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ABSTRACT

Ock, Ph.D., The University of Manitoba, May 1985.
Effect of Cvc 1 ohe ptaamvlose on !'lheal Starch Pasting and

Kim,

Hyun

Flour Dou p h Characteristics.
Major Professor: Dr. R.D. Hill

Wheat

The effect of cycroheptaamylose (cHA) on wheat starch

gelatinízation and past,ing was examined. From the
observations, a possible mechanism was deduced and evidence
was shown using several methods. A1so, the effeet of cHA on
wheat flour dough characteristics was assessed.
CHA inereased the swelling power and solubility
of
wheat starch granules during pasting. At a concentration of
1-5fr cHA, the swelling power of the starch doubled, and the
solubility al-most tripled aL 95oC. The effect of CHA was
reduced when the stareh was partially defabted. This effect
was due largely bo an increase in the swelling power and
solubility of the starch upon defatting.
Amylose leaching also was promoted by CHA. Maximum
l-eaching when cHA was present occurred at lower temperatures

than when it was absent. The viscosity of the starch pastes
increased approximately threefold at a cHA coneentration of
1.5%, at 95oC. CHA had little
or no effect at or below the
gelatinization t,emperature of the starch on any of the above
characteristi.cs.

xiii
The effect of cHA on stareh pasting appeared to be

due

to fhe ability of cHA to prevent formation of amylose-ripid
eompl-exesr of to disrupt existing amylose-ripid eomplexes
during pasting. The effect of CHA on amylose-1ipid
interaction was studied using x-ray diffraction pattern,
differential scanning calorimetry and turbidimetric
measurements. v-type pattern for amylose-1ipid complex
disappeared in the presence of CHA. In addilion, the
enthalpy change of melting of the amyl-ose-1ipid comprex was
reduced when cHA was added to wheat starch or an amyloselipid complex. These results indicated that cHA interfened
with the formation of the amylose-lipid complex. Moreover,
turbidimet'ric measurement showed that cHA was able to
disrupt the amylose-1ipid complex during pasting.
The preventive effecb of cHA on formation of amyloselipid complexes was substantiated by the fact that cHA forms
an inclusion complex with lysolecithin, which is a major
lipid component in wheat starch. This complex formation was
confirmed from infrared spectra, 1H-nuclear magnetic
resonance spectra, x-ray diffraction patterns, differentialscanning calorimetry, and turbidity eurves. A rnolar binding
ratio for cHA-lysolecithin complex was found to be about
3:1. This complex appeared to be dissociated as the
temperature increased or as the concentration of the complex
was di luted.

xtv
cHA increased bhe amylograph

viscosity of a sound wheat
flour paste s1ight1y. The maximum viscosity of wheat stareh
h¡as unaffected by cHA, although bhe temperature aL maximum
viseosity was lower. Also, increased breakdown and set back
of wheat starch paste were observed in the presence of cHA.
Amylograph peak viscosities of wheat stareh or wheat flour
containing alpha-amylase were increased by CHA.
cHA decreased the fatting number of wheat starch and
wheat frour suspensions in both the presenee and absence of
alpha-amylase. At a cHA concenbration of 1.5%, faJ-ling
number rñas reduced by about 151r. Farinograph absorption and
dough development time were increased by cHA, as !{as the
loaf volume of bread prepared by the Grain Researeh
Laboratory Remix method.

1

Ï.

INTRODUCTTON

Starch gelatinization and pasting have been subjects
for research for many years, because these properties make
starch technically and commereially useful for numerous

applications in industry. Research has been concerned
primarily with changes in properties during gel-atinizalion
and pasting in the presence of other components which are
used fogether in processing.
Cereal- starches contain about 1% lipid and this minor
eonponent has been known to affeet starch properbies greatly
through formation of amylose-lipid complexes (Ohashi et
al., 1980; Maningat and Juliano, 1980; Eliasson et al.,
1981a). An addition of lipid reduces gelatinization and
swe1ling, and prevents amylose Ieaching from starch granules
(Longley and MiIler, 1971; Larsson, 19BO; Hoover and
Hadziyev, 1981b). Conversely, it has been knolvn t,hat
defatting increases swelling and solubility of fhe starch by
disrupbing amylose-1ipid complexes (Lorenz, 1976; Ohashi et
â1., 1980). It also vras reporbed by Hizukuri and Takeda
(1978) tnat addition of primary alcohols promoted
geJ-atinizaLion presumably owing to the exchange of alcohols
for Iipids in the amylose-lipid complexes.
Cycloheptaamylose (CHA) is a seven glucose-membered
cyclodextrin whieh has hydrophilic and hydrophobic
properties. CHA has been used industrially because of ifs

2

ability to include various compounds within the eavity
(Bender and Komiyama, lgTB; Szejtli, lgBZ a.b.). CHA has
been linked covarently to sepharose 68 and has been used in
an affinity ehromatographic procedure to purify cereal- oamyl ase (Si I vanov i ch and Hi I 1 , 197 6; hresel ake and Hi 1L,
1982b). CHA has been shown to bind to a noncatalytic site
on o -amylase (I,'reselake and Hil l-, 1982b) and to inhibib the
hydrolysis of starch granules by o-amylase (l,,resel-ake and
Hi11, 1gB3).
Alsor cycl-odexfrins have been known to form inclusion
complexes with many lipids (Schl-enk and Sand, 1961; Szejtli
and Bánky-Elöd, 1975; Nawata et at., 19TT; Szejtli
et at.,
1979a). CHA has the potential, therefore, to modify the
physical- properties of starch containing lipid by affecting
amylose- I ipid interact,ion.
In this study, the first aim was to assess the direct
effect of cHA on gelatinization and pasting of wheat starch.
ïn so doing, defatted wheat starch v,ras also studied in order
to examine the interaction of CHA with Iipid.
Having done sor the second aim was to determine a
possible mechanism for the effecf of CHA on starch during
gelatinization and pasting. To this end the amylose-tipid,
CHA system was used. Lysol-ecithin, which is a major
eomponent in wheat starch 1ipid, was employed as a tipid.
The third aim was to study the effect of CHA on o-

3

amylase-wheat starch system and q-amylase-wheat flour system

during pasting. In addition, wheat flour dough
characteristÍcs were examined in the presence of

CHA.

4

II.

LÏTERATURE REVIE!.I

A. Cvcloheptaamylose
led ß-cyc1odextrin, cycloheptagluean or Schardingerrs g-dextrin, is a
hornogeneous cyclic molecule composed of seven cr -Dglucopyranose unit,s lined 1 + 4 as in amylose (Freneh,1957;
Bender and Komiyama, 1978i Szejtli, 1982a). It is one of
the cyclodextrins that are produced by the action of
Bacillus macerans amylase (o-1, 4 - glucan 4 glycosyltransferase) on starch and related compounds
(French, 1957; Thoma and Stewart, 1965; Griffiths and
Cycloheptaamylose

(CHA),

sometimes cal

Bender, 1973; Bender and Komiyama, 1978).
Although

CHA

was first

Schardinger was the first

in

Bacillus

discovered by Villiers in 1891,
one who prepared and isolated CHA

in 1904 (French,
1957). In 1942, French and RundIe (1942) applied the x-ray
method to determine the molecular weight of ß-cyclodextrin
and named it eycloheptaamylose. From 1950 ohr attention has
been focused on formation of the cyclodextrin inclusion
complexes and on the use of the cyclodextrins as enzyme
1

903, and

macerans amylase

models.

1. Structure
CHA

has a doughnut-shape structure as shown in Figure

Studies have demonstrated that the o-D-glucopyranose
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units in cyclodextrins are in the C1 chaÍr conformation (Rao
and Foster, 1963 a.b.; G1ass, 1965; Hybl- et â1., 1965;
Cramer et a1., 1967; Casu et al., 1968; Takeo and Kuge,
1970b; lrlood et a1., 1977). In general, the conf ormation of
cyclodextrins in solution is nearly identieal with those in
the crystalline state (Bender and Komiyama, 1978).
As a consequence of t,he C1 conformation of the
glucopyranose units, all the secondary hydroxyt groups (on
the C-2 and C-3 atoms of the glucose units) are located on
one side of the ring, whereas all the primary hydroxyl
groups are placed on the opposite side of the ring. The
cavity is lined by the hydrogen atoms of the C-H groups and
the glycosidic oxygen bridges. Hence, the non-bonding
electron pairs of the glycosidic oxygen bridges, which are
directed towards the interior of the cavity, produce a high
electron density and lend it some Lewis-base characler
(Thoma and Stewart, 1965). Consequently, CHA possesses a
hydrophilic face with a hydrophobic interior eavity and
exterÍor surface (Bender and Komiyama, 1978; Szejtli,
1982a)

.

ïn aqueous solution, the apolar cavity of

CHA

is

occupied by water molecules through hydrogen bonding with

primary hydroxyl rotated toward the inside of the cavily.
The bonding of these wafer molecules is energetically

unfavoured and they are, therefore, readily substituted

by

appropriate guest molecul-es that are less polar than water

a

B

(Bergeron et a1., 1977; Szejtli et a1., 1979b).
Furthermore, the C-2 and C-3 hydroxyl groups of the adjacent
glucopyranose units form hydrogen bonds which stabilize the
shape of the molecule (HyUf et al., 1965), and at the same
time significantly influence its solubility in water
(Szejtli, 1982a).
A summary of bhe characteristics of

Table

CHA

is presented in

1.

2. Properties
As a consequence of the cyclic arrangement, CHA has
neither a reducing end group, nor a nonreducing end group.
Therefore, CHA is completely resistant to those enzymes,
which hydrolyse by endwise splitbing, such as ß-amyIase, and
is more resistant to hydroJ-ysis by the usual cx-amflases than
are the linear dextrins (French, 1957). CHA is not
decomposed by hot aqueous alkali.
It is somewhat resistant
to acid hydrolysis (French, 1957i Szejtli and Budai, 1976),
but quite susceptible to concentrated acid hydrolysis
(Bender and Komiyama, 1978).

is slightly sweet and its taste threshold value is
lower than t,hat of sucrose. Moreover, CHA is not
hygroscopic (Szejtl-i, 1982b). Solubility in water is rather
variable and is greatly increased at higher temperatures.
Hence, CHA can be conveniently recrystal-Iized from water.
Tab1e 2 shows solubility of CHA in water at various
CHA

9

Table 1. Characteristics of cycloheplaamylose
Number

of glucose residues

7a

MolecuLar weight

1' 1354

Specific roLation t olt25
External diamete. CÅl
Internal- diameter fil

162.5 * 0.5b
15.3e
-T

.Oa

B

.0c

7-Bd. e. f

o

Depth (A)

-''( .04

of water molecules
taken up by cavily
Moisture (f,)
Number

a

b

c
d
e

f

g

11c

1o-12s

Bender and Komiyama, 1978
Fren ch eb aI 1, 1949

Szejtli,-TgETa
I'lybl et al. , 1965
Demarco and Thakkar,
Cramer et a1._, 1967

197 0

Nihon Shõluñîñ Kako Co., 1978

13.2 - 14.5c

10

Table 2. Solubility of
Temperature
(oc)

CHA

b

15

1

.20

20

1

.48

25

1.79

30

2,20

40

3.51

50

4.64

55

6

60

7.49

1.8
1

3.7

.05

65

10.

