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Varietal Variation in Structure and
Physical Characteristics of Rice Endosperm Strach

Mi Young Kang** and Hae Chune Choi***

ABSTRACT : Varietal difference in structural and physical characteristics of rice starch and
interrelationships between these starch properties and the physicochemical components of rice
grains were investigated for twenty four rice varieties, which were considerably different in amyl-
ose content, gelatinization temperature and gel consistency, to obtain the basic informations for
diversifying the utility of rice grains and for developing various rice cultivars adaptable to rice
food processing.

Wave length of maximum absorbance for blue color reaction of starch-I= complex was 520nm for
glutinous rice and 560~600nm for nonglutinous rice. The higher amylose rice showed the longer
wave length but there was considerable difference of the wave length among rice materials with
similar amylose content. Varietal difference in frequency distribution of debranched starch
molecules by isoamylase hydrolysis was largest in amylose fraction, the longest fraction(Fr. 1),
and was next bigger in intermediate fraction(Int.Fr.) and the ratio between short and long glu-
cose chain of amylopectin fraction(Fr. Il /Fr.1I). The Fr.l /Fr. I ratio was higher in glutinous
rice than in nonglutinous one but it was considerably different among nonglutinous rice varieties
without any connection with amylose content. .

The lower alkali digestible rice showed the longer half-hydrolysis time in acid solution. Both
soft and hard gel rice varieties in gel consistency test revealed significant varietal difference of
50% acid hydrolysis time. The harder rice in gel consistency exhibited the less frequency of short
branch fraction of amylopectin(Fr 1) and the higher amylose content,

Twenty four rice varieties were cleary classified by upper two principal components contracted
from structural or physical traits of rice starch and some physicochemical properties of rice grain
by principal component analysis. The 1st and 2nd principal components can be characterized to
components related with amylose and amylopectin structure respectively.

Key word : Rice, Grain quality, Starch structure, Amylose, Amylopectin, Acid hydrolysis.
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Table 1. Classification of rice materials by amylose content, alkali digestion value and gel consist-

ency
Amylose Gelatinization temperature Gel consistency Corresponding variety
O(Waxy) L-M VL Hangangchalbyeo, Shinseonchalbyeo
- L L VL-L Yonjubyeo, Jungweonbyeo
(<20%) M VL-L Odaebyeo, Chucheng
H VL-L IRAT 177, Dobongbyeo
M L VL-L Chucheongbyeo, IR841-76-1
(21-25%) L H Suweon 230
M VL-L AC 27
H M IR41999-139-1-1-2-3
H L VL 1R31432-6-2-1-3
(26%<) L M Suweonjo, Chokoto
L H IR 44
M L San Li Cun
M M Chickudu
M H Suweon 232
H VL-L Hanyangjo
H M Pusa—33-30

[Note] Gelatinization temperature : L : Alkali digestion value (ADV) 6-7, M : ADV 45, H : ADV 1-3,
Gel consistency : VL : 81-100mm, L : 61-80mm, M : 41-60mm, H : 21-40mm
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Fig. 1 Varietal difference in blue color spec-
trum of starch—I2 complex along with
wave length of colorimeter.

Refer to the variety name with No, in
Table 6.
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Table 2. Varietal difference in wave length of
maximum absorbance and blue value
by colorimetric measurement for
starch-Iz complex blue color

Wave length of maximum gy e

No Variety absorbance (Amax) value
Wave length Absorbance (620nm)

1 Hangangchalbyeo 522 0.170 0.0561

2 Chucheng 582 0.241 0.196

3 IRAT 177 573 0.225 0.173

4 Jungweonbyeo 563 0.246 0.187

5 Yongjubyeo 581 0.248 0.194

6 Odaebyeo 584 0.257 0.206

7 IR841-76-1 582 0.260 0.207

8 Hwaseongbyeo 585 0.263 0.220

9 Chucheongbyeo 582 0.267 0.215

10 IR41999-139-1-1-2-3 584 0.308 0.261
11 Suweon 230 591 0.255 0.223
12 AC 27 586 0.323 0.284
13 San Li Cun 586 0.320 0.282
14 Chokoto 595 0.340 0.312
15 Suweonjo 599 0.348 0.329
16 Pusa-33-30 600 0.350 0.317
17 IR 44 597 0.311 0.285
18 Chickudu 595 0.339 0.317
19 Suweon 232 600 0.345 0.326
29 Hanyangjo 603 0.351 0.326
21 IR31432-6-2-1-3 599 0.402 0.376
22 Suweon 391 570 0.259 0.213
23 Shinseonchalbyeo 527 0.164 0.0517
24 Dobongbyeo 556 0.250 0.174

