Physicochemical Studies of Kuzu Starch
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ABSTRACT

The physicochemical properties of the starch of kuzu (a wild vine,
Pueraria hirsuta Matsum) were studied. The starch contains 21% amylose
and 124 ppm of phosphorus, which was almost exclusively in the
amylopectin. The B-amylolysis limits of the amylose and amylopectin were
76 and 57%, respectively. The average chain length of the amylopectin was
20.5, which was shorter than that (22.0) of potato amylopectin. The limiting
viscosity numbers of the amylose and amylopectin were 228 and 160 ml/g
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(in I M KOH at 22.5°C), respectively. These values were considerably lower
than those of potato amylose and amylopectin. The amylograph (6%) of the
starch showed a low maximim viscosity (245 BU), and the viscosity was
fairly stable during heating and cooling. Kuzu’s amylopectin may be more
resistant but its amylose less resistant to retrogradation than are those of
potato starch. Granules are of the C, crystalline type, similar to those of
sweet potato starch. :

Kuzu (Pueraria hirsuta Matsum) is a wild vine that grows in
central and southern Japan. This deciduous plant stores starch in
the roots in winter. The yield of starch is about 15% of the fresh
roots. Although production is only about 300 tons per year, the
starch is highly prized in traditional confectionery, the
manufacture of a kind of noodle, and cooking. It has been the
subject of only limited studies (Aoki and Tani 1975, Suzuki et al
1958) and has not been well characterized. The purpose of this
study was to examine in detail the structure and properties of the
starch.

MATERIALS AND METHODS
Materials
Kuzu and potato starch used in this study were produced in the
factories of Hirohachido-shoten (Kagoshima) and Hokuren
(Hokkaido), respectively, by similar processes. The starches were
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washed several times with distilled water and defatted by extraction
five times with 85% aqueous methanol for 4 hr under refluxing
(Schoch 1942). The nitrogen content of the kuzu starch was
0.016%. Fractionation of the starch into amylose and amylopectin
was done by the method of Lansky et al (1949) under a nitrogen
atmosphere to avoid oxidative degradation (Baum and Gilbert
1954, Cowie and Greenwood 1957b). The amylose was
recrystallized four times from hot 10% n-butanol by cooling under
nitrogen. The yields of amylose and amylopectin from the kuzu
starch were 17.5 and 67%, respectively.

B-Amylase was prepared by the method described previously
(Takeda and Hizukuri 1969) and recrystallized from aqueous
ammonium sulfate to provide stability during storage.

Crystalline isoamylase ( Pseudomonas), purified by the method
of Kato et al (1977) was a gift from T. Harada (Osaka University).

Chemicals were of the special grade of Wako Pure Chemical
Industries, Ltd., Osaka.

Methods

Iodine affinity was determined at 30°C by the amperometric
titration procedure of Larson et al (1953).

The absorption spectrum of the glucan-iodine complex was



TABLE 1
Properties of Kuzu Starch

Iodine Amylose Chain b
Affinity Blue Content B-Limit Length  F content(ppm)

Components (I2, mg/100 mg) Value (%) (%) dp’) Po Pé6
Starch 4.06 0.406 20.8,° 21.0° 65 26.5° 124
Amylopectin 0 0.135 57 20.4,20.5° 158 121
Amylose 19.5 1.41 76 10
*Degree of polymerization.
®Po = organic phosphorus, P6 = phosphorus bound at C-6 of glucosyl! residues.
‘From iodine affinity.
4From blue value.
¢ By rapid Smith degradation.
"By degradation with isoamylase.
measured in a solution (8mAM acetate buffer, pH 5.0, 100 ml) TABLE I
containing 4 mg of glucan, 8 mg of iodine, and 80 mg of potassium Characteristics of Iodine-Stained Potato and Kuzu Starches
iodide ina 10-mm cell, usinga Hitachi recording spectrophotometer. Potato Kuzu
Blue value is defined as the absorbance at 680 nm measured under Absorbance at Absorbance at
the above conditions. Amylose content was calculated from the Starch Amax” Amax
iodine affinity and/or blue value. Components (nm) Amax 680 nm (nm) Amax 680 nm

Nitrogen content was determined by a micro-Kjeldahl method Amylose 656  1.56 1.49 656  1.43 1.41
(Bailey 1967). Amylopectin 560 0.350 0.193 556 0.240 0.135

Phosphorus content was determined as inorganic phosphate by Starch 598 0545 0473 616 0477  0.406

the method of Fiske and Subbarow (1925) after treatment with hot
perchloric acid (Allen 1940). Ester phosphate positioned at C-6 of
the glucose residues was estimated by the method described
previously (Hizukuri et al 1970).

