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Abstract: 1. Developmental changes in starch properties of 9 plant species. Developmental changes in starch
properties of 9 plant species (taro, Chinese yam, arrowhead, kiwi fruit, potato, squash, chestnut, Chinese rad-
ish and ginkgo nuts) were examined. By Scanning Electron Microscopy, the particle size of starch granules of
the nine plant species were found to increase during the early developmental stage. The amylose contents of
starch granules of the nine plant species tended to increase during the early developmental stage. X-ray dif-
fractograms of starches could be divided into those showing pattern changes (taro, Chinese yam, chestnuts
and ginkgo nuts), A-type pattern (arrowhead) and B-type pattern (kiwi fruit, Chinese radish, potato and
squash) throughout development. The initiation temperature for gelatinization of taro, Chinese yam, arrow-
head, Chinese radish and chestnut starches tended to be lower in the later stage of development than in the
earlier stages. The initiation temperature for gelatinization of kiwi fruit, ginkgo nuts, potato and squash
rarely changed throughout development. 2. Some properties of various starch granules. The mean particle
size of konjac, taro, takenokoimo and bamboo shoot starch was 1.2-1.3, 1.4, 2 and 3.7 um, respectively, being
very small. The susceptibility of their starch granules to hog pancreatin was very high. The amylose contents
of takenokoimo and taro starches as determined by the enzyme-chromatographic method were 10.8 and
13.5%, respectively, being very small. In contrast, the amylose contents of saffron, arrowhead and azuki bean
starches were 29.2, 29.2 and 30.4%, respectively, being very large. The initiation temperature for gelatiniza-
tion of katakuri and takenokoimo starches by photopastegraphy and differential scanning calorimetry were
44, 46.8°C and 73, 76°C, respectively. The former was the lowest, and the latter was highest. 3. Observation of
various starch granules by Scanning Electron Microscope (SEM) and field emission scanning electron micro-
scope (FE-SEM). On SEM starch granules in the slices of konjac bulbs (Zairai, Akagi and Haruna) were
found to be polygonal in shape. In particular, the small polygonal granules in slices of Zairai were assembled
like a soccer ball. The appearance on the surface of sotetsu trunk starch granules attacked by pancreatin was
quite similar to that of normal maize starch granules. By FE-SEM observation, a string with the width of 20
nm was found on the surface of taro starch granules. 4. Gelatinization and swelling of starch as seen on imag-
ing. Under a polarized-light microscope, the appearance of gelatinization and swelling of katakuri and potato
starch and starch granules in slices of azuki bean cut by microtome was recorded with a video camera; then
the video was edited to a speed 9-12 time faster to demonstrate the progression of changes in the image.
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Fig. 1.

Scanning Electron Photomicrographs (SEM) of starch granules in lyophilized-slices of developing Chinese yam tubers.

Tubers harvested on 1) June 14; 2) July 12; 3) July 26; 4) August 23; 5) September 20; 6) October 18; 7) November 15.
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Fig. 2. Developmental changes in average granular size of kiwi
fruit starches.

@, Bruno; A, Hayward; ll, Abbot.
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Fig. 3. Developmental changes in average granular size of squash
starches.

@, Ebisu; A, Kogiku (Plants flowered on June 30); M, Kogiku
(Squash harvested on August 11).

UV (Fig.2), 7747, B, Vx AL EBLOARF v
WA (Fig. 3) T, M EY, HEKROBIOF VS~
WIEEFTICLAHELREZTIALNZ 2> /2. Fig. 2
WZFTA TN =V BB OV AEE AT B> TRLT.
FA 7N — Y EHOFIRARIT TV — /T 3.8-11.5 um,
ANA T — KFT44-130pum, 7R Y b T4469um T, =
NoEEFHRPNICALE, 70— /1310/11, ~NA 7T —
K12 9/26 T THEBIZONTKRKEL o2y, ZDHkidH
WA L7z, RESPEFIA T N—Y (Th—7, ~A
7= F) O&EFHROBREETIEL, 6/30I12i 1% DT
RolzbDL72wIZi#inL, 8/31 TIE# 3%, 9/30 T



Physicochemical Properties of Various Starch Granules 49

—_ = = NN
~ [==] © o -_—
L L L

Amylose contents (%)

—_
(=]
I

—_ -
L ol
I

98 916 9722 9.729 1076
Days of harvest

811 825
Fig. 4. Developmental changes of the amylose contents in chestnut
starches by amperometric titrimetry.
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Izumo; l—M, Fukunami; ©—@®, Tsukuba; O---O, Ginyose; @@,
Imakita; A-—-A, Otomune; A---A, Taziri-ginyose; ll---M, Ishizuchi.
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Table 1. Developmental changes of distribution of isoamylase-debranched materials
of chestnut starches (Tanzawa, Tsukuba and Ginyose).