TO

12.03

T5

14. B0

BO

19

8.0

18

.66

18.3
25.6

100

edenhof and Lammers, 1 968
Nihon Shokuhin Kako Co., 1978
Irüi

French et al. ,

in water.

(e/100m1 solution)
a

a:
b:

CHA

1949

.85

11

temperatures. In the presence of organic molecules,
solubiltiby of CHA, in general, decreases owing to complex
formalion (French s! a1., 1949).
The differential
showed

scanning calorimetry eurve of

CHA

fhat most of the water included inside the cavity of

CHA escapes

below 100oC. Above 270oC, exothermic

decomposition of

begins, and at 300oC a sharp
endothermic process is detected, which indicates the melting
of CHA accompanied by decomposition (Szejtli and Budai,
1977; Szejtli, 1977).
l,'¡ith regard to boxicity, histopathological
investigation of animals treated for six months showed no
sign of ehanges in the intestinal tract, central nervous
system and blood circul-ation system as eompared with control
animal-s (SzejtIi and Sebestyen, 1979). OralIy administered
cyclodextrin, therefore, is considered harmless by the
National Institute of Nutrition in Hungary (Lindner et al-.,
1981 )
?

CHA

.

Incl-usion

c omo l- e x

formation.

of the most important properties of CHA is the
ability to form inelusion complexes, in which guest
molecules are included in the cavity. Guest compounds have
been shown to range from polar reagents such as acids,
One

amines, smal I ions (V'lojcik and Rohrbach, 1975) to highly

apolar aliphatie and aromatic hydrocarbons and even rare

12

gases (Cramer and Henglein, 1956). A eomplex may be formed

with molecules corresponding in size to that of the cavity.
Considerably larger molecules also may be accommodated if
only certain groups or side chains are to be incorporated
into the CHA cavity (Szejtfi and Budai, 1979),
The structure of crystalline cyclodextrin complexes is
not always identieal with that of the complexes in solubion.
In the dissolved state, the guest molecule has been shown to
be Iocaled within the cavit'y of eyclodextrin and bhe whole
complex was surrounded by a multilayered, hydrated hulI. ïn
the crystalline state, guest molecules were Iocated not only
inside the cyclodextrin cavity, bub also between fhe
cyclodextrin rings, in the form of a crysbal lattiee
inclusion. At the same time, some of the cyclodextrin
molecules included only water. Consequently, they vüere
incorporaled into the crystal lattice as water containing
complexes. Therefore, the erystalline complexes are
practically never of a strict stoichiometric composition and
are stable even if the ring cavities are saturated only
partially by apolar guest molecul-es (Lammers et al., 1971;
SzejtlÍ et a1. 1979b; Lindner et a1., 1981). Hence, âñ
organic substrate has been shown to be included in such a
way that it allows a maximum contact of the hydrophobic
portion of the substrate with the apolar cyclodextrin
cavity. The hydrophilic portion of the substrate, on the
other hand, probably remains near the surface of the complex

13

to a11ow a maximum contact with the solvent and the hydroxyl
groups of eyclodextrin.
Complex formation between the CHA host and guest
substrate molecules has been shown to be a dynamic
equilibrium process (I,'lood et al., 1977; Bender and
Komiyama, 1978). Typically, cyclodextrin inclusion complex
formation is associated wibh a favorable enthalpy ehange
(Bender and Komiyama, 1978). The binding forces between the
guest and CHA mol-ecutes are: a) Van der l,'laals - London
dispersion forces (so-ca11ed rthydrophobic effectfr) due to
dipole-dipole interactions (Cramer et al., 1967; Bergeron
et aI., 1977); b) hydrogen bonding between the guest
molecul-es and the secondary hydroxyl groups of the CHA
(Cramer and Dietsche, 1959; Cramer et a1., 1967).
Regardless of the binding forces involved, the most
important parameter that would determine whether an
inclusion complex could be formed, is the relative size and
geometry of the guest molecule in relation to the dimensions
of lhe host CHA cavity (Griffiths and Bender, 1973; Bender
and Komiyama, 1978; SzeitIi,

1982a).

4. Interaction with 1ipid.
CHA has been found to form inclusion complexes with
various kinds of lipids. These lipids were shown to be
aliphatic fatby acids (Schlenk and Sand, 1961; Szejtli and
Banky-EIod, 1975), fatty acid ester such as suerose fatty

14

acid ester, glycerine fabty acid ester, sorbitan fatty acid
ester (Nawata et aI., 1977; Nakamura et al., 1979;
Szejtli e! at., 1979a). In the inclusion complex,
hydrophobic inner cores of CHA molecules form long channels,
into which the fatty acid molecules can be incorporated
(Szejtli and Bánky-81õd, 1975).
Szejtli and Bánt<y-E1öd (1975) studied the retat,ionship
between the pararneters of fatty acid complex formation and
the composition of fhe product. They indicated that
although extension of cooling time result,ed in a slight
increase (0.3-0.5%) of the fatty acid content, the increase
of fatty acid concentration vüas the only parameter which
increased the fatty acid content of the complex. The
complexing capacity of CHA with lipid vùas about 2.5 times
higher than that of amylose, since the fat,ty acid eontent of
a CHA-fatty aeid complex was 10ll, while amylose-fatty acid
complex contained only 4.11" fatty acid (Szejtli
et a1.,
1979a)

.

Studies also revealed that cyclodextrin preferably
formed eomplexes with unsaturated fatty acids, whereas with

amylose, saturated fatty acids were preferred (SzejtIi
Bánky-81öd, 1975; Szejtli

and

et a1., 1979a). The extent of
complex formation increased with increasing unsaturation of
fat,ty acid, and unsaturated fatby acids were stabilized
against autoxidation by means of inclusion complex formation
(Szejtli and Bánky-Etõd, 1975; Szejtli et a1., lgTga,b).
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According to Nakamura et al-., (1979), fatty aeids with B-22
carbon atoms and iodine values under 25 were preferable to
form complexes with CHA. Schlenk and Sand (1961)

investigated cyclodexlrin-aliphatic fatty acid complexes and
found that on an average, five CHZ groups were coordinated
to one cyclodextrin moleeu1e, but there also were
deviations.
ïnteraction with alpha- amvlases.
Some alpha-amylases f rom Baci I lus .pglymixa. Aspergi I lus
orvzae. and Penicilium africans, have been shown to eaLalyze
the hydrolysis of cyclodextrins, although the rate of
hydrolysis rdas mueh slower than bhat of amylose (Ben-Gershom
and Leibowitz, 1958; Suetsugu et aI., 1974). CHA has been
reported, however, to inhÍbit hydrolysis by several alphaamylases. 0hnishi (1971) found that alpha-amylase from
Bacillus subtilis was inhibited com petitively by CHA. It
was shown further by Ohnishi et aI., (1973) bhat
cycloheptaamyloses were bound to nearry three subsites of
the bacterial alpha-amylase. From a difference
spectrophotometric studyr âh exposed tryptophan residue of
the enzyme bJas berieved to be assoeiated with one of these
subsites. It also was shown that CHA inhibited the
hydrolysis by panereatic alpha-amylase and that the amylase
bound three mol-es of cHA (Mora et al., 1974; simon eb ar.,
1974). Mona et aI. , (1974) showed that a tryptophan
5
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residue of panereatic alpha-amylase !.¡as involved in the

binding of CHA.
Silvanovich and HilI (1976) found that CHA bound eereat
alpha-amylases, and they developed an affinity
chromatographic procedure to purify cereal alpha-amylases
using CHA coval-ently linked to epoxy Sepharose 68.
RecentIy, lrtresel-ake and Hill ( 1982b) reported that CHA bound
to a non-catalytie site on the cereal alpha-amylase
rnolecule, because CHA did not inhibit the hydrolysis of
sol-ubÌe stareh by alpha-amy1ase. Subsequently, it was found
lhat CHA inhibits the hydrolysis of starch granules by t,he
enzyme, indicating that CHA interferes with the binding of
alpha-amylase to starch granules (I,'leselake and Hir1, 1983).
Szejtli et a1., (1978) and Szejtli (1983) observed a
considerable retardation in starch degradation and
producbion of reducing sugars during germination of cereal
seeds which r^Jere soaked in CHA solution. Thj.s phenomenon
was reversible completely and therefore, the retardation of
germination ulas considered not a result of some toxic
effect, but probably of a competitive inhibition of
amylases.

B. Wheat Starch.
Wheat starch has been used widely in many areas due to
its contribution to the structural, textural and funcbional
properties of processed producls. Its natural and modified
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properties have rendered a wide range of application in
industry. The highest proporbion of wheat stareh has been
consumed by the paper industry, vrhere it is used as a wetend adhesive, in surface eoating, and as an adhesive for
manufacture of corrugated board (Knighb and 01son, 1984).
In the food industry, wheat starch has been used as a
thickening agent for soups or sauces, and in the baking
area, wheat starch has been generally superior to starches
f rom other cereal-s (MedcaIf and Gi 11es, 1968).
1. Composition
!'lheal starch has been shown to be composed of
lentieular-shaped large (A-lype) granutes and sphericalshaped smal1 (B-type) granules (Baruch et al., 1979;
Meredith, 1981). They are made up largely of amylose and
amylopecbi-n organi,zed into radially anisotropie
semicrystalline units. This results in granules being
birefringent and possessing characteristic x-ray diffracfion
patterns (Greenwood, 1976; Banks and Muir, 1980).
It has been shown that no sharp demarcation exists
befween the crystalline and amorphous phases of starch
granules, and it generally was believed lhat some or al_1 the
starch molecular chains run continuously from one phase to
another (French, 1984). Since starch granules are held
together by an extended micellar network of associated
molecules through hydrogen bonds, starch is insoluble in
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eold r^rater despite t,he fact that t,he starch molecule has
been shown to be highly hydroxylated and therefore, very
hydrophi t ie (Leach , 1965).
I'later and other ordinary liquids have been shown to
diffuse and penetrate into the amorphous phase of the starch
granules. In aqueous solutions of high polymers, however,
starch exhibited pronounced negative sorption. High
molecular weight solutes were unable fo penetrate starch
granules (Brown and French, 1977; French, 1984).
a.

