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Ajuopn] 2FFE Agidln SEoATARR Y Algtol
Aol g8 o, WESS Blua P9 wEHE &
E59) varogye s du el A A E ARGt 18
T owol= AlTES FHORRE PRIsl] AN
dolAtiujolr|e] Bl 3. 3U7F welrR]l Holdv]E
=AAZ A BT 01gol S0mM malate-50 mM NaCl-2
mM CaClL-3mM NaN,(pH 52) 1 miE H7lste] A4 2
A7 Bet A8 FE315, 10,000 pmlE YRS 3 Fe
AENS crude o-amylase EABOE BEE, o] AL Fae] 7]
ZAgol(x=4: 4mM BPNPG, o-glucosidase 2 units,
glucoamylase 2 units)? E§F81] 40°CoNA ¥FEAIZL ¥ 1%
Trizma base 1miE 718k 410nmelAe] ODE =733,
o-amylase BJE/g flour =410 nmol A2} ODX0.09552] 2]
X ARSI o, o-amylase 1 unites ‘3719 27
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A 127 1umot®] PNPGE X7l 849 golt}. &
F 347 WorFl WoldnlE FAAR AR BT 0.1 g9 100
mM malate-1 mM EDTA-1 mg/m/ BSA-30mM NaN,(pH 6.2)
°] B-amylase & buffer 1 miE F718l] Aol 247 &
et Fg 223512, 10,000 pmOE YAET 3 Fo] S
crude B-amylase Ao B 3L, o]ZAL <F 50080 3)4Ixz]
g|ollof] FEFe] 714 gH(ZA; SmM BPNPG,, a-glucosidase
20 units)?} Egsled 40°CollX] ¥E3AIZ] & 1% Trizma base 3
mlE A7181] 410nmellAe] ODE £33, B-amylasedAd
/g flour =410 nmO|A 2] ODX 447.59] o] 2lalia AAlals
o0 olw), B-amylase 1unite 7]l ZAdA 1E74)
1umol®] PNPG5S FEXl7le &40 ooltt.

ARANES A, 2o} & wdol HAvE 72z} 50mM
LiOHI A 14A17F ZAAAZ & Bixpapdz F7A Zdopa
isoamyl alcohol, acetone, ethyl alcohol®] A2 Gz 2 =z
2 BEE AANL B2 F A F, AR JAES Ao
FANAA HAAClE Y] BkslHA] AMEEISIT)

HE-L AAYS. ARAIZE [N NaOHe| s &2
53} A7 &, acetic acid 2 F3AA, AR 1mg? 1% L-
10% KI 02miE 3715l AR AAAN Egd=Alol ¢
g4 500 nmell A FE 700 nm 7HRQ) FHEE 49l
™, 680 nmollA 9] FBER H7ME AR vugozn F
F AREA T ofdZ 2 chain®] Zo] L gHge] o)
£ vkt

ARG ¥=F AEo] £X vz, HAEAE 30mge IN
NaOHol| ¢Jsllq gzl 38 A7)13 3170 ¥, isoamylase
(EC 3.2.1.168, Sigma) 750 units H73}o] 40°ColA] 24A417F wh
A oEN HEEAe] xu7ie] A JeESA ¥,
o] golof] JEE(FF)S Fvlstd &4 uke-S B84 A
715 ARz oM HAEEA F o-1,64FS Vs
71 debranched HE-58& At} o233 debranched HEE
Az 2= AkEdole] £X5 #43)7] 984 Tosoh TSK-
gel G2000PW(7.5X 300 mm)2F G3000PW(7.5X 300 mm) 27}E
A2 columng AHESE, 88w 0.1M A4tbuffer(pH
6.00.02% NaN,-1.5% CH,CN, chart speed; 1 mm/min,
running time; 30 min®] 74 HPLC chromatograms 2zt
deth ExT A& EAEE pullulan standard(Shodex
standard P-82, MW: 112,000, 22,800, 5,900) ¥ ethylenglycol

Table 1. Changes of diastatic activity for 3 days germination

MW: 62)Z marker® AME3l] 243190

AR Glucoamylased] 2% 7EsE =, AR A=
100mgS 04M acetate buffer(pH 4.8)% FEM|A  glaucoamylase
(BC 3.2.1.3, Sigma) 35units& - A7Fsle] 37°Collx] wkg-3t3itt.
shgA o RE] 100 A FAH R HFste] I Al ¢
slo] 7RREl Wbl A} HEo] RS I v,
total sugar®] -2 phenol-H,SO 22, 18|31 7|5E3)= o]
FEEE glucose?] FHS glucose-oxidase peroxidase HO %
72y 4] JieRsl =g A=t

