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Abstract: Various physicochemical properties were investigated to assess the potential of starches from the re-
siduoal crude drugs after extraction. The powdered crude drugs (C) differed from each other in harvest time
or district of cultivation. Starches (S) were prepared from tubers of Pinellia ternate (Thunb.) Breitenbach
(PT), rhizomes of Alisma orientale Juzepczuk (AQ) and seeds of Coix lacryma-jobi Linné var. ma-yuen Stapf
(CL). C-PTs, C-AOs and C-CLs contained 41.1-77.5, 12.5-40.5 and 1.5-5.8% starch, respectively. S-PT, §-AQ)
and S-CL granules measured were 8.2+0.2-16.0£0.4, 6.1+£0.2 and 11.5:0.4-13.5:0.4 [un, respectively, in aver-
age diameter. S-PTs, S-AOs and S-CLs were classified as Ca-type. The amount of P in S-PTs, S-AOs and S-
CLs was 62 330, 93-110 and 75-210 1g/g, respectively. That of Ca was 320-530, 48-260 and 18-33 jg/g, re-
spectively. S-PT-1, S-AO-2 and S-CL-2 showed endothermic curves from 67.3 to 85.0, 58.9 to 84.2 and 39.2 to
81.0°C, their enthalpy being 3.4£0.3, 4.2+0.0 and 4.5+0.2 J/g, respectively. S-PT-1, S-A0-2 and 8-CL-2 are ex-
pected to he available for starch gelatinized at low energy. The digestibility of raw S-PTs, S-AQOs and S-CLs
by c-amylase was 35.3+2.4, 38.3+2.3 and 62.2+5.2%, respectively, at 72 h. The main oligosaccharide products
from the raw starches (digestibility: S-PT-1, 2.4%; S-AQ-2, 5.8%; S-CL-2, 7.1%) digested by c-amylase were
maltotriose (35.8-40.0%) and maltose (35.8-42.8%). The main product [rom the starches (digestibility: S-PT-
1, 48%: S-A0-2, 12.1%; S-CL-2, 18.7%) digested by glucoamylase was glucose (97.6-99.5%). The digested S-
PT-1, 8-AO-2 and 8-CL-2 granules (digestion time, 1 h) were roughly eroded by c-amylase all over the sur-
face and the starches digested by glhicoamylase maintained their original form with a few fine grains on their
surface. A few granules of S-CL-2 digested by glucoamylase lost their original form. The 5-PT-1(A), S-AQ-2
(A) and S-CL-2(A) digested by a-amylase arc expected to be available as an adsorbent, because of their po-
rosity. The results of gelatinization temperature and enthalpy suggest that the thermostability of §-PT-1, S-
A0O-2 and 5-CL-2 digested by ci-amylase was higher than that of the starches digested by glucoamylase.

Key words: pinellia tuber starch, alisma rhizome starch, coix seed starch, physicochemical property, digesti-

bility by amylase

The traditional Chinese herbal remedies Pinellia Tuber,
the tuber of Pinellia ternara (Thunb,) Breitenbach (PT),
Alisma Rhizome, the rhizome of Alisma orientale
Juzepezuk (AO) and Coix Seed, the seed of Coix lacryma:
Jobi Linné var. ma-yuen Stapf (CL), have been used as a
stomachic, a diuretic and an antifebrile anodyne antiphlo-
gistic agent, respectively. They are the most useful crude
drugs in traditional Chinese medicine. In 2001 and 2002,
guantitative imports of PT, AO and CL totaled 250, 200
and 6972 to 8693 tons, respectively.” CL has been con-
sumed abundantly as a raw material for health teas in re-
cent years, The adsorption of water” and dyes” by crude
drug starches of PT, AO and CL has also been investi-
gated. PT, AO and CL starches were superior to potato
starch in the capacity to adsorb anionic methyl orange at

" Corresponding  author (Tel. +81-6-6721-2332, Fax. +81-6—
6730-1394, E-mail: k-boki @phar.kindai.ac.jp).