Fr. 1 Inter. Fr. Fr. 11 Fr. 111 Fr. 111/

(%) (%) (%) (%) Fr. II

Tanzawa 8/11 16.5 45 22.6 56.4 2.50
8/25 19.1 4.0 225 54.4 2.42

9/8 17.0 49 23.5 54.6 2.33

9/16 19.2 6.6 24.6 52.5 2.43

9/22 20.9 4.2 224 52.5 2.34

9/29 20.8 5.3 23.4 50.0 2.15

Tsukuba 8/25 16.8 6.7 21.1 55.3 2.62
9/8 17.5 6.5 22.0 54.0 2.46

9/16 18.9 5.8 22.0 53.3 2.43

9/22 19.1 7.2 23.6 50.1 2.13

9/29 22.8 4.8 24.1 48.3 2.00

Ginyose 8/25 17.0 4.4 212 57.4 2.70
9/8 16.6 7.4 24.1 51.9 2.16

9/16 16.8 6.7 24.4 522 2.14

9/22 18.2 7.2 24.7 49.9 2.02

9/29 194 5.3 255 49.8 1.95
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Table 2. Developmental changes of X-ray diffraction patterns of chestnut starches.

8/11 8/25 9/8 9/16 9/22 9/29 10/6
Tanzawa Cb Ca Ca Ca Ca Cb
Ibuki C Cb
Yamato-wase Ca Cb Cb Cb
Izumo Ca Ca Cb Cb Cb
Fukunami Ca Ca Cb B B
Tsukuba Ca C C Cb B
Ginyose Ca Ca Ca Cb Cb
Imakita C C Ca Cb Cb B
Otomune C Ca Ca Cb B
Taziri-ginyose Cb Ca Cb Cb B
Ishizuchi C Cb Cb Cb Cb
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Fig. 5. Developmental changes in the initiation temperature of gelatinization of Chinese yam starches seen on photopastegraphy.

¥, soil temperature; (®, seed tuber. Tuber weight: O, A=500 g; @, 500 g>B=300g; A, 300 g>C=100g; A, 100g>D=50g; [J, 50 g
>E=10g; M, F<10g.

Table 3. Some properties of various starch granules.

Average Digestion of various starch Initiation temperature for
granular ranules by pancreatin*’ elatinization ("C) Amylose X-ray
Starch size™? g y P 8 contents diffraction
(um) 5h (%) 24 h (%) Photopaste™* DSC** Fr. 1 (%)**  pattern
Konjac 1.2-1.3 128-138 85-95 62-64 62.7-67.7 18.5-19.4 A
Taro (Ishikawawase) 1.4 103 98 62 65 13.5 A
Taro (Takenokoimo) 2 98 98 73 76 10.8 A
Bamboo shoot (Moso bamboo) 3.7 123 114 56.7 56 23 Ca
Saffron 9.7 64 100 59.5 65 29.2 Ca
Loquat seed 9.5-12.6 72.4-90.1*' 85.9-92.4 50.8-57.7 22.4-28.6 Cb or C
Kuzu 10.6 50 81 58 60.3 21.3 Ca
Ginkgo nut 124 26.5 46 67.7 69.6 25.6 Ca
Ginger 13.1 32 59 67 — 24.2 C
Sotetu (trunk) 13.2 49 83.7 58.5 63.1 23.2 A
Wasabi 13.4 49 78 56 55.2 22.1 B
Maize 13.6 100 100 58 64 23 A
Hishinomi 14.0 48 71 66.2 70.5 23.8 Ca
Sweet potato 14.2 58 88 60 66.3 21.9 C
Arrowhead 14.5 87.2 97 61 67.4 29.4 Ca
Tochinomi 14.5 48 71 559 58.7 259 Cb
Chinese yam (round-type) 16.8 17 26 63 65 242 C
Chinese yam (long-type) 18.8 11 18 65 66 26.1 Cb
Katakuri 19.9 54 91 44 46.8 22.6 B
Lotus 32.7 40 64 53.5 58.6 21.3 Cb
Azuki bean (Akanedainagon) 34.2 120 92 52 54.4 30.4 Cb
Potato 354 0 8 62 65.2 24.6 B

*!3 h. **Average granular size as judged on the particle size distribution. ** Results are expressed as percentage relative to normal maize
starch (normal maize=100). ** The initiation temperature for gelatinization by photopastegraphy. ** The initiation temperature for gelatiniza-
tion by differential scanninng calorimetry. ** The amylose contents by enzyme-chromatographic method.
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Fig. 6. Scanning Electron Photomicrographs (SEM) of starch granules in lyophilized slices of konjac.
1-4, Zairai; 5-6, Akagi; 7-8, Haruna.
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Fig. 7. SEM of starch granules of sotetsu (trunks) and normal maize with or without attack by pancreatin.
1-7, Sotetsu; 1) native; 2) 12.2% degradation; 3) 13.7% degradation; 4) 24.7% degradation; 5 and 6) 37.4% degradation; 7) 73.5% degra-

dation; 8) normal maize, 72.4% degradation.
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Fig. 8. Field emission Scanning Electron Photomicrographs of taro
starch granules.
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