Blue value : Absorbance of starch-Iz complex blue
color at 620nm wave length.
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Fig. 2. Interrelationship between amylose con-
tent and wave length of maximum
absorbance of starch—I2 complex blue
color,

Refer to the variety number in Table 6.
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Table 3. Varietal difference in amylose content and frequency distribution of debranched starch
molecules along with glucose chain length, hydrolyzed by isoamylase

Variet Amylose content Distribution of glucose chain length (%) Fr.l /Fr. 1
ariety .
(%) Fr. 1 Int.Fr. Fr. 1 Fr.ll ratio
Hangangchalbyeo 0.0 3.19 5.13 18.7 73.0 3.9
Chucheng 16.9 11.3 5.93 18.6 64.1 3.5
IRAT 177 17.0 11.4 2.70 21.0 64.0 3.0
Jungweonbyeo 17.8 16.0 7.48 20.2 56.4 2.8
Yongjubyeo 18.0 16.1 5.8 27.1 51.0 1.9
Odaebyeo 19.0 12.3 6.51 20.2 61.9 3.0
IR841-76-1 20.6 17.1 4.39 23.6 54.8 2.3
Hwaseongbyeo 20.9 18.9 5.41 18.3 57.4 3.1
Chucheongbyeo 21.2 16.9 4.45 16.4 62.3 3.8
1R41999-139-1-1-2-3 23.7 22.6 6.30 18.7 52.4 2.8
Suweon 230 23.7 18.4 4.77 14.5 62.4 4.3
AC 27 25.2 20.7 5.85 20.3 53.2 2.6
San Li Cun 26.2 20.7 7.40 15.9 56.0 3.5
Chokoto 26.7 21.4 8.30 18.3 52.0 2.8
Suweonjo 27.1 35.0 8.29 14.7 42.0 2.9
Pusa-33-30 27.8 24.5 4.27 15.1 56.2 3.7
IR 44 28.4 29.2 4.08 14.7 44.2 3.5
Chickudu 28.5 20.8 3.58 20.4 55.3 2.7
Suweon 232 29.2 21.8 7.37 24.1 46.7 1.9
Hanyangjo 29.5 26.1 4.94 12.5 56.5 4.5
IR31432-6-2-1-3 321 36.1 8.43 15.8 39.7 2.5
Suweon 391 20.8 16.3 7.28 17.9 58.5 3.3
Shinseonchalbyeo 0.0 0.21 2.88 19.2 77.7 4.1
Dobongbyeo 15.1 14.0 6.15 16.9 63.0 3.7
Refer to note in Table 4.
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Table 4. Varietal variation in strach structure
and physical characteristics of rice

grain

Character Mean Standard Coefficients Range
deviation of variation(%)

Amax(nm) 580.9 21.1 3.6 522-603
Blue value 0.239 0.082 342 0.052-0.376
Reaction time for 78.5 9.7 12.4 64-99.6
50% acid hydrolysis
(hrs.)
Fr. 1(%) 18.7 8.3 44.4 0.2-36.1
Int. Fr{%) 5.7 1.7 29.6 2.7-8.4
Fr. 1(%) 18.9 35 18.7 12.5-27.1
Fr. (%) 56.3 8.8 15.6 39.7-77.7
Fr. I /Fr. lratio 3.08 0.69 2.4 1.9-4.5

[Note] Amax: Wave length of maximum absorbance
of starch-I» complex blue color,
Blue value: Absorbance of starch-I: complex
blue color at 620nm wave length,
Fr. ] :Amax above 620nm, (longest glucose
chain length)
Int. Fr:600< Amax<620nm, Fr. II :540< dmax <
600nm,
Fr. MM :Aimax below 540nm (shortest glucose
chain length).
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Table 5. Correlation coefficients among various characteristics relevant to starch structure or
physics and physicochemical properties of rice grain

Correlation Correlation
Relevant characters coefficients Relevant characters coefficients
A-max— Blue value 0.917** Amylose content — —0.587*
» — Amylose content 0.957** Gel consistency
»=Pr. 1 0.825** ADV—ADV difference b /w 0.635**
» —Fr. 1 —0.806** high &low conc.
» —Gel consistency —0.573** 50% acid hydrolysis— ADV —0.743*
Blue value — Amylose content 0.970** — ADV difference —0.673*
» —Fr. I 0.919** b /w high&low conc.
- —Int, Fr. 0.423** Fr. I —Int. Fr. 0.444*
- —Fr. —0.847** -Fr. I —0.918**
. —Gel consistency —0.550** -Gel consistency —0.488*
Mg /K ratio—Int. Fr. 0.419* Int. Fr.—Fr. [ —0.509**
. —Protein content 0.482* Fr. I =Fr. Il /Fr. 1 ratio —0.755**
Amylose content —Fr. 1 0.891** Fr. [l —Gel consistency 0.615**
- -Fr. 1 —0.854**