Abbreviations: PT, tuber of Pinellia ternata (Thunb.) Breit-
enbach; AQ, rhizome of Alisma orientale Juzepczuk, CL, seed
of Coix lacryma-jobi Linné var. ma-yuen Stapf: DSC. differen
tial scanning calorimeter; SEM, scanning electron microscape; C,
powdered crude drug; S, starch,

25°C." The physicochemical properties of starches from
AO cultivated in Japan have been examined.”

Crude drugs have been utilized as a raw material for
extracts and in powdered form. The purpose of this study
was Lo make profitable the use of starch after extraction
of the active ingredients of the crude drugs PT. AO and
CL, as well as Panax ginseng C.A. Meyer (PG) and
Panax notoginseng (Burk.) F.H. Chen (PN).” This paper
reveals physicochemical properties such as particle size
distribution, crystalline structure, gelalinization property,
mineral content and digestibility by ot-amylase or gluco-
amylase, which are essential to any application. The SEM
observation of the starch before and after amylase diges-
tion can provide information on the starch granular struc-
ture by enzymatic treatments. The physicochemical char-
acteristics of PT, AO and CL starches were examined.

MATERIALS AND METHODS
Materials. Tubers of Pinellia ternata (‘Thunb.) Breit-

enbach (PT), rhizomes of Alisma orientale Juzepczuk
(AQ) and seeds of Coix lacryma-jobi Linné var. ma-yuen
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Stapt (CL) were purchased in November 2000 and 2001
from Fukuda Ryu Co,, Ltd. (Osaka, Japan). The PTs, AOs
and CLs were: PT-1 (number of spherical wbers per unit
dried weight, 1400 1600 grains/kg, Sichuan, China, har-
vested in Oct. 1998), PT-2 (2700-3000 grains/ke,
Guizhou, China, harvested in Oct. 1999), PT-3 (3000 or
more grains/kg. Guizhou, China. harvested in Feb. 1999),
PT-4 (700~800 grains/kg. Sichuan China, harvested in
Oct. 1998). AO-1 (Sichuan, China, harvesied in Dec.
2000), AO-2 (Sichuan, China, harvested in Apr. 1998),
AQ-3 (Sichuan, China, harvested in Aug. 1998), AO-4
(Sichuan, China, harvested in Mar. 2001), AD-5 (Sichuan,
China, harvested in Feb. 1998), CL-1 (Guizhou, China,
harvested in Apr. 1998). CL-2 (Thailand, harvested in
Apr. 1998) and CL-3 (Thailand, coated with astringent
skin, harvested in Apr. [998). Enzymes, o-amylase and
glucoamylase, and all other reagents were the same as
those used previously.” Glucoamylase from Aspergillus
niger (EC 32.1.3; 53 U/mg protein, 13 mg protein/mL;
assay, spectrophotometric stop rate determination method.)
was purchased from Sigma Chemical Corporation ST.
Louis, MO, USA. The enzymes were used without further
purification or enzyme assay. PT-1. AO-2 and CL-2
starches were the same samples used in adsorption experi-
ments.™” In this study, they were particularly used in DSC
analysis, SEM and determination ol vligusaccharide prod-
ucts present after digestion by amylase.

Methods. The powdered crude drugs (C) and their
starches were prepared as described in a previous paper.”
DSC analysis, SEM. X-ray crystallography. and analyses
of the components of crude drugs. distribution of particle
size, inorganic elements of crude drug starches, digestibil-
ity of raw starch by a-amylase. and oligosaccharide prod-
ucts present after digestion by o-amylase or glucoamylase
were conducted as deseribed in a previous paper.”

RESULTS AND DISCUSSION

Components of powdered crude drugs.