Amvlose

ïn wheat starch, the amylose content has been reported
to be 25 to 30 pereent (Medcalf and Gi11es, 1965, 1968;
Pomeranz, 1973). Amylose is a l-inear molecule with an
average molecular weight of about 106 (Banks and Greenwood,
1975), in which glucose units are joined by o-1, 4-gfucosie
bond. There is, however, a very limi.t,ed amount of o-1,6branching (K jolberg and Manners , 1963; !'lhistler and Daniel,
1984).

Amylose has been shown to readily form a complex with

polar and non-polar substances such as butanol (Rundle and
Edwards, 1943; Lewis and Johnson, 19TB), iodine (Senior and
Hamori, 1973; Bluhm and Zugenmaier, 1981), and fatty acid
(Mikus et a1., 1946; Szejtli and Bánky-E1öd, 19Til.
Additionally, depending on variables such as coneenlration,
degree of polymerizaLion and temperature, amylose has been
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to erystalLíze spontaneously from aqueous solution, a
phenomenon known as retrogradation (Foster, 1965).
Several researchers (Rao and Foster, 1965; GIass, 1965;
Casu et al., 1966, 1968) suggested, on the basis of nuel-ear
magnetic resonance data, that the o-D-glucopyranosyl rings
in amylose adopt the C1 conformation. The conformation of
amylose in solution has been in controversy for many years.
The range of models of amylose in solution varied from
helical (Senior and Hamori, 1973; Szejtli, 1982a), lo an
interrupted helix (Lewis and Johnson, 1978), to a random
coil (Banks and Greenwood, 1968, 1971a.b). From the
probability of occurrence of the various ü-D-glucopyranosyl
conf ormations, !'lhistler and Daniel ( 1984) concluded that
amylose, in neutral- aqueous solution, exists as a random
coil with short, loosely wound helieal- segments.
In the solid state, amylose is known to exist in the A
(= native starch), B (= retrograded starch), C (=
composite), and V (= complex) structures (Zobel, 1964i Banks
and Muir, 1980; lrrhistl-er and Daniel, 1984). In native
starch, amylose vJas shown to be in the form of double
helices (Kainuma and French, 1971). Illu and Sarko (19ZBb)
proposed lhaL the anti-parallel- packed double helices are
wound paral-Iel around one another, and the central eavity is
occupied by a starch double helix in A-amylose. Water
molecules are found between the double helices in this type
of amylose.
shown
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The structure of B-amylose also is based on double-

stranded hel-ices (Kainuma and French, 1972). It

was

suggested that individual strands are wound in a righthanded six-fo1d helieal structure with the two strands being

parallel to one another. Successive pairs of chains are
packed in an anti-parallel fashion, forming a hexagonal
structure containing water molecules in the central eavity
(Wu and Sarko, 1978a). Aceording to !'Ihistler and Daniel
(1984), however, solid-state B-amylose exists most probably
as a left-handed six-fo1d helix.
Amylose inclusion complexes were shown to exist as V
(Verkteisterung) structures. The conformation of Vstructure þ¡as known to be left-handed single helices, where
the guest molecules are included in the center of the
amylose helix (ZoUe1 et al., 1967; Bluhm and Zugenmaier,
1981). Complexes of V-amylose involve 6 to B glucose units
per helical turn depending on the guest molecules,
indicating that the diameter of amylose hel-ix varies with
di.fferenl guest molecules (French and Murphy, 1977; French,
1979). The diameter of the wet amylose complex (tfre
hydrated form, V¡ pattern) is generally larger than that of
the dried complex (the anhydrous form, va pattern). rn the
case of an amylose-1-butanol complex, for instance, the
outer helix diameter of the vh pattern is i3.T Å, whire that
of the Va pattern is 13.0 Å (Rundle, 1947). The outer
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diameter for V" amylose complex have been reported to be
Oo
13.0 A for 6-elucose units per helix (Rund1e, 1947), 14.7 A

for 7-glucose units (Zaslow, 1963), and 16.2 i for B-elucose
units (Takeo and Kuge, 1969, 1970a; Yamashita and Monobe,
1971). Considering the helieal diameters, these amylose
inclusion complexes have analogous crystalline structures to
cyclohexaamyloser cycloheplaamylose and cyclooctaamylose,

respectively (Takeo and Kuge, 1969, 1920a).
Hayashi et al., (1983a,b) studied the effect of
temperature on amylose conformation and reported that the
amylose molecule was in a random coil at temperatures higher
than 63oC and no complex formation eould be expected at
these temperatures. During eoolingr âmVlose molecules were
wound into a partially helical- form (an interrupted helix)
aL about 6OoC. Idith further cool- ing, retrograded amylose
wibh helical conformation was separated aL temperatures
lower than about 32oC.
b. Starch lipid.
V'lheat starch also was shown bo contain lipid and
probein located on the surface and wilhin the matrix of
starch granules (Barlow et a1., 1973; Lowy et al_., 1981;
El-iasson et al., 1981a). The Iipid and protein content in
wheat sbarch have been reported to be approximately 1% and
0.2-0.6%, respectively (Morrison et aI., 1975, 1980;
Morrison, 1978b, 1981). These minor eomponents could delay
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v,¡ater transport t,o the starch granul es

asson et al.,
1981a.b), thereby, influeneing the interaetions between
starch granules and their environment.
In wheat starch, lipids have been shown to consist of
4-9% non polar lipids (mostly free fatty acids), 2-5% polar
glycolipids and 86-947l Lysophosphol-ipid (pri-ncipally
lysophosphalidyl choline) (Morrison et aI., 1975¡ Meredith
(E

fi

et a1., 19TBi Morrison, 197Ba.b; Hargin and Morrison, 1980;
Morrison, 1981). The Iysophospholipid fraction eontained
predominantly lysophosphatidyl cholines containing palmitic
and linoleic acids (Becker and Acker, 1974; Acker, 1977;
Morrison, 197Ba.b; Meredith et a1., 1978). Moreover,
lysophosphatidyl choline (lysol-ecithin) only exists in the
form of the 1-acy1 isomer (Arunga and Morrison, 1971; Becker
and Acker, 1974; Aeker, 1977). According to Morrison
( 1978a), there v,ras almost no diff erence in the lipid
composition between small and large stanch granules. Starch
Iipid content, however, increased as granule size decreases.
Stareh fipid ean be classified into surface starch
lipids and internal starch lipids. The surface starch
lipids are contaminating non-starch lipids and are either
free or bound to contaminating probeins in wheat starch
(Morrison, 197Ba.b; Morrison, 1981). I¿theat starch has been
shown to eontain a trace amount of non-starch lipids such as
triglyceride, diacylgalactosyl glycerides. These lipids
could be extracted using waber-saturated-n-butanol (!,lSB) al
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for 10-30 minutes (Morrison et a1., 1975; Morrison
1978b; Morrison et al-., 1980; Morri.son, 1981).
The internal starch lipids have been shown to be
exclusively monoacyl lipids such as lysophospholipids and
free fatty acids (Morrison et a1., 1975; Acker, 1977i
Morrison, 1978b; Morrison et a1., 1980; Hargin and
Morrison, 1980). These internal starch tipids were
difficult to remove completely. This may have been due to
the presence of amylose-1ipid eomplexes in the granule
(Schmitz and Acker, 1967; i,tren and Merryf ie1d, 1970; Acker
and Becker, 1971; Acker, 1977; Morrison, 197Ba.c), or to the
entrapment of these lipids in spaees between amylose and
amylopectin molecules (Morrison, 1981).
2Oo-30oC

Existence of starch lipid as an amylose-lipid complex

in wheat starch, was demonstrated by several researchers.
Acker and Beeker (lgll) reported that pure lysolecithin
extracted from wheat starch was cleaved almost completely
phospholipase B, whereas less than 10{" of lysolecibhin

by

existing in starch was sp1it. A1so, lysol-ecithin in wheab
starch was possible to be extracled only with trISB (hlren and
Merryfield, 1970; Morrison et al-., 1975; Acker, 1977;
Morrison, 1978a; Etiasson et a1., 1981a). Moreover, starch
lipid has been shown bo be extremely resistant to
autoxidation and bo attack by ehlorine, indicating that
starch lipid was within an amylose helix as an incl-usion
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complex (Morrison, 1978e).

Not all the lipid

in the native stareh need be in the
form of an inelusion complex. Nob only have lipids been
shown to vary in their affinity for amylose (Krog, 1971),
but bhey may not be present at a time critical to their
incorporation into hel-ical starch chains during biosynthesis
of the granule (Kugimiya et a1., 1980). Aceording to l,Jren
and Merryfield (1970), up to one-quarter of the amylose in
wheat stareh appeared to be bound to lipid, considering the
amount of hydrolysate lipid in starch. Thus, Kugimiya et
ef. (1980) pointed out thal it vüas difficult to determine
whether starch-lipid complexes pre-exist in native starehes,
or !.Jere f ormed only upon heating above the get atinization
femperature.

2. Starch gelatinization and pasting.
The subjection of an aqueous suspension of starch to
the influence of heat or appropriate chemicals has been
shown to weaken the micellar network wilhin fhe granules by
disrupting hydrogen bonds. This permits further hydration
and irreversible granule swelling. This process is termed
gelatinization (Leach, 1965). Getatinization enlails a
change in structure from a crystalline to an amorphous phase
(Lelievre, 1973, 1976), or an order-disorder phase
transition (Donovan, 1979). These changes were observed by
f ol- lowing the loss of granule biref ringence, by the l-oss of
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a discrete x-ray diffraction patternr or by the uptake of
heat, as the conformation of the starch was albered (Sbevens
and Elton ,

197 1).