B-Amylolysis was performed at 30° C in 50m M acetate buffer (3
ml), pH 4.8, containing 3 mg of starch or its components and 150
wmole/min of sweet potato B-amylase. The hydrolysis reached a
maximum value after 20 min of incubation and maintained it for 6
hr.

Isoamylolysis was conducted for 3 hrat 50° C in 22.7m M acetate
buffer (2.75 ml), pH 3.5, containing 25 mg of amylopectin and 2.1
pmole/ min of crystalline Pseudomonas isoamylase. The reducing
value due to the hydrolysis was constant in the incubation for
0.5-5.0 hr. The reducing value equivalent to that of glucose was
determined by Somogyi-Nelson’s method (Nelson 1944, Somogyi
1952), but heating was with Somogyi reagent for 30 min as
described elsewhere (Hizukuri et al 1970).

The average chain length of amylopectin was determined by
rapid Smith degradation (Hizukuri and Osaki 1978) and hydrolysis
with isoamylase. The latter was done_under the described
conditions and degree of polymerization (dp) was calculated from
the reducing value equivalent to glucose and total carbohydrate
measured by the Anthrone-H,SO4 method (Koehler 1952).

The distribution of the chain length of debranched amylopectin
was examined by gel-filtration. Immediately after the isoamylolysis,
the reaction mixture (7 mg/ml) was applied to a column (2.6 X 100
cm) packed with Bio-Gel P-30 and eluted upwards with distilled
water. The flow rate was maintained at 40 ml/hr and fractions of 5
ml were collected. The column was maintained at 50 * 0.5° C by
circulating water.

The degree of gelatinization (DG) was estimated by
glucoamylase digestion (DG-g) and iodine titration (DG-i) as
described previously (Suzuki and Hizukuri 1979). One gram of
starch was suspended in 19 ml of water, and the suspension was
heated in a water bath at several temperatures for 20 min with
gentle stirring. The DG-i value is specific for amylose.

The limiting viscosity number [n] was measured in 1M KOH,
using an Ostwald viscometer at 22.5°C. Dry specimen was
dissolved in 1M KOH at room temperature in a Potter
homogenizer.

Amylograms were taken with a Brabender amylograph (Type
DC 3, 700 CM/GRS). The temperature was raised or lowered at
1.5°C per min. The maximum temperature of 92.5°C was
maintained for 15 min.

X-ray diffraction was conducted with an X-ray diffractometer
(Rigakudenki Model 17-3P). The operation conditions were as
described elsewhere (Hizukuri et al 1980).

*Maximum absorption wavelength.

RESULTS AND DISCUSSION

The general properties of kuzu starch and its components are
summarized in Table .

Structure of Amylose

The amylose content of kuzu starch was determined to be 20.8
and 219% from the iodine affinity and blue value, respectively. These
values agreed well with that (20.2%) reported by Aoki et al (1975).
The iodine affinity (19.5) and B-amylolysis limit (76%) of kuzu
amylose imply that it has similar properties to that from other
sources (Banks and Greenwood 1975). The incomplete hydrolysis
with B-amylase suggests the presence of a few branch linkages in the
amylose (Banks and Greenwood 1966, 1967; Kjg¢lberg and
Manners 1963) and studies on the branched structure are under
way. The starch contained 124 ppm of organic phosphorus but the
amylose contained only 10 ppm. The light absorption spectra of
jodine-stained solutions of kuzu and potato amyloses were almost
identical (Table I1). The [n] of kuzuamylose in I M KOH at 22.5°C
was 228 ml/g (Fig. 1). This value corresponds to 1,700 dp according
to the formula: dp = 7.4[n] (Cowie and Greenwood 1957a,
Greenwood 1970). The [n] of kuzu amylose appears to be about
half the size of that of potato amylose, which is [n] =435 ml/g.

Structure of Amylopectin

The iodine-amylopectin spectrum of kuzu differed considerably
from that of potato amylopectin (Table 1I). The lower Amax and
absorbance at Amax and 680 nm of kuzu amylopectin compared to
the values for potato amylopectin suggest that the chains of the
former are shorter than those of the latter. This was confirmed by
the determination of chain length; that is, dp of kuzu and potato
amylopectins were 20.5 and 22.0, respectively. The phosphorus
content of kuzu amylopectin was 158 ppm, which was
approximately one fourth that of potato amylopectin (604 ppm).
Most of the phosphorus (77%) was bound at C-6, and the rest of the
phosphorus was assumed (it was not examined) to be located
mainly at C-3 as reported in potato amylopectin (Tabata and
Hizukuri 1971). The [n] of kuzu amylopectin (160 ml/g, in 1M
KOH at 22.5°C) was lower than that of potato amylopectin (224
ml/g)asshown in Fig. 1. This suggests a lower molecular weight of
kuzu amylopectin or a more spherical molecule with a more
compact structure.