The typical components of dried powdered crude drugs
(C) PT, AO and CL were examined (Table 1). C-PTs
contained a large amount of starch (41.1-77.5%) and
crude protein (5.5 7.0%). The number of spherical tubers
per unit dried weight (grains/kg) of PTs, as shown in
Table 1, ranked in decreasing order as follows: PT-3, PT-
2, PT-1 and PT-4. The amount of starch in C-PTs did not
correlale with tuber grain size. C-AQOs contained 12.5-
40.5% starch and 21.8-25.1% crude protein. The starch
yield of AO cultivated in Japan was approximately 14%
of the fresh tissue. C-CLs contained a small proportion,
1.5-5.8% starch, 15.3-15.9% crude protein and a large
proportion, 8.4-13.0% crude fat. C-PTs, C-AOs and C-
CLs contained 0.6+0.2 to 1.2+0.1% crude fiber, less than
(3.3-4.3%) Panax ginseng C.A. Meyer (PG) and Panax
notoginseng (Burk.) F.H, Chen (PN)." It was obvious that
the starch contents in C-PTs, C-AQOs and C-CLs differed
by the harvest time or the district of cultivation.

Physicochemical properties of starch.
The size distribution of particles is shown in Fig. 1.
Low und high peaks of PT starch granules were observed

Table 1. Components of powdered crude drugs PT, AO and CL.

Powdered  Loss on Crude Crude Crude Starch
crude drug  drying fat protein fiber
sample (%) (%) (%) (%) ()
PT-1 1.2 0.6 7.0 1.2 775
rr-2 11.1 0.4 5.3 1.1 41.1
PT-3 1.8 0.5 3.6 1.4 72.7
PT-4 11.4 0.5 6.0 1.2 63.8
Mean£SD  11.4+0.3 05201 60+0.7 [2+0.1 63.8+16.1
AQO-1 6.4 5.1 25.1 0.8 34.0
AQ-2 8.1 53 21.8 1.6 12.5
AO-3 6.6 4.1 225 0.9 o352
AQ-4 7.1 5.0 23.8 1.0 40.5
AO-S5 15 4.7 24.0 ]:2 25.0
MeanSD  7.1+0.7 48+035 234+13 1103 274+106
CL-1 9.9 8.4 15.3 0.4 1.5
CL-2 9.1 11.5 159 0.7 5.8
ClL-3 84 13.0 155 0.7 33
Mean+SD  9.1+0.7 11.0£2.3 155203 0.6+02 3.5+2.2

PT, tuber of Pinellia rerneta (Thunb.) Breitenbach; AQ, rhizome
of Alisma orvientale Iuzepczuk; CL, seed of Coix lacrvma jobi
Linné var. ma-yuen Stapf; PT-1 (number of spherical tubers per
unit dricd weight, 1400-1600 grains/kg, Sichuan, China, harvested
in Oct. 1998); PT-2 (2700-3000 grains/kg. Guizhou, China, har-
vested in Oct. 1999); PT-3 (3000 or more grains/kg, Guizhou,
China, harvested in Feb, 1999); PT-4 (700-800 grwns/kg, Sichuan.
China, harvested in Oct. 1998). AO-1 (Sichuan, China, harvested in
Dec. 2000); AO-2 (Sichuan, China, harvested in Apr. in 1998);, AQ
3 (Sichuan, China, harvested in Aug. 1998); AO-4 (Sichuan, China,
harvested in Mar. 2001); AO-5 (Sichuan, China, harvested in Feb.
1998). CL-1 (Guizhou, China, harvested in Apr. in 1998); CL-2
(Thatland, harvested in Apr. 1998); CL-3 (Thailand, coated with as-
tringent skin. harvested i Apr. 1998).

in the range of 0.5 to 3 wm and of 3 to 40 Wm, respec-
tively. Particles ol PT-4 starch had an average diameter of
16.0+0.4 um, being twice as large as those of P1-2 starch
(8.2£0.2 um) and PT-1 and PT-3 starches (9.6+0.0 um).
Particle sizes of five kinds of AO starches were distrib-
uted in the same range, 2 to 15 pum, without particles of
20 wm or larger, The average diameter was 6.1+0.2 um.
The average diameter of starch from AQO cultivated in Ja-
pan was approximately 4.7 um.” The particle sizes of
starches from AOs harvested in a different month or year
at Sichuan, China were all the same, being 1.3 times as
large as that” of starch from AO harvested at Japan.