After starch is gelatinized, starch paste is formed.
This is known as pasting. Starch gelalinization and pasting
have been shown to be important phenomena in various food
processing operations such as baking, thickening, and
gelling of foods. Considerable attention has been paid to
the technological impli-cations of starch gelatinization and
pasting, especially from the rheological point of view.
Gelatinization temperature.
Slarch granules have been shown to be insoluble in eold
water, but swell in warm water. This swelling is reversible
unlil a certain so-ca11ed gelatinization temperature is
reached. I'lithin partially gelatinized granules, there was a
rearrangement of the polymer chains of the amylose and
amylopectin (BIanshard, 1979). Differences in
susceptibifity among the granules due to different degree of
assoeiation, were believed to be responsible for the timedependent range of gelatinization temperature (Leach, 1965).
Gelatínízation is believed to begin in the more accessible
and amorphous intermicellar areas of fhe granul-e where fhe
bonding is weakest (Leach, 1965). Aceordingly, the
amorphous region in a granule played an essential part in
determining both gelatinization temperature and temperature
a
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range (Donovan and Mapes, 1980).

of the granules have been shown to be
destabiJ-ized by thermal motion and by Lhe swelling forces,
and undergo disruption or melting (Donovan, 1979; Evans and
Haisman, 1982). During swe1ling, strong stresses developed,
which strained the crystallites and contributed to their
melting by tearing molecules from crystallites.
Thus, to a
degree, sv,relling and gelatinizaLion are cooperative
processes (French, 1984).
The crystallites

In wheat starch, the small starch granules v,¡ere
reported to gelatinize at higher temperatures than the large
ones (Stevens and EIton, 1971; Hill and Dronzek, 1973; Ku1p,
1973; Banks and Greenwood, 1975). This could be explained
by the greater lipid eontent found i-n the small wheat
granules (Morrison, 1978a; Meredith et aI., 1978).
b. Swelline and solubilization.
As the temperature of an aqueous starch suspension is
increased above the gelatinlzation temperature range,
hydrogen bonds continue to be disrupted, water molecules
become atbached to the liberated hydroxyl groups, and the
granules continue to swell (Leach, 1965). With the
continued swelling of granules, starch particl-es that have
become fu1ly hydrated separate themselves from the intricate
micellar network and diffuse into the aqueous medium (0lkku
and Rha, 1978).
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factor that controls the swelling behavior of
starch has been shown to be the strength and character of
the micellar network within the granule, whieh in turn, is
dependent on the degree and kind of association (Leach,
1965). The presence of naturally occurring non-carbohydrate
impurities also was shown to be an important factor.
!,lheat starch has been shown to exhibit two-stage
swelling and solubility patterns reflecting the presence of
two sets of internal bonding forces. Firstly, a small
amount of swelling occurred between 550 and 70oC, involving
disruption of weakly bound or readily accessible amorphous
sites. This stage appeared as a rise in the viseosity of
the sol-ution due mainly to hydration. Secondly, subsequent
rapid swelling took p1ace, and there was a release of
solubilized starch exudate at 80o to 95oC, involving
disruption of more strongly bound or less accessible sites
(Leach e! a1., 1959; Leach, 1965; Olkku et a1., 1978;
Christianson, 1982). !'lhen stareh was defatted, however, the
product swelled more freely and uniformly with little
evidence of the two-stage pattern of native starch (Leach,
The major

1965).

Bowler et a1., (1980) studied structural changes that
occur in lenticular wheat sbarch granules during
gelatinization. They found that swelling was a two-stage
proeess, which occurred primarily in the plane of the two
major axes only. The process involved radial expansion to

2B

form a flattened dise, followed by tangential expansion to
produce a complex puckered granule. According to

Hood

(1982), amylose probably had a role in retarding the

tangential swe1ling.
With starch swellinB, there has been shown to be a
concomitant increase in starch solubilization, which
accounts for mainly amylose leaching. HilI and Dronzek
(1973) reported that the increase in amylose Ieaching of the
solubiLized stareh paralleled starch solubiLization with
increased temperature. The low molecular weighf linear
amylose was leaehed preferentially from starch granul-es at
low temperatures, whereas, aL higher temperatures, higher
molecular weight and branched amylose vüere soLubilized
gradually (Banks and Greenwood, 1967; Ghiasi et aI.,
1

9B2a)

c.

V

.

tv
When the granules swell sufficiently
i scosi

to occupy bhe
entire volume, the solubles Ieached from the granule
probably re-diffuse back into the highly swollen granules
and the system becomes a get-like continuum. The highly
swol-len starch granules and granule fragments have been
to adhere to each other, and in effect, form a matrix
held together by assoeiative bonding (Leach, 1965; 0lkku and
Rha, 1978). As a result of this bonding, the starch paste
shown

becomes viscous.

2g

Mitler and co-workers (1973) reported that gnanule
swelling did nol account for the rapid rise in viscosity of
a wheal starch suspension healed in excess water, but that
the exudate principally eaused the large increase in
v i scos i ty at hi gher temperatures. 0n the other hand, !'long
and Lelievre (1982) attributed viscosity of pastes mainly to
the volume fraetions of swollen starch pastes and the
fractions of large granules. Thus, it seems that the
apparenl viscosity of a starch paste is caused not only by
the swelling of starch granules, but also by the presence of
slarch so1ub1es, and the interaction or cohesiveness between
them (Leaeh, 1965; Otkku and Rha, 1978; Evans and Haisman,

1979; Ghiasi et al.,1982d).

d. Factors affec tinp qelatinization and D a stins.
Getatinization and pasting are influenced by changes in
the environment of the stareh granules. These include water
content, addition of other substances such as sugars'
Iipids, alcohoIs, salts, elecbrolytes, etc. Those factors
whieh bear on the current research problem will be discussed
in the following sections:
) flater content.
The gelatinization behavior of starch is known to
depend on the water content (Donovan' 1979; Eliasson, 1980).
Differential scanning calorimetry has been used to observe
stareh gelatinization at different water levels. l'rlhen
1
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excess bJater is present (volume fraction of water >0.7

=

water conbent > 60%), only one gelatinization endothermic
transition was observed (Stevens and E1ton, 1971; Donovan,
1979). At intermediate water levels (0.45 ( volume fraclion
of water < 0.7 = 351,1 water contenf ( 60%), besides the

first

endotherm, a second endotherm appeared at high

temperature, resulbing in two endothermic gel alinization

Lransitions and an increased temperaLure range

(Donov an,

1979; Donovan and Mapes, 1980; Hoover and Hadziyev,

1981 a;

Ghiasi s! a1., 1982c). At sufficienbly Low water level-s
( volume fraction of water ( 0.45
= water conLent < 357,),
only the second endotherm became predominent at higher
temperatures. Furthermore, there was a marked shift of the
second endoLherm to higher temperatures and the size of the
endotherm decreasedr âs the water content was decreased
(Donovan, 1979; Eliasson, 1980).
The appearance of two endothermic transilions aL
intermediate water confents hras interpreted as follows:
First, at a high water conlent, swel ling upon hydration
and increased chain motion upon heating in fhe amorphous
parts of the starch granule deslabilized the system.
Consequently, the disordered individual starch chains were
separated from the ordered crystallites of bhe granules.
This process is known as gelatinization.
Secondly, in more concenLraled starch suspension, this
destabilizing effect was reduced due to the limiLed amount
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of water present. Therefore, true melting of the starch
crystallites occurred at higher temperatures (second
endotherm). This transition temperature hlas determined by
the amount of water present (Donovan, 1979).
2)

Sugars

If has been reported that sugars increase the starch
gelatinization temperature and inhibit swelling and
hydration of starch granules (Hester et al., 1956;
DrAppolonia, 1972; Derby et a1., 1975; Bean and Yamazaki,
1978; Bean et a1., 1978; Savage and 0sman , 1978; lrrrootton
and Bamunuarachchi, 1980; Ghiasi et al., 1983). In
general, disaeeharides exeept maltose were shown to have a
greater effect than monosaecharides (Savage and 0sman, 1978;
Bean et al-., 1978), and sugars with Ionger chain lengths
deì-ay gelatinization and pasting more than do shorter chain
sugars (Spies and Hoseney, 1982), Alsor âs the
concentration of sugars added increased, the depressing
effect on gelatinization and pasting was promoted.
The inhibitory effecb of sugars on gelafinization and
pasting was known to be due to the following factors: i)
competition between starch and sugars for available water
(Hester et a1., 1956; D'Appolonia, 1972; Denby et al.,
1975; Hoseney et a1., 1977), ii) less water activity by
sugars (01kku et a1., 1978'rSpi es and Hoseney , 1g8Z ) , i i i )
interaction of sugars with starch chains in the amorphous
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areas of the starch granules (Osman, 1975; Spies
Hos

eney,

and

1982; Oosten, 1984).

3) Lipids
Lipids have been shown to retard gelatinizabion and
pasting, and thereby, inerease the pasting temperature and
inhibit swelling, solubilization, and amylose leaching (Gray
and Schoeh, 1962; Longley and Mi11er, 1971¡ Krog, 1973;
0sman, 1975; Larsson, 1980; Hoover and Hadziyev, 1981b;
Ghiasi et al., 1982b). Ghiasi et a1. (1982d) found thab
surfactants reduced first-stage swelling and delayed secondstage swel-1ing of wheat starch.
The effeet of lipid on gelatinization and pasting was
related mainly to: a) the physical state of the lipids; b)
the lipid monomer eoncentration : lipid-amylose complex
formation requires lipid monomers, and the limib of
association of lipid molecul-es is therefore critieal with
regard to blocking of amylose leaching; c) the velocity of
thermal gelatinizat,ion, i.e. how fast, the amylose molecules
vüere leached from the starch granules (Larsson, 1980), and
d) the length of the fatfy acid chain (Longley and Miller,
1971; Kim and Robinson, 1979; Hoover and Hadziyev, 1981b).
The rebarding effect of lipids has been shown to be due
to the formabion of amylose-lipid complexes within the
starch granule (Gray and Schoch, 1962; 0Ikku and Rha, 19ZB).
0n the other hand, defatting of native stareh had a
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promotive effecb on gelatinization and pasting (Mefvin,
1979; Maningat and Juliano, 1980; Eliasson et a1., 1981a).

