, no heating
Citrus pectin, boiled in malic acid solution (pH

Citrus pectin, boiled in phosphate buffer solution (pH 6.99)

4.25)

1.57
4.81
ND
4.66
9.32
81.0

Apple was baked at 160~-190°C for 60 min. Boiling time in malic acid solution and phosphate buffer
solution was 60 min. Gal A, galacturonic acid residue.
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Fig. 6. Cryo-scanning electron micrographs of the tissues of raw and baked apples

CW, cell wall; ML, middle lamella.
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