One high and two low peaks of CL starch granules
were observed in the ranges of 3 to 30, 0.5 to 3, and 35
to 100 wm, respectively. The modal diameters of CL-1,
CL-2 and CL-3 starches were 11.35, 13.98 and 13.98 um,
respectively (Fig. 1), however, the average diameters of
CL-1, CL-2 and CL-3 starches were 12.6+0.2, 13.5£0.4
and 11.5£0.4 pm, respectively. It was concluded that the
particle sizes of starches from PTs and CLs differed by
the harvest time or the district of cultivation.

PT-1, AO-2 and CL-2 starches alone were observed by
means of SEM (Fig. 2). The granular sizes of S-PT-1, S-
AO-2 and S-CL-2 were approximately 7-11, 4-6.5 and 6—
IS pum, respectively. S-PT-1, §-AOQ-2 and S-CL-2 gran-
ules broke into pieces when they were being prepared.
and displayed irregular shapes, that is, oval and spherical
(Fig. 2). Rounded humps in oval form were observed on
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Fig. 1. Particle size distribution of PT, AO and CL starch gran-
ules.

For abbreviations see Table 1.

the oval body surface of S-AO-2 and S-CL-2 granules.
Granules with small hollows on their surface were also
observed in the S-CL-2 preparation, The starch of AO has
been reported to be similar in shape to that of sweet po-
tato.”

In the X-ray diffractograms (Fig. 3), PT, AO and CL
starches all had a sharp peak 3, peak 4 with two 4a and
4b peaks and a sharp peak 6. Since the three definite
peaks 6a, 6b and 6¢ were not observed in Fig. 3, they
were classified as type Ci.” AO starch had been reported
to be type C.” (a mixture of 80% type A and 20% type
B)_fr:

Mineral contents of PT, AO and CL starches were
measured (Table 2). The amounts of P in PT, AO and CL
starches were in the range of 62 to 330, 93 to |10, and 75
to 210 pg/g, respectively. The amount of P in starch of
AO cultivated in Japan has been reported o be 210 pg/
g," being 2 times as much as that (104+8 pg/g) in AO
starches harvested in China. The amounts of P in PT and
CL starches differed by the harvest time or the district of
cultivation. The amount of Ca in PT, AO and CI. starches
was in the range of 320 to 530, 48 to 260. and 18 to 33
ug/g, respectively. That the amount of Ca (43998 pg/g)
was large in comparison with amounts of other minerals
contained in PT starches can be explained by the coexis-
tence of raphides of calcium oxalate and starch particles

in mucous cells of PT.” A positive correlation (p<0.01)
was obtained between the Ca and Mg contents in AQ
starches, indicating that Mg may be taken in proportion-
ately with the amount of Ca taken up by AQ starch while
alismatis rhizoma grows in soil.

The gelatinization properties of undigested starches are
shown in Table 3. PT-1, AO-2 and CL-2 starches ai the
gelalinization temperature were in the same range of those
of sweet potato starches” or endosperm starches of rices.”
However, in enthalpy they were very much lower (3.4 o
4.5 J/g) than those (13.4£0.9 J/g, n=30) of sweet potato
starches” or those (11.8+1.2 J/g, n=65) of endosperm
starches of rices.” It is expected that PT-1, AO-2 and CI.-
2 starches will be available for starch gelatinized at low
energy.

Digestibility of raw starch by co-amylase, thermal

praperties of digested starch and composition of oligo-

saccharides after digestion by o-amylase or glucoamy-
lase.