4) Alcoho1s
The straight ehain primary alcohols other than methyl
a1cohol, such as ethanol, propanol, butanol, pentanol,
promoted gelatinization and pasting of starch (Hizukuri and
Takeda, 1978). This promotive effeet vùas greater for nalcohols with larger non-poIar groups. This effect was
inferred to be due to the exchange of the alcohols for the
lipids in the amylose-1ipid complex in starch.
C. Amylose-Lipid Interaction
Amylose-lipid complex formation has been shown to
affect many interesting technological properties: It
decreases amylose leaching, increases pasting temperature,
reduces stickiness, and retards retrogradation of starch
paste (Krog, 1971). It also reduces susceptibility lo oamylase in vitro (Hanna and LeIievre, 1975; Larsson and
Miezis, 1979; Holm et a1., 1983), and reduces autoxidation
(Szejtli and Bánky-ntöd, 1975; Morrison, 1978e; Szejtli et
a1., 197 9 a) .
1. Types of lipids.
Amylose has been known to form inclusion complexes with

fatty acids (Mikus e! aI., 1946; Takeo et a1., 1973;
Szejtli and Bánky-E1õd, 1975; Szejtli et al-., 1979a; Hoover

34

and Hadziyev, 1981b), monogryceride (Krog and Jensen, 19Ta;

Longley and MilIer, 1971; Ghiasi et Ê1., 1982b),
surfactants (0sman et a1., 1961; Krog and Jensen, 19TO;
Ghiasi et aI., 1982b), and lysolecilhin (Acker and Becker,
1971; Acker, 1977; Kugimiya and Donovan, 1981; Holm et

a1., 1983).
to form comprexes preferentiarly with
mono-chain lipids because of easy accommodalion into the
amylose hel- ices (0sman et al., 1961). The polar Iipids
easily formed compl-exes with amylose in the amorphous region
of starch granules since they were not closely packed
(Leach, lj65; 0lkku and Rha, 1978). Krog and Jensen (1920)
showed that the ability of monoglycerides to form complexes
with amylose depended on the physieal condition of the
surfactant. They suggested that hydration of the surfacfant
was needed for complex formation. Among the surfactants,
the *-form and lhe palmitic acid type of monogryceride and
calcium and sodium sal-ts of stearoyl lactylate were found to
be superior for complex formation (Krog and Jensen, 19TO;
Krog, 197 1; Hoover and Hadziyev, 1 9B 1b). Lysolecithin,
however, was superior to the monoglycerides, since it has
good water solubility and molecular distribution, meaning
that it is easily accessible to the amylose helix (Acker,
Amyrose was shown

1977; Kugimiya and Donovan, 1981).

It al-so was reported that amylose formed inclusion
complexes much more readily with saturated fatty acid and
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saturated monoacyl lipids than with unsaturated ones (Krog,
1971; Szejtli and Bánky-E1öd, 1975; Szejtli
et aI., 1979a).

2.

lex formation
Glucose units in the amylose helix are in a C1
eonformation (Rao and Foster, 1965i GIass, 1965; Casu et
â1., 1966, 1968). In this eonformation, the hydroxyl groups
are orienbed toward the outside of the helix and the C-H
groups are direeted lo the interior, forming a hydrophobic
tube (Krog, 1971; Acker, 1977). This hydrophobic tube could
accommodate the straight hydrocarbon ehains of fatty acids
and other lipids (Mikus et a1., 1946; Krog, 1971; Acker and
Com

Becker

,

197 1).

The extent of amylose-lipid complex formation is

influenced by the degree of polymenization of the amylose,
pH, temperalure, duration of heat treatment, duration of

cooling, concentrations of amylose and lipid (Szejtfi and
Bânky-El-öd, 1975¡ Hoover and Hadziyev, 1981b).
Szejtli and Bánky-E1iíd (1975) studied the parameters of
fabty acid complex formation with amylose. They found that
raising the heating temperature from 50 to 70oC, and
prolonged cooling after heating, resulted in a slight
increase in the amount of Íncorporated fatty acid, while a
longer heating time (maintaining the temperature at the
initial value) decreased fatty acid incorporation. The
fatty acid content of the complex could be raised also by
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increasing the concentration of amylose as werl as fatty
acid. The fatty acid content of an amylose-fatty acid
complex r^ras f ound to be 4.1% (Sze jtf i and Bânky-EIöd, lgl5),
and 4.6% (tqi.xus et aI., 1946; Osman et a1. , 1961) by
weight.

ïn the case of a surfactant-amylose complex, Ghiasi et
gl. (1982b) showed bhat the complex was formed even when the
starch-surfactant mixture was heated as 1ow as 6OoC,
possibly due to the fact that surfactant molecules entered
the starch granules. But according to Hoover and Hadziyev
(1981b), heating to at least TOoC !{as preferable for
efficient complexing with monoglyeeride. Krog (1971)
calculated that one mole of amylose reacted with twenty
moles of monopal-mitin to form a complex.
Amylose b¡as shown to combine with and incorporate
lysolecithin in solution aL room temperature (Acker and
Becker , 197 1¡ Acker , 1977). 0thers (Kugimiya et a1., 1 980;
Kugimiya and Donovan, 1981), however, reveared bhat amylose-

lysolecithin compl-exes were formed immediabely after
gelatinization in an exothermic reaction when amylose or
starch was heated with water and lysoleeithin. The content
of lysolecithin in the complex hras reported to be lO.2%
(Acker and Becker, 1971; Acker, 1gT7) by measuring the
phosphorus content, and 12.3% (Kugimiya and Donovan, 1981)
by using differential scanning calorimetry. The later value
v,tas equivalent t,o a raLio of lysol-ecithin bo amylose of
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0.14 by weight.
3

Structure of complex.

Amylose-1ipid eomplexes are of a microcrystalline
nature and show characteristic v-type x-ray diffracbion

pattern (Mikus et al., 1946; Takeo et ar., 1gT3; Kugimiya
et a1., 1980; Hoover and Hadziyev, 19B1a,b; Ghiasi et aI.,
1982b). In these complexes, fu1ly extended fatty acid
molecules formed the core and were included inside the
hydrophobic tube of the amylose her-ix (tqi*us et al-., 1946;
Krog, 1971). It was assumed, therefore, that only the
aJ-iphatic portion of the fatfy acid was incorporated into
the herix whire the hydrophilic part of the morecul-e
remained free.

Acker and Becker (1971) stud j.ed the amyloselysolecithin complex with phospholipase B and using r.R.
spectroscopy. They found that free J-ysol-ecithin was
hydroryzed completely by phospholipase B, but Iysol-ecithin

in an amylose inclusion complex was resistant to hydrolysis.
This indicated that the glycerol ester portion of the
lysolecithin mol-ecul-e was not accessible to lhe enzyme, due
to proteetion of the lysolecithin within the amylose he1ix.
rn addition, the r.R. spectrum of the amylose-lysolecithin
complex did not show the typical bands of lysolecithin with
the exception of a band of carbonyr group. using a mixture
of amylose and 10f lysol-ecithin, bands of rysorecithin b¡ere

3B

clearly seen. From these results, Acker and Becker (lgT1)
suggested that bhe whole molecule of rysolecithin was
incorporated and that lhe hydrophil-ic part of the

lysolecithin mol-ecul-e r,Jas masked due to the incorporation.
I,rlhen phosphoripase D was added to a mixture of amyloselysolecithin complex, chol-ine was shown to be liberated, bul
release was delayed in comparison with free lysolecithin
(Acker, 1977). Thus, Acker concluded that t,he choline part
of the lysolecithin was nob surrounded by the helix.
Baisted (1981) also represented the structure of amyloselysolecithin complex, where fatty acid chain and earboxylic
ester group were included within an amylose he1ix, whire
polar head group bras outside. Acker (19TT) suggested that
an amylose segment of 100 glucose units would be enough for
the uptake of two lysolecithin morecules. According to !üren
and Merryfield (1970), eaeh amylose molecule was compl-exed
with up to 2J molecules of tipid, assuming the degree of
polymerizaLíon for amylose bo be 2100.
Carlson et al-., (1979) found that the V-amylose
eomplex with monostearin exhibited three turns of the
amylose herix per hydrocarbon chain, with six residues per
turn. They suggested also that while the fatty acid chain
was within, the polar monoglyceride moiety hras outside the
amylose helix.
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4. Stabitit of

complex.

Amylose-1ipid compl-exes have been shown to be thermally

reversible ( Kugimiya and Donovan, 19Bj; Bulpin eb aI.,
1982). l'¡ith increasing pH and temperature, the hydrogen
bonds which stabilize the amylose helix are graduarly broken
(Szejtfi and Bánky-E1öd, 1975). Consequently, the amylose
helix is unforded and the lipid molecules are released inlo
water above dissoeiation temperature. I'lhen chÍt1ed
gradually, however, the ripid released is incorporated int,o
the amylose helix (Szejtli et al., 1968; Ohashi et a1.,
1980).

The stability

of lhe amylose-1ipid complex was shown to
vary depending on the chain length of the lipid and the
degree of unsaturafion, and was related to the
hydrophobicity of the arkyl residue (Kim and Robinson, 1979;
Davies et a1., 1980; Hoover and Hadziyev, 1981b). Thermal
stability increased with increasing chain length for
saturabed fatty acids and decreased with increasing degree
of unsaturation for unsaturated aeids (Heilbronn and
Konieczny-Janda, 1983). For instance, a clz acid eompl-exed
with amylose dissociated at 85oC, whereas the longer chain
CtB acid complex dissoeiated at 120oC (Davies et al., 1980;

Heilbronn and Konieczny-Janda, 1983). rn the case of
stearoyl lactylate complex, dissoeiation occurred at

sodium

temperatures higher than B5oC (Ghiasi et a1., 1982b).

Amylose-palmitic acid complex and amylose-1ysol-ecithin (s-
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palmitoyl Iysophosphabidyl choline) showed dissociation at
95o and 1O3oC, respectively (Kugimiya et al., 1980;
Kugimiya and Donovan, 1981). It was also reported that

linoleic acid-amylose complex and linolenic acid-amylose
complex were dissociated at 92o and B1oC, respeclively
(Heilbronn and Konieezny-Janda, 1983).
stable amylose-1ipid complexes could be changed
into a less heat-stable complex with straight ehain primary
alcohols (Hizukuri and Takeda, 1978). This ef f ect r^ras
bel-ieved due to lhe fact that primary alcohols entered the
amylose helix and replaced the lipid, resulting in amyloseaLcohol complexes (Morrison et aI., 1975; Acker, 1977i
Hizukuri and Takeda, 1978; Morrison, 1981). The mechanism
for the disruption by primary alcohols of amylose-lipid
complexes with high dissociation temperatures, however, has
not been explained clearly. According to Hizukuri and
Takeda (1978), the non-polar groups of the aleohols
stimulated gelatinization directly by weakening the nonpolar association of amylose helices. It has been suggested
also that non-cluslered water molecules adjacent to the nonpolar sol-ute moleeules were in an activated state and lhus
promoted the gelatinization by disrupting hydrogen bonds
(Gerlsma, 1970). It seems, therefore, that the disrupting
effect of primary aleohols on hydrogen bonding and non-polar
These
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association, may have contributed to the disruption of
amylose-1 ipid eomplexes.
This review of the pertinent literatures shows that
considerable research has been devoted on CHA, wheal starch,
and amylose-lipid interaetion.