To characterize the distribution of chain length of the
amylopectin, it was debranched completely with Pseudomonas
isoamylase and was subjected to gel-permeation chromatography.
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The resulting elution pattern showed that the chains were
composed of three fractions, Fi, F2,and F3, in order of elution (Fig.
2). The dp of F, was 91 and the dp of the peak fractions of F,and Fs
were 51 and 16, respectively. F,, occasionally observed by other
workers, has been considered to be an incompletely debranched
material (Gunja-Smith et al 1972, Lii and Lineback 1977). In the
present experiment, F, contained 44% of the phosphate ester in the
original amylopectin. This fraction may contain a small amount of
undebranched material but we think it is mainly composed of linear
phosphorylated molecules. Phosphorylated chains prepared by
debranching potato amylopectin are essentially linear dp = 42,
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Fig. 1. Determination of the limiting viscosity numbers of kuzu and potato
amylose and amylopectin. O = kuzu amylose, 0 = kuzu amylopectin, Bl =
potato amylose, ® = potato amylopectin,
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Fig. 2. Bio-Gel P-30 gel filtration pattern of debranched kuzu amylopectin,

showing elution fractions F\~Fi. ® = Degree of polymerization (DP), o0 =

carbohydrate, as glucose.
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Takeda and Hizukuri 1980), and they eluted much faster than the
corresponding neutral saccharides of similar dp from a column
packed with either Bio-Gel or Sephadex. Debranched waxy rice
starch containing a trace amount of ester phosphate (Tabata et al
1975) gave only faintly observable F,, whereas the debranched
potato amylopectin gave a remarkable amount of it (Takeda and
Hizukuri 1978).

Structure of Granules

Figure 3 shows a photomicrograph of kuzu starch. Spherical,
hemispherical, and polygonal granules up to 30 um in diameter can
be seen, and the average granule size is approximately 15 um in
diameter. The X-ray diffraction pattern of kuzu starch was the C
type, which resembled the type A rather than the B; very weak 15.8,
6.3, 4.0, and 3.7 A diffraction lines were observed which is
characteristic of the type B pattern (Fig. 4). Previously, Hizukuri
and Nikuni (1957) reported that kuzu starch produced in Nara was
a typical type C (a mixture of nearly equal amounts of types A and
B). The crystalline structure of the starch used in this study seems to
be shifted slightly toward type A, presumably because it was grown
at the higher temperatures of southernmost Kyushu. The type C
starch is highly susceptible to environmental temperature, as
indicated in the starches of soy bean (Hizukurietal 1961, 1965) and
sweet potato (Nikuni et al 1963).

Pasting Properties

Kuzu starch showed a fairly stable paste viscosity during both
heating and cooling in a Brabender amylograph (Fig. 3),
confirming the results of Aoki and Tani (1975). The viscosity was
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Fig. 4. X-ray powder diffractogram of kuzu starch,




low (maximum viscosity 245 BU at 6% concentration) compared to
that of the starches of tubers and roots. The pasting temperature
was 70° C under the test conditions. The profile of the amylogram
differed from those of potato and tapioca starches. The amylogram
of kuzu starch during the heating was similar to that of wheat
starch, having a low and stable viscosity. 3-Methyl-1-butanol (3-
MB) had little influenced on the viscosity of kuzu starch and
lowered the pasting temperature to 65.5° C (Fig. 4). This response
to 3-MB is similar to that of sweet potato starch but differs from
those from wheat and potato starches. A pasting in 5% aqueous
3-MB causes a marked increase of viscosity of wheat and other
cereal starches (Hizukuri and Takeda 1978), a considerable
decrease in viscosity of potato and lily starches, and almost no
change for sweet potato starch.’