The digestibility of PT, AO and CL starches by «-
amylase was measured al 37°C 1o estimate the susceptibil-
ity 1o oc-amylase of the raw starch contained in granules,
pills or tablets” prepared from both the powdered crude
drug and its extract (Fig. 4). The digestibility of PT and
CL starches increased gradually reaching limits of 33—
38% (35.3+2.4%) and 56—65% (62.2+5.2%), respectively,
at 72 h. On the other hand, the digestibility of AQ
starches Increased uniformly up to 25%, and then ap-
proached 35-41% (38.322.3%) al 72 h. CL starch was
most susceplible o o-amylase, followed by AQ starch
and then PT' starch, It was concluded that the raw starches
from PT and AO were not available for the vehicle in
granules, pills or tablets, because of low digestibility,

From observations made by SUM (Fig. 2), it was found
that the exterior of S-CL-2(A) granules was more roughly
eroded by o-amylase than that of S-PT-1(A) or S-AO-
2(A) granules, with many holes of 1 um or less observed
on the irregular surface. No negative correlations were ob-
served between digestibility by a-amylase at 72 h (Fig. 4)
and average granular size (Iig. 1) or AH (Table 3), which
is inconsistent with results published previously

A suspension of starch digested by an enzyme consists
of water-insoluble residue and water-soluble oligossaccha-
rides."” The thermal properties of Lhe water-insoluble resi-
due after attack by o-amylase were measured (Table 3).
The endothermic curves of the digested PT-1, AQ-2 and
CL-2 starches shifted slightly to higher temperatures and
their enthalpy decreased 1/2 to 4/5, compared to that of
the raw starches. Monma ef al'' reported that starch
granules are basically made of the susceptible part and the
less susceptible part against amylase digestion, Noda et
al.” indicated that the higher the content of crystalline
structure, the lower the digestibility by amylase. Since the
digested starch was largely composed of the part less sus-
ceptible to amylase digestion,'" that is, the crystalline
part,” it was suggested that the onset temperature (7o) of
the digested PI-1, AO-2 and CL-2 starches had been
shifted higher. The PT-1(A), AO-2(A) and CI.-2(A)
starches digested by o-amylase were observed to be more
porous by o-amylase (Fig. 2), like the digested starches
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Fig. 2. Scanning electron micrographs of PT-1, AO-2 und CL-2 starches and the same sturches digested by o-amylase or glucoamylase for

1 h

SPT 1, undigested PT 1 starch; S PT-1(A). PT-1 starch digested by ot-amylase for | h; S-PT-1(G). PT-1 starch digested by glucoamylase
for 1 h; §-AQ-2, undigested AQ-2 starch: 5-A0-2(A), AQ-2 starch digested by a-amylase for | h; 5-A0-2(G), AQ-2 starch digested by glu-
coamylase for 1 h; §-CL-2. undigested CL-2 starch; S-CL-2(A), CL-2 starch digested by a-amylase for 1 h: S-CL-2(G), CL-2 starch digested

by glucoamylase for | h

from roots of PG and PN.” We suggested that the de-
crease in enthalpy had been mainly caused by the porosity
of the digested starch. The digested PT-1(A), AO-2(A)
and CL-2(A) starches are expecled to be available as an
adsorbent, because of their porosity.”

The types and composition of oligosaccharide produced
by o-amylase were examined in order to investigate the

water-soluble products from different kinds of starches
(Table 4). The total amount of oligosaccharide from each
of the PT-1, AO-2 and CL-2 starches was 594.8, 457.1
and 704.7 ug, respectively. Maltose or maltotriose was the
most abundant (35.8-42.8%), followed by glucose (5.0-
6.0%), maltotetraose through maltoheptaose (1.4-5.8%)
and isomaltose (1.1-2.0%). The result of products by o-
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Fig. 3. X-ray diffractograms of PT, AO and CL starches.

For abbreviations see Table 1. The numbering is based on a ref-
erence.”

Table 2. Mineral contents of PT, AD and CL starches.