Refer to note in Table 4 o
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Significant at 5% and 1% level, respectively

Table 6. Figen value and its contributions to
total variation in four upper principal
components contracted from physico-
chemical properties of rice grain and
starch structure or physical charac-

teristics
Principal 1st 2nd 3rd 4th
components principal  principal  principal  principal
component component component comopnent

Item (Z1) (72) (Zs) (Z4)
Eigen value 5.201 3.096 1.762 1.422
Contribution(%) 37.15 22.11 12.58 10.16
Cumulative 37.15 59.26  71.84 82.00
contribution(%)
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£1(Z) 3 $2(Z:) Rl A
H(1Y 4) A= °]'“\’=_]i—"—‘-§}o o} ol = HE

o T 2 ALY TEAC] MY FFEYT
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Table 7. Correlation coefficients between physicochemical or structural properties of rice grain and

principal components

\ Principal 7 7 7 7 Cumulative
Varialble component ! : 3 4 contribution
A-max 0.888** —0.089 0.051 —0.218 0.846
Blue value 0.940™ —0.240 0.088 -0.027 0.950
Amylose content 0.936** -0.177 0.082 —0.162 0.940
Akali digestion value 0.279 0.768** 0.173 0.403 0.860
50% acid hyrolysis —0.038 —0.772* —0.348 —0.159 0.774
Fr. I 0.917* —0.153 0.239 0.064 0.926
Int. Fr. 0.343 —0.071 —0.245 0.826** 0.865
Fr. I -0.174 0.563** —0.738** —0.2%4 0.978
Fr. Il —0.930** —0.111 0.103 —0.052 0.891
Fr. Il /Fr. 1 ratio —0.361 —0.540* 0.699** 0.132 0.928
ADV difference b /w 0.245 0.782** 0.065 0.209 0.719
high&low conc,
Gel consistency —0.691** —0.131 0.219 0.289 0.626
Protein content 0.226 —Q.511* —0.314 0.214 0.426
Mg /K ratio —0.047 —0.525* —0.531** 0.476* 0.786
Refer to note in Table 4.
Acid hydrolysis (%) 72
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Fig. 4. Varietal difference in acid hydrolysis of

rice starch along with treatment time.

Refer to the variety number in Table 6.
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Fig. 5. Distribution of rice varieties on plane of

1st and 2nd principal components con-
tracted from structural or physical
characteristics of rice starch and some
physicochemical properties of rice grain
by principal component analysis.

2 Wikl Aol g il TS HRE atsd
=3 2t

& Bop-2-= 2B HAWEFagel 2
520nm, " 560nm~600nm7tA 24 opd R
& FEgo] ¥ FFYUTFE ZolAe AFol A
R H 8 oM 22 FEAME FF

wheh Ho) Faapgol cha zjol7t A




2. & E34 AR SFIALLBEET ¥

stH Fr. oA 718 & FF573 Xole UrE}
WA ooz Bpis#(Int. Fr). 3 Fr.
/Fr. [ #o A F523t 2pe]7} 27 WE}‘;&O‘#
53] olu 2 el o] imiEEE VYeElde Fr. 1
/Fr. 12 o] 8t & Ao
U A&t old 2 A% = AR F
F7r 2ol & eI,

. 4AE) REEV 9 EE2I4E BT Y
50% B MRS R 2 8A|Zo] Aon, #hgk
o] ES EET KEQY EFE EFA
50% B kR 2817k %%‘—7& ztolE 1}
eI EF gt HEL FESUSE
Fr. e 27 @ Fr. 19 £ s-l ol Z X
e B2 Aot

. AO] BRHEE 2 Wiy wol BALEMEA
o} FEaatol ot R MEES 6ER
oz S £ Qe ol FE ofdES

P8 o olu =Y EiEks ol wet BE
1t F At

51 B X &

. Juliano, B.O.(editor) 1985. Rice chemistry
and technology. American Association of
Cereal Chemusts, U.S.A. 774p

. Gunja-Smith, Z., J.J, Marshall, C. Mer-
cier, E.E. Smith, and W.J. Whelan. 1970
A revision of the Meyer-Bernfeld model of
glycogen and amylopectin. FEBS Lett.,
12: 101-106

. Hizukuri, S., Y. Takeda, and M. Yasuda.
1981.
and the action of debranching enzymes.
Carbohydr. Res., 94: 205-213

. Hizukuri, S. 1984. Estimation of the distri-
bution of molecular weight for amylose by

Multibranched nature of amylose

the low-angle laser-light-scattering tech-
nique combined with high-performance gel
chromatography. Carbohydr. Res., 134:1-

10.