Interactions among them,
however, have not been investigated fully so far. The
present work was undertaken to study this aspect.
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IÏT.

MATERIALS AND

METHODS

A. Materials
Cyeloheplaamylose (CHA), wheat starch (unmodified), 1-

palmitoyl L-q-lysophosphatidyl choline (synthetic) and
potato amylose (type III) hrere purchased from Sigma Chemical
Co., St. Louis, Missouni, U.S.A.
llheat flour (Canadian Western red spring - variety
Neepawa) i^ras supplied by the Grain Research Laboratory
(GRL), Canadian Grain Commission, !,linnipeg, Canada.
All laboratory chemicals used in this study were of
reagent grade.

B. Melhods
1. Moisture content
The moisture contents of CHA, wheat starch, defalbed

wheat starchr âmylose and wheat flour vlere determined by the
A.A.C.C. method 44-154 (1982). The moisture contents were

calcul-ated respectively by measuring the amount of weight
l-oss after heating at 13OoC for t hour on the Brabender
Rapid Moisture Tester.

2. Total lipid content
Total Iipid content in wheat starch was determined
according to the method of Morrison et aI., (1980).
2 I of wheat stareh was suspended in 30 ml of watersaturated-n-butanol (l,fSB) and heated with stirring under

N2
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atmosphere aL 95oC for a total of 5.5 hours. Every hour,

the suspension v\ras centrifuged at 15,000 x g for 20 minutes,
and the precipitate vlas separated and re-extracted using a
further portion of 30 mI WSB. The supernat,ants were pooled
and f iltered through a !'Ihatman No.l paper in a Buchner
funnel under reduced pressure. The pooled ttSB extracts v,¡ere
concentrated in a rotary vacuum evaporator at 6OoC. The
dried extract was dissol-ved in chloroform, filtered through
I'Ihatman No.l paper, redried by the rotary vacuum evaporator,
and then weighed.
3. Preparation of defatted wheat starch
The wheab starch !.¡as extracted 4 times with 10 m1 !,lSB/g
wheat starch for a tot,at of 4B hours under N2 atmosphere al
4OoC. The extraction was performed on a shaker to prevent
the precipitation of starch in l¡lSB sol-ution. Afber each
extraction, the !üSB-starch mixture vüas filtered through
Whatman No.3 paper in a Buchner funnel under redueed
pressure and pooled. The defatted wheat sbarch hlas washed
wilh 10 volumes of l,rlSB, and subsequently with 10 volumes of
double distil led water (d.d.w.) tfrree times, and then air
dried at 20oC. The combined !ùSB extracts were concenLrated
in a rotary vaeuum evaporator at 60oC. The dried extract
r^tas dissol-ved in chloroform, filtered through l^lhatman No.J
paper, redried by the rotary vacuum evaporator, and then
we

i ghed

.
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4. Fattv acid eornDosition
The fatty acid composition for totat lipid and
extracted lipid for the preparation of defatted wheat
starch, i^¡as obtained as proposed by Morrison et a1. ( 1980).
The lipids were dissolved in chloroform in a screw-cap tube
and heptadeeanoic acid (17:O) was added as an internal
standard. Af ter the 1i-pids l,\tere concentrated in a robary
vacuum evaporator at 6OoC, 141/ Boron trifluoride
in methanol
reagent was added and the mixture vüas allowed to stand for
10 minutes at 100oC. The resulting fatty acÍd methyl esters
were analyzed wit,h gas-Iiquid chromatography equipped with a
hydrogen flame ionizabion defector and a stainless steel
cofumn (2.44m x 3.1Bmm) packed with GP 3% SP 2310/2% SP 2300
on 100 120 mesh ehromosorb W.Al4l. The in jection port and t,he
deteetor temperatures brere maintained at 300oC. The Flow
rates fo" N2 (carrier gas), HZ, and air were 40, 40, and 400
mIlmin., respecti.vely.
The amount of each faLLy acid methyl ester was
determined using a computing integrator (Spectra physics, SP
4100 ) .

5. Amylose content
The amylose content of bhe defatted wheat starch
determined using the amperometric titration method of
!üiltiams et a1. (1970).
To 20 mg of defatted wheat starch, 0.5 m] of 951"

was
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ethanol and 10 ml of 0.5N KOH were added, and the suspension
L¡as stirred on a magnetic stirrer for 30 minutes. After T5
ml of water, 10 mI of 1.0 N HCl and 5.0 mI of 0.4N KI víere
added lo the suspension, the resulting mixture was titrated
on a magnetic stirrer with 0.005N KIO3. The magnetie
stirrer was operated by a rheostat set at 600 R.p.M.
Galvinometer readings were taken 90 seeonds after each

addition of 0.25m1 of 0.005N Kr03 and the results were
plotbed. The point where the two lines intersect was taken
as the volume of iodine absorbed by the starch in the
sample.

The amylose content of the sample was obtained from the
amylose standard curve. The sbandard curve hras prepared

using various amounts of amylose and the volumes of 0.005N
KI03 acquired from the int,ersection of t,he litration curves.
For the determination of the amylose leaching in the
starch solubles, an aliquot of the soluble carbohydrate
sol-ution vüas taken and the amylose content was determined as
described above.

6. Protein content
Tobal- nitrogen of wheat starch and wheat f l_our h¡ere
determined by the macro-Kjeldah1 mebhod (AACC method 46-12,
1982). The protein content vüas obtained by muJ-tiplying the
nitrogen content by the conversion factor 5.7 (Tkachuk,
1969).
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7. Gelatinization t,emperature
Gelatinization temperatures hrere determined using a
Zeiss polarizing microseope equipped with a Koefler hotstage. A Mettler FP5 t,emperature control unit was equipped
with a Meltler FP52 heaLing block. The rate of temperature
increase was zoc per minute. Temperatures v,Jere noted when
101l, 50Íl and 907l of the granules were no Ionger
birefringent.
B. Sweltins

Dov¡er and

solubilitv

The nethod deseribed by Schoch (1964) was used to

determine the swelling poi,rer and the solubility

of native

and defatted wheat starch.
0ne gram of the starch hras suspended in 30 mI of double

distirled water or cHA solution in a taredr 50 ml eentrifuge
bottle. The suspension was stirred mechanically with a
small stainless steel paddle at a rate just sufficienb to
keep the starch completely suspended. The bottle was placed
in a water bath and maintained aL the desired temperature
while stirring for 30 minutes. After cenbrifugation at
11000 x g for 15 minutes, the clear supernatant was drawn
off carefully by suction.
Soluble carbohydrate in the supernatant was determi_ned
by the phenol-sulfuric acid melhod (Dubois et al., 1gj6)
and a correction factor 0.9 was applied for anhydroglucose.
The swelling power and the solubÍlity were calculated
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by the following equations:

Swelling power

VJt. of sedimented paste x

Wt. of sample
on dry basis
d

þ

SoIubl es
(on dry

basis)

100

=

I solubles)
dry basis

x ( loo
on

Wt. of soluble starch
lJt. of cycloheptaamylose

x

100

liùt. of sample on dry basis

9. Distribution of CHA
To determine the distribution of CHA in the starch
samp 1 es, radioactive eycloheptaamylose (3H - CHA) prepared
according t,o the method of !'leselake and Hill ( 1982a), h¡as
used.

The swerling povrer and the solubility

experiments were

condueted aL 5OoC and 85oC using 3H-CHR solutions.

After

centrifugation, t,he volume of supernatant vüas measured. An
aliquot was taken and the radioactivity of 3H-CH¿ was
measured with a scintill-ation counLer. The recovery of 3¡1cHA was obtained from the radioactivi-ty calculated for total
water in sampres. The distribution of 3H-CHA was carculated
for the volume of supernatant and for the water present in
the sedimented paste respectively.
10. Viscosity
A Brookfield model LVT with a numben 1 spindle was
used. The viseosity of a suspension eontaining one gram of
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starch in 30 m1 of double distilled water or CHA solution,
was measured at 30 and 60 R.P.M., after heabing for 30
minutes at specified temperatures.
11.

Sa mol e

preparat i on

a. Amvlose-1vs ol-ecithin complex
To avoid complicated interaetion with other chemicals,
the amylose solution was prepared by heabing an amylose
suspension in d.d.w. (lO mg/mL) for 30 minutes at 100oC
while stirring on a magnelic stirrer.
In preparing an amylose-lysolecithin complex (10:l
w/w), the lysol-ecithin solution (lO mglmt) was added to the
prepared amylose solution, and the mixture was heated at
70oC for t hour white st,irring. Then the mixture was cooled
to room temperature for t hour and freeze-dried to obtain a
powder form of the complex.
For the saturated binding amylose-lysolecithin complex,
amylose and lysol-ecithin solutions were mixed at a ratio of
amylose to lysorecithin of 1o to 2 by weight. After heating
at 70oC for t hour, the mixture !{as cooled to room
temperalure for t hour. The precipitated complex hras
obtained by centrifugation at 20,000 x g for 15 minutes, and
then washed thnee times with d.d.w. by resuspending the
precipitate in d.d.w. and centrifuging the suspension.
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b. CHA-lvsoleeithin mixture
A CHA solution (15 mg/ml) and a lysolecithin sol-ution
(tO ng/ml) were mixed and heated at ZOoC for t hour while
stirring. Then the mixture was cooled to room temperature
for t hour and freeze-dried. AIso, a mixture made while
stirring for t hour at room temperature (without heating)
v,¡as

freeze-dried.

c. Amvlose-1vso1e cithin-CHA mixture
An amylose-lysolecithin-CHA mixture was prepared by

adding a

sol-ution (10 mglml) to the amylose-lysolecithin
complex which had been heated at 70oC for t hour and cooled
to room temperature for t hour. The amyrose-lysolecithinCHA mixture was heated at 90oC for t hour while stirring,
CHA

cool-ed to room temperature for t hour, and freeze-dried.

d.