Figure 6 shows the temperature-dependent pasting measured by
the DG. The pasting started approximately at 45° C and progressed
slowly up to 55°C and then rapidly up to 70°C. The pasting was
notable only for DG-g at the onset (45°C), suggesting that the
amylopectin played a leading role in the pasting. This has been
observed in other starches—wheat, corn, potato, and sweet potato,
but not rice (Suzuki and Hizukuri 1979, Takeda and Hizukuri
1974). At higher temperature (above 50°C), amylose and
amylopectin appear to be pasted simultaneously, since DG-g and
DG-i were nearly the same value. This pasting behavior is
characteristic of kuzu starch and differs from that of potato, sweet
potato, corn, and wheat starches, which show considerably larger
DG-g than DG-i during heating (Takeda and Hizukuri 1974).

Retrogradation

The progress of retrogradation of the pastes of kuzu and potato
starches on aging at 0° C was examined comparatively (Table I1I).
The decrease of DG was rapid within the first hour and then
became slow in both pastes. Kuzu starch paste showed a lower
retrogradation tendency for DG-g than did potato starch paste;
however the kuzu was higher for DG-i. This suggests that kuzu
amylopectin is more resistant to retrogradation but the amylose is
less resistant than that of potato starch. The shorter chain length of
kuzu amylopectin than of potato may be the reason for the lower
retrogradation tendency. The higher retrogradation tendency of
kuzu amylose may be because of the smaller size (Lansky et al
1949). According to Whistler (1953), larger molecular weight
amylose retrogrades more slowly, presumably because of steric
effects resulting from the more coiled or convoluted structure. The
relationship between branched structure and its retrogradation
behavior should be examined in further studies because amylose
appears to have a minor degree of branching (French 1975).

In a previous paper (Suzuki and Hizukuri 1979), we suggested
that cooling aqueous pastes of potato starch for a short period
caused some strong molecular associations of amylose that were
not fully reversed upon heating at 100° C. This is worthy of study in
connection with confectionery and noodle manufacture in which
kuzu starch is preheated and cooled and then heated or steamed

’S. Hizukuri and C. Takeda, unpublished results.
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Fig. 5. Brabender amylograms of kuzu starch (6%). Pasting with water
(upper) and with 5% 3-methyl-1-butanol (lower).

again for the final products. Table IV shows the effects of
preheating and cooling on the reheating of kuzu starch pastes. The
paste fully cooked on preheating, KP-100, showed remarkable
retrogradation of amylose during a short period of cooling at 0°C,
as estimated by decreases of DG-i, and stayed at a low DG-i (61%)
on reheating. On the other hand, KP-100 maintained a high
gelatinization state for DG-g (93-94%) on cooling and reheating. A
similar, but lower, retrogradation of amylose was observed for
KP-80, the paste partially cooked on preheating. These results
suggest that the heat-resistant parts are formed by the
retrogradation of amylose. Approximately 30% of the amylose
remained in the uncooked state on preheating in KP-80, and this
appears to be the main reason why it showed better pasting on
reheating than did KP-100—in spite of possible participation of
heat-moisture effect (Sair 1964) on the formation of the heat-
resistant structure of KP-80, as suggested in potato starch (Suzuki
and Hizukuri 1979). These results imply that the conditions for
preheating and cooling have significant effect on the quality of the
product by causing strong molecular association of amylose and
are worthy of examination for improving both the quality and the
control of processing in starchy foods manufacture.

TABLE III
Retrogradation Tendencies (%) of Kuzu and Potato Starch Pastes’
Stored at 0°C

Stored

N Potato Kuzu
Time
(hr) DG-g’ DG-i DG-g DG-i
0 100 98 100 98
1 87 68 93 49
15 84 68 92 46
24 83 68 91 46
72 83 48 91 45
120 79 46 89 11

“Pastes were prepared by heating 5% starch suspensions at 100°C for 20
min.

°Degree of gelatinization measured with glucoamylase.

‘Degree of gelatinization measured with iodine titration.

TABLE IV
Effect of Preheating and Cooling’ on Final Reheating of Kuzu Starch Paste
Preheating Cooling Reheating
Paste’ DG-¢g DG-’ DG-g DG-i DG-g DG-i
KP-100 100 98 93 49 94 61
KP-80 80 73 70 65 96 81

*Cooling by standing the preheated pastes at 0°C for | hr; reheating by
heating the cooled pastes at 100°C for 20 min.

®Pastes KP-100 and KP-80 were prepared by heating 5% aqueous kuzu
starch suspensions (100 ml) at 100 and 66.5°C, respectively, for 20 min.

‘ Degree of gelatinization (%) measured by glucoamylase.

“Degree of gelatinization (%) measured by iodine titration.
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Fig. 6. Temperature-dependent gelatinization measured by the degree of
gelatinization. [ ] = glucoamylase digestion method, [ll = iodine titration
method, R = raw starch.
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