Mineral content (pg/g)

Starch
sumple P K Na Ca Mg
PT-1 330 2.1 4.8 390 29
PT-2 150 94 7.1 530 48
PT-3 62 S92 9.8 320 92
PT-4 110 39 9.6 500 52
Mean+SD  163+117 50+3.1 8§0+2.4 439x98  55x27
AO-1 110 20 34 54 32
AQ-2 110 51 9.8 48 34
AO-3 110 43 6.2 260 150
AO-4 97 23 6.3 B6 38
AO-3 93 34 2.0 120 60
Mean+SD  104+8 38«16 5.5£3.0  114#£87  62+50
Cl-1 75 25 86 33 14
(1.2 210 1.6 5.4 18 22
CL-3 140 13 18 19 25
Mean+SD 142468  6.0£6.3 11.0x6.5 2348 20+6

For abbreviations see Table 1.

amylase suggested that types and compositions of oligo-
saccharide from 3 kinds of starches were almost the same,
being independent of the origin of the starches,

The thermal properties of the water-insoluble residue
after attack by glucoamylase were measured (Table 3).
The endothermic curves of the PT-1. AO-2 and CL-2

Table 3.  Gelatinization properties of PT-1, AO-2 and CL-2
starches digested by c-amylase or glucoamylase.

Starch To Ty Vi3 AH
sample (‘) o) ('C) (1/2)
Undigested
PT-1 67.30.1 73.320.5 85.0£0.4 34103
AO-2 58.9+3.9 70.1£1.7 84.220.5 4.220.0
CL-2 59.2+].8 68.240.3 81.0+0.7 4.5+0.2
Digested by o-amylase®
PT-1 71.3x0.1 77.2+0.4 90.0x0.4 2.8+03
AO-2 69.0£0.1 75.220.1 84.310.5 20203
CL-2 67.2+0.3 752403 87.4x0.2 2.420.1
Digested by glucoamylase™™
PT-1 69.60.6 74.2+0.1 79.540.2 3.9+1.1
AG-2 67.2+0.6 70.9+0.1 75.3+0.1 1.9+1.0
CL-2 68.5+0.1 72.3+0.1 78.2+04 1.4+0.3

To (°C), onset temp.; Tp ('C), peak temp.; Ty (‘C), final temp.; AH
(J/g), cnthalpy. Values arc meanszSD (n=3). *Digested by -
amylase for | h at 37°C (digestibility: PT-1 starch, 2.4%; AO-2
starch, 5.8%; CL-2 starch, 7.1%). *"Digested by glucoamylase for
| h at 37°C (digestibility: PT-1 starch, 4.8%; AO-2 starch, 12.1%;
CL-2, 18.7%).

Digestibllity (%)
8

Digestibillty (%)

Digestibility (%)

n 1 1 il i i i |
0O 10 20 30 40 50 40 70 80
Time (h )
Fig. 4. Digestibility of PT, AO and PN raw starches by o-

amylase.

For abbreviations see Table 1. The digestibility was caleulated by
dividing the amounts of reducing sugars (mg) formed in the elapsed
time from 50 mg of raw starch. The digestibility of PT, AO and CL
raw starches was 35.3x2.4, 38.3+2.3 and 62.2+5.2%. respectively at
72 h.



246 J. Appl. Glycosci, Vol. 53, No. 4 (2006)

Table 4. Types of oligosacchandes produced from PT-1, AOQ-2
and CL-2 sturches by o-amylase.