1L

12.

13.

14.

—522—-

10

Takeda, C., Y. Takeda, and S. Hizukuri.
1983. Physicochemical properties of lily
starch. Cereal Chem., 60: 212-216

Suzuki, A., S. Hizukuri, and Y. Takeda.
1981. Physicochemical properties of Kuzu
starch, Cereal Chem., 58:286-290

Hizukuri, S. 1986. Polymodel distribution
of the chain lengths of amylopectins and
its significance. Carbohydr. Res., 147:
342-347

Hizukuri, S., T. Kaneko, and Y. Takeda.
1983. Measurement of the chain length of
amylopectin and its relevance to the origin
of crystalline polymorphism of starch
granules. Biochem. Biophys. Acta., 760:
188-191

. Asaoka, M., K. Okuno, Y. Sugimoto, J.

Kawakami, and H. Fuwa. 1984. Effect of
environmental temperature during devel-
opment of rice plants on some properties
of endosperm starch. Staerke, 36:189-194
Ikawa, Y., M.Y. Kang, Y. Sugimoto, and
H. Fuwa. 1983. Some properties of star-
ches of job’s tears. J. Jpn. Soc. Starch
Sci., 30:5-12

Akai, H., K. Yokobayashi, A. Misaki, and
T. Harada. 1971. Structural analysis of
amylopectin using pseudomonas isoarmy-
lase. Biochem. Biophys. Acta., 252:427-
432

Tkawa, Y., D.V. Glover, Y. Sugimoto, and
H. Fuwa. 1981. Some structural characte-
ristics of starches of maize having a
specific genetic background. Staerke, 33:
9-13

Kang, M.Y., Y. Sugimoto, and H. Fuwa.
1985. Some properties of large and small
starch granules of barley endosperm.
Agric. Biol. Chem,, 19:1291-1297
Sugimoto, Y., K. Nishihara, M. Inoue, and



15.

16.

17.

18.

19.

20.

21

H. Fuwa. 1982, Some properties of starch
granules from different plant species. J.
Jpn. Soc. Starch Sci., 29:19-26

Inouchi, N., D.V.Glover, Y. Sugimoto, and
H. Fuwa. 1984. Developmental changes in
starch properties of several endosperm
mutants of maize, Staerke, 36:8-13
TEFER. 1973 B0 RE: 17-18, K
RE IS

Bailey, J.M., and W.]. Whelan. 1961.
Physical properties of starch. I.Relation
between iodine stain and chain length. J.
Biol. Chem,, 236:763-773

lkawa, Y. D.V. Glover, Y. Sugimoto, and
H. Fuwa. 1978. Amylose percentage and
distribution of unit chain length of maize
starches having a specific background.
Carbohydr. Res., 61:211-216

Banks, W., C.T. Greenwood, and D.D.
Muir. 1971. The characterization of srarch
and its components. I, The technique of
semi-micro differential potentiometric iod-
ine titration and the factors affecting it.
Staerke, 23:118-124

Banks, W., C.T. Greenwood, and J.
Thomson. 1959, The properties of amylose
the
subfractionation of
Chem., 31:197-213
Banks, W., C.T. Greenwood, and D.D.
Muir, 1974. A critical comparison of the

as related to fractionation and

starch. Macromol.

estimation of amylose content by colo-
rimetric determination and potentiometric

22.

23.

24.

25.

26.

217.

28.

—523-

titration of the iodine complex. Staerke,
26:73-78

Inouchi, N., D.V.Glover, T. Takaya and
H. Fuwa. 1983. Developmental changes in
fine structure of sarches of several endo-

sperm mutants of maize. Saerke, 35:
371-376
Banks, W., C.T. Greenwood, and D.D.

Muir, 1974. Studies on starches of high
amylose content ; part 17. A review of cur-
rent concepts. Staerke, 26: 289-300
Hizukuri, S. 1971. X-ray diffractometric
studies on starches. Agric. Biol. Chem.,
25:45-52

Kainuma, K. and D. French. 1971. Naegeli
amylodextrin and its relationship to starch
granule structure(I). Biopolymers, 10:
1673-1681

Kainuma, K. and D. French. 1971, Naegeli
amylodextrin and its relationship to starch
granule structure(II). Biopolymers, 11:
2241-2249

Robin, J.P., C. Mercier, R, Charbonnere,
and A. Guilbot. 1974. Lintnerized starches.
Gel filtration and enzymatic studies of
insoluble residues from prolonged acid
treatment of potato starch. Cereal Chem.,
51: 389-406
Biliaderis, C.G., D.R. Grant, and J.R.
Vose. 1981. Structural characterization of
regume starches (II), Studies on acid-

treated starches. Cereal Chem., 58:502-507