Amvl-ose-CHA mi
The

xture

amylose and CHA solutions vüere mixed

70oc for t hour whil-e stirring.

to

room

and

Then the mixture was cooled

temperature for t hour and freeze-dried.

freeze-dried samples were ground using
grinder and sieved through a 140 mesh sieve.
The

heated at

a

pest I

e

12. ïnfrared spectra
Ten milligrams of the sample and 1 g of KBr were finely
ground together with a pestle grinder and smarl discs were
prepared using pressure at 22r000 pounds. Infrared spectra
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were recorded h¡ith the Perkin-EImer modeJ. 237 Infrared
Spectrophotometer.

13. .1H-NucIear magnetie resonance spectra
Samples b¡ere freeze-dried three times with 99.8% D20'
and finalry dissolved in lojfr Dzo in test tubes (urtra
precisi.on 506) under N2 atmosphere. The prolon nuelear
magnetic resonance ( 1H-¡¡Un) spectra vüere recorded using D20
as solvent and TSP (Sodium-3-trimebhytsilyl propionate-2, 2,
3r 3 - d¿f) as external standard, employing a Nicol-et
modified Bruker l,IH 90 DS (NTCFT software) at 90 MHZ.
1

4. X-ray diffraclion pattern
Samples were saturated with doubl-e distilled

water

overnight using a humidity chamber according to Zobel
(1964).

X-ray diffraction patterns were recorded on a Philips
model PhI-1710 automated x-ray powder diffraebometer equipped
with a curved graphite crystal monochromator. Copper Ko

radiation (1.5405.l Ã) was used with a time constant of 0.5
second goniometer scan speed of 0.10o 2e/S (6.0o 28/mín),
and a chart speed of 10 mm/o20, voltage 4OKV, current 40 mA
over fhe angular range from 30 to 32o at room temperature.
15. Differential scanning calorimetry
Dupont model 990 thermal anaLyzer with a model 9i0 DSC
cel- I base modif ied to give a maximum sensitivity of 0.005
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mcal s-1 in-1 hras used. Temperature calibration

and

cal-ibration coeffieient E for the DSC ce11 were determined
using weighed samples of indium and sapphire over a scanning
range 40-12OoC. 1-2 mg of the sample was weighed into an
aluminum hermetic pan and 6-12 uL of water was added using a
syriûB€r and then the pan was sealed. Weights of samples
were alI dry weights. The volume fraction of water in
sampl es bras about 0.90.
AI1 samples were scanned at a heabing rate of 1OoC
. -1
mrn
' usrng rnstrument sensitivities of 0.02, 0.05 mcal s-1
in-1. After heating to a temperature of 12OoC, eooling
scans !.¡ere aLso carried out. The reference pan contained
either water or sufficient sand to approximate the heat
capaeity of the sample. The cell was flushed with nitrogen
at a rate of 45 ml min-1 fo" al-l- runs. The bemperature was
monitored throughout the scan using t,he second pen on the
DSC recorder. The mV reading obtained was converted to oC
using thermocouple tables supplied with the instrument. To
obtain peak areas, baselines $¡ere construcled as a single
straight Iine from the beginning to the end of the peak and
the areas were determined using a planimeter.
The enthalpy ( ¿H) was calculated according to the
fo1 lowing equation:
AH (mcal/mg)

area (in2¡

sample weight (*e)

(60 x T x E x sensitivifv
(mcal s-1 in-l

)

)
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Vlhere T
El

=

Time base (min in-1)

calibration coefficient (dimensionless, adjusted
to 1.00)

16. Turbidity
a. BindinE ratio and solubility

of CHA-lysolecibhin

complex.

Samples &'¡ere prepared by mixing a CHA solution

( 15

mglml) and a lysolecithin solution (lO mglml). The ratio of

mixing was varied to oblain the differenf ratj-os of CHA to
lysolecithin. The tobal volume of each sample was made
constant by adding d.d.w. and the samples were vortexed for
1 min. After lebbing them stand for 15 min., the turbidity
was measured at 524 nm using a Zeiss spectrophotometer at

room temperature.

Al-so, the turbidity of CHA-lysolecithin compfex was

a function of eoncentration and temperature,
respeetively, using a Cary speetrophotometer. Temperature
was increased from 20o to B5oC and then decreased from 85 to
measured as

200c.

b. Effect of CHA on amvl ose-lysolecithin comDlex.
Five and a half milligrams of amylose-lysoLecilhin
complex (10:1 w/w) was suspended in 6 ml of d.d.w. or CHA
solution in a 10 ml screv,r-cap tube and heated for 30 minutes
at bhe desired temperatures with frequent shaking. The
turbidity was measured at the heated temperature and al 20oC
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afber cooling. Absorbance was taken at 520 nm using

a

Cary

spectrophotoneter.

17. GeI-filt,ration chromatosraphy
Bio-GeI P-2 (eOO-4OO mesh) was hydrated in d.d.w.
overnight at room temperature. The swol I en matrixes ulere
deaerabed by aspirator at reduced pressure and a column of
71 cm x 0.9 cm was packed. Sample solution was applied to
the top of the coLumn and eluted with d.d.w. aL a flow rate
of 3 mllhr at room temperature. Fraetions of 0.5 ml were
coll-ected from lhe eolumn with a fraction eollector, and the
effluent was monitored using an Altex 156 Refraclive Index
detector. CHA eontent was determined by the phenol-sulfuric
acid method of Dubois g!_al. (1956).
The molecular weight of fractionated lysol-ecilhin
micelles was estimated from a calibration curve obtained by
plotting el-ution volume/void volume versus 1og mol-ecular
weight for reduced glutathione (¡,fwt. 300) and CHA (Ilwt.
1135) of known moleeular weight. The excluded (void) volume
(Vo) of the Bio-GeI P-2 col-umn hras determined as the elution
volume of blue dextran (¡lwt. Z x 106).
18. Preparation of alpha-amvl-ase
Alpha-amylase

v.Jas

prepared from Neepawa wheat f lour

(tgg¡). Alphaamylase activity lüas determined by the method of Briggs
( 1961) and expressed in I.D.C. units.
One I.D.C. unit is
aceording to the method of !'feselake and Hill
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the amount of enzyme required to lower the absorbance for
standard digest from 0.6 bo 0.4 in 100 minutes.

a

19. Inactivation of amvlases in flour
The met,hod described by Meredith ( 1970) was used.
Flour hras wetted by shaking with a mixture of water and o.1N
HCI to bring the pH of the mixture to 2.4, and !.ras held at
room temperature for 20 minutes with occasional agitation.
The mixture was bhen neutralized by adding 0.1N NaOH with
vigorous swirling. This mixbure was used in the amylograph
procedure.

For the falling number method, flour was shaken with
0.1N HCl 20 times. After 20 minutes sbanding aL room
temperature, 0. 1N NaOH !.¡as added to neutra rize the mi xbune,
and this mixture was shaken 20 bimes.
Residual- o-amylase activity in inactivated flour was
fested by the Phadebas o-amylase method of Barnes and
Blakeney (1974), using the Phadebas chromogenic substrate
(Pharmacia). Enzyme activily v¡as expressed as miIIi enzyme
unibs (mEU)/e flour. One unit of enzyme is defined as the
amount of enzyme that catalyzes the hydrolysis of 'l ¡.rmo1e of
glucosidic linkages per minute.
20.

AmvloEra ph

viscositv

The Brabender visco-amylograph with a700cmg

sensitivity

cartridge vras used at the

75

r.p.m. bowl speed.

55

The amylograph bowl used was a small bowl. The sample

mixed with d.d.w. or CHA sol-ution and peak viscosity

!üas

was

obtained by heating an aqueous suspension from 30oC bo
at the rate of 1.5oC per minute.

95oC

to 95oC, aL the rate
of 1.5oC per minute hotding the paste aL 95oC for 30
minutes, and cooling it from 95oC to 50oC aL the rate of
1.5oC per minute. Mean values of duplicate deferminations
vüere used and maximum difference between two values did not
Amylograms were measured from 50oC

exceed 10

B.U.

21. Falling

number

Fal I i-ng number was determined according to A.A.C.C

method 56-B1B (1982).

22. Farinosraoh characteristics
Farinograph characteristics were determined using
eonstant flour weight according to A A.C.C. method 54-21
(1982).

27. Loaf volume
Bread was made from 1009 flour samples using bhe

GRL

(Irvine and McMullan, 1960; Kilborn and
TippIes, 1981) at a constant baking absorption (60.8Í) and
loaf volume was determined 30 minutes after baking.
The formula eonsisted of (in percent, flour basis);
Remix method
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flour 100; yeast 3; saIt, 1; sugar, 2.5i polassium bromate,
0.0015; ammonium phosphale, 0.1 and malt, 0.3.
24. Statistical

analysis

Data obtained were subjected to the analysis of

variance and differences among means were debermined using
Student I s trtrr test (Snedecor and Cochran , 1967) .
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IV.
A. Analvsis of

RESULTS AND DISCUSSION

Samples

Cycloheptaamylose (CHA) used in this study eontained

moisture, indieating that about B molecules of water
were included per molecule of CHA. The moisture content
value agreed well with that reported by Nikon ShoKuhin Kako
Co. (1978), and was a little
less than that obtained by
Szejtli (1982a).
V'lheab starch contained 10.3% moisture, 26.7% amylose,
1.3% l ipid, and 0.6% protein (as is basis). Al l these
values !.¡ere in agreement with those reported by other
researchers (Medealf and Gi11es, 1965; I'rlilliams et al.,
1970; Morrison et a1., 1975, 1980; Morrison, 1981). V'lhen
wheat starch was extracted with l'üSB for 48 hours at 4OoC,
about. 69l' of the lotal l-ipid was removed from the starch.
It seemed that the lipids remaining in the defabted wheat
starch v\¡ere f irmly-bound inLernal l ipids, and only looselybound lipids hrere extracted (Acker and Schmitz, 1967a.b;
Vrrren and Merryfield, 1970; Morrison, 1981). According to
Morrison (1981) swelling of native starch granules by heaf
and water was necessary for extracting the internal- starch
lipids efficiently.
In bhis study, however, high
temperature could not be employed for lipid extraction
because native sbarch granules had to be preserved.
The fatty acid compositions of the botal Iipid
11.6%

5B

extracted at 95oC and the Iipid extracted at 4OoC, are
presented in Table 3. Val-ues obtained here, are in
agreement wibh the ranges reported for wheat starch ripid by
Becker and Acker (1974) and Morrison 11978a). As noted by
other researchers (Beeker and Acker, 1974; Acker, 19TT;
Meredith et al-., 1978; Morrison, 19TBa.b), patmitic and

linoleic acid hrere the prominent fatty acids.
B. Effecb of

CHA

on l,lheat Starch Gelatinization

and

Pasting.