Amount of oligosaccharide (lLg)

Oligosaccharide
PT-1 AO-2 CL-2
Maltoheptaose (G-T)  8.3( 14%)  9.9( 22%) 17.5( 2.5%)
Maltohexaose (G-6)  26.7( 4.5%) 16.0( 3.5%) 41.2( 5.8%)
Maltopentaose (G-5)  23.9( 4.0%) 13.3( 2.9%) 36.0( 5.1%)
Maltotetraose (G-4) 2040 3.6%) 14.5( 32%) 29.3( 4.2%)

Maltotriose (G-3)
Maltose (G-2)

213.0(35.8%) 182.9(40.0%) 271.8(38.6%)
254.3(42.8%) 192.6(42.1%) 252.6(35.8%)

Isomaltose (iso-G-2) 11.1( 1.9%) SAC L1%)  14.4( 2.0%)
Glucose (G-1) 36.1( 6.0%) 22.8( 5.0%) 41.9( 6.0%)
Total 594.8 457.1 704.7

The solution of digestibility (PT-1 starch, 2.4%; AO-2 starch,
5.8%:; CL-2 starch, 7.1%) was used. The value in parcntheses is a
percentage of each oligosaccharide (G-1-G-7). G-2, 35.8-42.8%: G-
3, 35.8-40.0%; G-1+i50-G-2+G-4+G-3+G-6+G-7, 17.9-25.6%.

Table 5. Types of oligosaccharides produced from PT-1, AO-2
and CL-2 starches by glucoamylase.

Amount of oligosaccharide (pg)

Oligosacchande

PT-1 AO-2 CL-2
Maltoheptaose (G-7) 0.0( 0.0%) 0.0( 0.0%) 0.0( 0.0%)
Maltohexaose (G-6) 0.0( 0.0%) 0.0¢ 0.0%) 4.6( 0.53%)
Maltapentaose (G-5) 0.0 0.0%)  0.0( 0.0%) 0.0( 0.0%)
Maltotetraose (G-4) 2.2( 0.6%) 2.1( 0.3%)  4.7( 0.5%)
Maltotriose (G-3) 1.3 0.3%) 0.6( 0.1%) 3.2( 0.3%)
Maltose (G-2) 1.9C 0.5%)  0.8( 0.1%) 1.8( 0.2%)
Isomaltose (150-G-2) 3.8( 1.0%) 0.00 0.0%) 3.0( 0.3%)
Glucose (G-1) 368.7(97.6%) 671.4(99.5%) 992.4(98.2%)

Total 377.9 674.9 1009.7

‘The solution of digestibility (PT-1 starch, 4.8%; AO-2 starch,
12.1%:; CL-2 starch, 18.7%) was used. The value in parentheses is
u percentage of each oligosaccharide (G-1-G-7). G-1, 97.6-99.5%;
i50-G 2+G-24G-34G-44G-54G-6+G-7, 0.5-2.4%.

starches moved 1o higher temperatures following digestion
by glucoamylase. The gelatinization temperatures of the
starches after digestion by o-amylase were higher than
those after digestion by glucoamylase. The temperature
range of the endothermic curves was narrower after diges-
tion by glucoamylase (8 10°C) than after digestion by -
amylase (15-20°C). The PT-1 starch digested by gluco-
amylase did not differ in enthalpy from its raw form. The
enthalpy of the AO-2 and CL-2 starches decreased 1/3 to
1/2 on digestion by glucoamylase. The enthalpy of the
starches except P1-1 starch after digestion by (-amylase
were larger than after digestion by glucoamylase. The re-
sults of the gelatinization temperature and the enthalpy
suggest that the thermostability of the PT-1, AO-2 and CL-
2 starches digested by o-amylase was greater than that of
the starches digested by glucoamylase, being contrary to
the results of PG and PN starches.”

From observations made by SEM (Fig. 2), it was found
that the S-PT-1(G), S-A0-2(G) and S-CL-2(G) digested
by glucoamylase maintained their original forms with a
few [ine grains on their surface. A few granules of S-CL-
2(G) lost their original form. Very small pores were also
observed on the surface of S-CL-2(G).