ARYAL] 3P vl AAFAKEZA (DSOE ARS8t
o, gFn)Faol] ARy E©2)2] HIER "ol 25°CelM 95°C
7H] 10°C/min®. 2 &2 W2 DSC thermogram S EHE] &
3t M RE, 33 AU, 33 42 ¥ 33} dEHE
ZAZA NS SIS = 8

e Tt

dolo]] W& Acfufjoln] FFe JIRAE Bl Ayl
o] 4FF0F 747k 33U WOAA o]E9] ol wWE A
B 7R 84S vk YA o-amylase®t B-amylase
o] A& 7 vlawEigitt. Wold] wWE o]E Adjuloln] &
28] vRZo R Al Mok Gl7|E) ¥ ANkES] A
2 3PEE AMSSIGITE Table 19014 & 4 SUEo] 3YUzF ol
Azl W9 oramylase] BAE IEFHE A% Hopsh )%
g x|, FEFH T AT Holrr) S4do] E9kom, A
tufjobn] FFEL FE00 Aole oy ZEF vIES
FAGle] gt FFE BEot 3T 53] s Aol e} 4
AzAdEioln]|9] gl 3U7F WolrZl T2 o-amylase]
2Ado] F33] mobA Hlas}l Wotrtt of vl Fxe] 24
< YRR At oo HIEiA B-amylase®] 73-9-= AthHl
oEFEC] YREFTEN HElA, 2E|a Y FFETE
H FEE9] @4o] & A Jout vzl ol Hls)
M 433 e 848 el ATt

olgfgt AF}ER mlFo] & W, Ak AF A=A BHE
o] Hsgog= Arjufjohn|d-S wola|Zl A2 dolATtujo}
W7 A0 R AEE 4 gl AREHA, B3goR
© GA| wolof] HIgjA HYekA] e K dirh. ARp wolel
WE B-amylase®] /0] T FF9 AL st it

Diastatic activity

Rice varieties

a-Amylase (units/g-flour) (%)

B-Amylase (units/g-flour) (%)

Malt 0.945 £ 0.050 100 537.0£4.518 100 -

Normal type (non waxy rice) 0.962 + 0.064 102 135.9+£2.745 253"
Whachung-ge” 1.865 £ 0.163 197 170.1+£2.339 31.7

Nampung-ge 1.233+0.024 131 151.1+0.358 28.1
Normal type (waxy rice) 1.293 £0.140 137 161.3 +£2.804 30.0
Whachungchal-ge 1.430 £ 0.062 151 2222 +2.043 414
Shinsunchal-ge 1,870+ 0.026 199 214.2+2.339 39.9

Dge means giant embryonic rice
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Table 2. Amylose contents and wavelength in A, of iodine absorption of starches in endosperm mutants of rice

Rice varieties Blue value (A680 nm) A (M) Absorbance at A,
Normal type (nonwaxy rice) N 0.509 3850 0.492
P y I3 0.249 600.0 0.418
Whachung-ge" N 0332 5835 0.430
G 0215 590.0 0381
Nammoun N 0249 571.0 0353
pPing-ge G 0.240 590.0 0368
Glutinous type (waxy rice) N 0.119 3360 0.293
s ype twaxy G 0.203 5300 0.342
Whachungehal-ge N 0.079 5325 0232
G 0224 530.0 0344
N 0078 532.0 0.231

Shi .

insunchal-ge G 0.172 5300 0332

Dgiant embryonic rice, Znot germinated rice, Ygerminated rice
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71 column®l 254 HPLCE A8k, HPLC chromatogram
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Table 3. Varietal differences in chain length distribution of rice starches debranched by isoamylase

Chain length distribution (%)