The types and composition ol oligosaccharide produced

by glucoamylase were examined in order to investigate
the water-soluble products from three kinds of starches
(Table 5). The total amount of oligosaccharide from each
of the PT-1, AO-2 and CL-2 starches was 377.9, 674.9
and 1009.7 pg, respectively. Glucose was most abundant
(97.6-99.5%), while maltose through maltoheptaose were
detected in small amounts (0.5-2.4%). The types and
compositions of oligosaccharide from the 3 kinds of
starches were similar to that of PG-4 starch,” being inde-
pendent of the origin of the starches. Glucoamylase cuts
starch into glucose units from the non-reducing end. The
detection of the small amounts of maltose through malto-
heptaose and isomaltose suggested that the glucose resi-
due is slightly phosphor-esterified."

We thank Miss Saki Okunaka, Miss Hiroko Kanie, Miss Asako
Miyake and Miss Haruna Murase for their technical help.
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Pinellia Tuber, Alisma Rhizome and Coix Seed Starches

EBNY, B0y, 71 EROBROEMN

SHALEN, WIS, dehbigse

(577-8502 HAM b5 34 1)

TR ALY v S b
(5770807 HABTTZERT 4-1-19)
O MINRE IS T T BB oA NS 5+

L f2¥, B O IR T G ARE A RS gL
HiEFI & 2 WO B e 2 b O & Flv iz, s,
Pinellia ternata (Thunb.) Breitenbuch DI, 2\ 2 (P,
Alisma  orientale  Juzepczuk DHE, ¥ 7 2 ¥ (AO), Coix
lacryma-jobi Linné var. ma-yuen Stapf DfE [, 24 4 =
(CLyZ* & L /2. PT, AO, CL ¥ ERAEIZE, BH
A5 41.1-77.5, 1257405, 1.5-5.8% & F 4L TUr72(Table 1),
S-PT, S-AQ, S-CL O FHE T-FI1L 82+402-16.0£04, 6.1
02, 115#04-13.5404 um T & - 72(Fig. 1). S-PT, S-
AO, S-CL @ #k & ) [& CA ) T & o 7z(Fig. 3). S-PT, S-
AO, S-CL #HEFhobEa it 62-330, 93-110, 75210
ne/g, B o Lo 4 320-530, 48-260, 18-33 pg/g
Td o 72(Table 2). S-PT-1, S-AO-2, S-CL-2 @ M iifi &
(3 67.3-85.0, 58.9-84.2, 59.2-81.0°C O FEH A I % &
N, T ENE—UEFNFN34+03, 42400, 45027/
g THo/2(Table 3). Th 6 OMENII 2L F—Hi{7
S LTORMDSHIFECE A, LB S-PT, S-AO,
SCLDw-7 37 —HIZ k2 2B IBE L 353+
24, 3R3%23, 62.245.2% T& 2 72(Fig. 4). 0-T7 37 —¥
(S Egb e & & L 72 (50 | S-PT-1, 24% | S-AO-
2, 5.8% ,S-CL-2, 7.19%)F 7& #%§ 38 (3, = M 4E(35.8-40.0
%)t TN b — A(35.8-42.8%)TH - /=(Table 4). 7N aT
27— HIT K YR b HE R L2 R L S-PT-1, 4.8
% i S-AO-2, 12.1% : S-CL-2, 187%) Tl fils, YL o—
A(97.6-99.5%) C & = 7=(Table 5). S-PT-1, §AO2, S$-CL-
2IE, | BEMAMHE, T 3T —FBIT Lo THFORTS
AL REINLS, FvaTid—EIlkaTi
Rz L &b THE PRI BRAF L Twi, 8-
CL2DH TS, a7 3iF7—FIrLaTEDERE
KoTwH DL ALNT(F 2). -7 S F—HI2k D
SIS L7 S-PT-1(A), S-AO-2(A), 5-CL-2(AME, ZILf:
D ZNRA R S L TOFFBMETE 5Fig 2). #k
ML E T PO —DFENS, a7 ITF—HIZLoT
STz SPT-1, S-AO-2, SCL2DKEH, F Va7 3
T=HIZLBbD LN, REREROFNT EHHEEX
#L/z(Fig. 2, Table 3),
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