Rice varieties Fr.1 Fr. II Fr. 111 Fr. IV Fr. v
(Mw=22560)  (225605Mw=11280) (11280>Mw=5640) (5640>Mw=>2444) (Mw<2444)
(Dp=132) (132>Dp=66) (66>Dp=33) (33>Dp=14) Dp<13)
Nommal , N? 10.7 £ 0.08 34310.19 5.17+0.73 426+0.16 3734097
ormal type (non waxy rice) 138£024 2.86+0.08 145 £0.06 53.0+0.17 28240.14
Whachunese? N 6.0210.18 6.49+0.18 7124063 57.740.87 22.6+0.44
&8 G 119 0.11 5.66+0.20 1344 0.06 619+0.15 17.4+0.04
N N 458+ 0.05 5.83+0.03 . 981005 5594021 2384039
ampung-ge 143 +0.09 497 +007 1594021 60.1 £0.10 176 +0.11
Glutinos , N 424027 1.63+0.10 5.57+0.63 22+172 44.8+021
utinous type (waxy rice) 3 2.18%0.09 2.98%0.07 13.940.04 586+ 0.16 2244005
Whachumschabee Y 9731028 37510.17 6.89 % 0.58 36.5+ 033 43.1+0.41
gehakee g 172+ 0.09 419+ 0.04 17.1+0.05 5174002 253+ 0.09
Shinsunchal N 403+0.11 1.95+021 707+ 1.18 £23+152 446+ 154
msunchal-ge g 124 +0.04 324004 11.8 £ 0.06 5154584 353+0.85
Ygiant embryonic rice, *not germinated rice, *germinated rice
Table 4. Time course of degradation of starch granules by glucoamylase
. o % of hydrolysis
Rice varieties -
5 mins 30 mins 60 mins 120 mins
Nommal , N 1154+ 0.570 30.99 + 1.07 60.25 + 1.55 7881%4.34
ormal type (non waxy rice) 5 10.51 +0.385 30.59 + 0.262 5825 £ 0.486 77.40 % 0.205
Whachunese? N 11.23 %0700 3177+ 142 65.74£4.07 92.02+3.75
&8 G 8.17%1.16 232240419 56.93 + 0.491 66.16 % 0.545
N N 10.84 + 0.467 32.06 + 2.80 68.93 + 1.49 94.51+4.07
ampung-ge 9.87 +0.047 2594 +0455 56.57+0.414 62.43 + 1.54
Glut , N 12.44 +0.14 31.02 £ 2.04 67.60 + 2.69 90.98 033
utinous type (waxy rice) 5 12.79 + 0.640 3023 £0.109 66.85 % 1.44 90.20+ 1.30
Whachmechaiee 958+ 0.668 2514+ 427 5435+ 1.15 6829+ 2.49
gehakge g 10.06 + 0.424 30.42 +0.131 63.87 £ 0.992 87.57 +0.278
Shinsunchal N 10.19% 1.13 27.67+1.12 66.61 % 3.88 70.23 + 5.48
msunchal-ge g 12.85+0.967 32.62 + 0.068 6277+ 0.574 87.58 +0.277

Ygiant embryonic rice, “not germinated rice, Ygerminated rice
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Table 5. Heat of gelatinization and endotherm characteristics of starch granules

Rice varieties To" (°C) To? (°C) To” (°C) AHY (callg)
Normal type (10n waxy rice) N© 63.00 68.46 88.42 1.74
P y G 59.17 66.83 7921 260
Whachungge® 62.55 67.12 78.45 325
G 57.81 65.02 77.10 255
Nemunese N 65.44 71.69 83.54 274
pung-£e g 58.87 64.32 73.70 237
Glutinous type (waxy rice) N 64.28 72.30 88.0 255
P y G 59.57 64.94 79.0 2.49
Whachungehabge 64.95 70.51 83.59 2.69
G 59.49 62.24 77.30 2.20
shinsunchaiee N 65.38 70.61 83.44 239
e 5837 6327 7218 . 2.10

Don set temperature, “max. peak temperature, *completion temperature, YAH: enthalpy

dgiant embryonic rice, “not germinated rice, "germinated rice
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Amylolytic activity and Properties of Starch Granules from the Giant Embryonic Rices
Mi-Young Kang, Yun-Ri Lee and Seok Hyun Nam'* (Department of Food Science and Nutrition, Kyungpook
National University, Daegu 702-701, Korea; 'Department of Biological Science, Ajou University, Suwon 442-749,

Korea)

Abstract: Rice seeds of 4 cultivars including Whachung-giant embryonic rice and Nampung-giant embryonic rice,
as a group of the non-waxy rice cultivars, and Shinsunchal-giant embryonic rice and Whachungchal-giant embryonic
rice, as that of the waxy rice cultivars, were germinated at 27°C for 3 days to compare the changes in some physico-
chemical properties of the starch granules and the starch-hydrolysing enzyme activities during germination,
respectively. o-Amylase activity of rices germinated for 3 days found to be higher than that of malt. Especially,
Whachung-giant embryonic rice and Shinsunchal-giant embryonic rice were greater in activity than other rice
cultivars and possessed the activities double that of malt. In contrast, $-amylase of germinated rice found to be
considerably less active than malt, although the giant embryonic rice group showed prevalent activity as compared
to the normal rice group. With the starch granules, the amount of long glucose chains from amylose molecules were
reduced in the non-waxy type giant embryonic rices, while the chain length increase was found in the waxy type
giant embryonic rices. For the distribution profile of the glucose chain length from amylopectin molecules, we could
observed that the chain length with DP (degree of polymerization) ranged 33 to 66 and 14 to 32 increased with the
decreasing rate of that above 67 and below 13 regardless of starch waxiness. With non-waxy type of giant embryonic
rices, susceptibility for glucoamylase were found to reduce along with germination, however, increase in susceptibility
was observed with waxy rice types. In addition, we found the reduction in both initiation and termination

temperature, and enthalpy for gelatinization.

Key words: germination, giant embryonic rice, starch hydrolysis enzyme, amylose, amylopectin, gelatinization

characteristics
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