1. Gelatinization tem erature
The effect of cHA on getatinizalion temperature of
wheat starch granures, is shown in Tabre 4. rn the presence
of 1.5% CHA, a stightly higher gelatinization temperature
and 1itt1e change in the temperature range were observed.
At these temperatures cHA may be slightry restricting water
actÍvity. The gel phase of sbarch granule has been shown to
have an estimated exclusion limit of 1000 dattons (Brown and
French, 19TT), and it is, therefore, unlikely that CHA
entered the stareh granule at these temperatures.
The delay of starch gelatinization in sugar sorutions
has been attribubed to sugarrs abilit,y to limit the
availability of water to starch (DrApporonia, lgTz; Derby
et al-., 1975; Hoseney et a1., 1977), resulting in reduced
water aetivity of the solution (spies and Hoseney, 19Bz).
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Table 3. Fafty acid compositionl of wheat starch Iipid

Fatty acid

Extract ion at

4OoC2
Myristic
Palmitic

95oC3

Morrison

Becker

1978a

Acker

0.3

0.2

32.6

37 .1

Stearic

1.2

3.2

01eic

7.8

10.6

T

14

6.9

B

45.3

44

52

53 .0

3.2

2.3

1

Linoleic
Linolenic
1:

2:
3:
ND

53.

expressed in percent

1974

0.3

ND

44

35

and

35 .3

0.8

<2

4

3.7

extracted with water-saturated-n-butanol for 4B hours
extracted with water-saturat,ed-n-butanol for 5.5 hours
not defermined
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on the gelatLnizalion temperaturel
of wheat starch granules.

Table 4. Effecf of

CHA

Fraction with
no birefringence
(

1

percenb

M""n

I,lheat starch2

lfheat starch2

1

.5%

CHA

)

10

53.3

+

1

.24

55.7

+

1.44

50

60.1

+

o.2b

61.0

+

0.5c

90

62 .1 +

0.4d

65.2

+

0.6e

+ S.E. based on four determinations;

oç

2o.t percent (w/v)

values not sharing a common superscript letter
significantly different at p(0.02.
Mean

are

+
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In general, a sugar concentration of less than aboul 20%
appeared to have relatively liltIe
influence on the
gelatinization temperature (DtAppolonia, 1972; Lelievre,
6; Sav age and 0sman, 1 978 ). Therefore, it appeared that
the change in gelabinization temperabure was sma11, since
the concentration of CHA vüas low (1.5%).
197

2, Swelling por,rer and solubility
Figures 2 and 3 show that over fhe range of
concentrafions used, CHA increased swelling power and
solubility in both native and defatted wheal starch. The
effects of CHA v,¡ere more pronounced as the temperature of
the starch paste increased. Up to 75oC, CHA had only a
slight effecL on swelling power (Figure 2), whereas the
solubility of starch increased from 6% with no CHA added fo
1Bl" with 1.5% CHA (Figure 3a). Above 75oC, swelling pobler
and solubility of the pasLe were strongly affected in native
starch. At a concentration of 1,5% CHA, swel- ling power of
the nat,ive wheat slarch doubled and the solubility almost
tripled aL 95oC.
In the presence of CHA, up to B5oC, shrel l ing power and
solubility of defalted wheat starch rdere higher (p<0.05)
than Lhose of naLive wheat starch. Above B5oC, mean values
of these parameters for defatted wheat starch were not
significantly different (p>0.05) from those for native wheat
starch. Thus, defatbing the starch reduced fhe effecb of
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on swelling power and solubility

by inereasing the
swelling and solubil-ity of sampres containing no cHA (Figure
2b, Figure 3b). At a concentration of 1.5% CHA, swelling
po!ùer and solubility of defatted wheat starch b¡ere increased
about 1.5 times at 95oC. Higher values for swelling povúer
and solubility of defatbed wheat starch compared to those
for native starch, are in agreement with those obtained by
other workers (Lorenz, 1976; Ohashi et al_., 19801 Lorenz
et al., 1983). This may be due to the more hydrophilic
environment of the defatted wheat starch.
Native wheat starch exhibited typical two-stage
swelling and solubility patterns (Figure 2a, Figure 3a),
while t,here was 1itL1e evidence of the two-stage pattern of
the original in defatted wheat starch (Figure Zb, Figure
3b). This is in agreement with the previous finding of
Leaeh (1965). This implies thaf loosely-bound lipids
especially inhibit the first-stage swelling and
solubiLization in native wheat starch, probably by redueing
the hydration of the amorphous areas of the granules.
From the results, however, it was assumed that
cycloheptaamylose vias nore ef f ecti ve in increasing swel- l ing
power and solubility during the second-stage of pasting, in
which disruption of more strongly bound crystallites
occurred and solubilized starch was released. This
indicated that CHA may play a role in disrupting lhe starch
crystallites when stareh granules undergo extensive
CHA
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slrelling. This was substantiated further by the observation
that cHA had onry a slight effect on the geratinization
temperature of the wheat starch (Table 4).
Distribution of cHA in sampres used in swelling power
and solubility experiment aL 50o and B5oC was examined using
tritiated CHA (TabIe 5). All the radioactivity was
recovered in a total moisture phase at both temperatures.
This indicated that cHA !'¡as distributed only in the water
phase. From this result, it may be eonsidered thab the
amount of cHA present in the sedimented paste depended on
the amount of hydration of the starch granules.
Accordingly, it appeared that the effect of cHA depended on
initial hydration of stareh granules.
lose leachin
cHA promoted the leaching of amylose from native wheat
starch granules during pasting (Figure 4a). Above the
geratinization temperature, concentrations between 1.0 and
Am

1.5% gave maximal ef f ect

except at t,emperatures approaehing

95oC, ãL which all

CHA

three

concentrations gave similar

values of B4%.
Defatting the wheat starch increased amylose leaching
at aIl temperatures measured (Figure 4b). CHA increased
amylose Ieaching above 65o and up to 95oC. No effect of CHA
of the teaching atready
occurred. cHA had a greater effect on defabted wheat starch
was observed ab 95oC as most
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Table

Percent Distributiona of H3-eycloheptaamylose in
starch pastes at 50o and B5oC

5

CHA

Frac t i on

coneentration (percent)

0.5

1.0

1.5

50oc B5oc 50oc B5oc 50oc
Supernatant
S

ed

74.3

99.1

78.8

99.9

2.1

22.8

2.4

25.6

2.1

27 .3

100 .3

101.6

102.3

99.9

101.2

100.7

98

73.4

imented

paste

Total moisture
a:

.2

g5oc

mean

value of duplicate determinations
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than on native starch below 85oC.
It has been shown previously that lipid complexing of
amylose prevents amylose leaching from starch granuÌes, by
hindering the penetration of water into the interior of the

starch granules (Gray and Schoch, 1962; Hoover and Hadziyev,
19B1a,b; Ghiasi et a1., 1982b). Therefore, the removal of
lipid from the granule facilitated hydration of the starch
granules, resulting in increased amylose leaching.
Cycloheptaamylose increased amylose leaehing and in this
regard, it had an effect similar to defatting of wheat
starch granules.
The greater effect of

CHA

on defatted wheat sfareh

below B5oC was probably due to the fact that hydration of

defatted wheat starch vlas higher bhan that of native wheat
starch. The defatted wheat starch preparation eontained
0.4% lipid which could not be removed without disrupting the
starch granule (Morrison, 1981 ). This residual lipid
probably was bound firmly in internal regions of the granule
(Wren and Merryfield, 1970; Melvin, 1979; Morrison, 1981).
The interior of bhe starch granule containing the residual
lipid mâyr therefore, have become more accessible to CHA,
resulting in eomplexing of the residual lipid with reLease
of amylose.
4. Viscosity
The viseosity of wheat starch suspensions during
pastÍng was increased by the addition of CHA (Figure 5).
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Littte effect was observed at 65oC, but as temperatures
increased, the effect of CHA increased. At 95oC, the
viscosity in the presence of 1.5% CHA was about 3 times
greater than that in a sample laeking CHA. Swelling and
solubility of starch granules have been shown to have a
direct effect on the viscosity of a starch suspension (wong
and Lelievre, 1981, 1982; Hoover and Hadzi.yev, 1981a). The
increase in viscosity was, therefore, consistenl with CHA
aetion, which inereased swel-ling and solubility.
There are several possible explanations how CHA could
promote swelling power and solubility of starch granule
suspensions during pasting.
Since CHA has been shown to have hydrophobic interior
cavity and exterior surface (Bender and Komiyama, 19TB;
Szejtti, 1982a), non-clustered water molecules were in an
aetivated state (Gerlsma, 1970) and thus could promote
pasting by disrupting the inter- and intra-hydrogen bonding
of stareh micellar network.
Anolher possibility is that CHA eould compete with
amylose in binding non-complexed lipid in the granule. CHA
has been shown to form inclusion complexes with many Iipids
(Schlenk and Sand, 1961; Szejtli and Bánky-EIöd , 1975;
Nawata et a1., 1977i Szejtli et al-., 1979a), and lipids
have been known to reduce swelling power and solubility of
starch (Longley and Mi11er, 1971; Larsson, 1980; Hoover and
Hadziyev, 1981a).
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It is also possible that CHA could disrupt amyloselipid complexes already present in stareh granules,
presumably by weakening the hydrophobie association of
amylose helices owing to fhe hydrophobic characber of CHA.
Although CHA has been known to form inclusion complexes
with many lipids, to the best of the aubhorrs knowledge, it
has not been reported yet that CHA can form a complex
specifically with lysolecithin, which is the major component
in wheat starch lipid. Therefore, this study concentrated
on the interaction of CHA with lysolecithin and the last two
possibitities mentioned above will be discussed further in
the following sections.
C. Interaction of CHA with Lysolecithin
Interaction of CHA with Iysolecilhin was examined using
infrared (I.R.) spectroscopy, nuclear magnetic resonance
(U.U.n.¡ spectroscopy, x-ray diffraetion, differential
seanning calorimetry (D.S.C.), turbidimetric measurement,
and gel-filtrafion
chromatography.
1. Infrared speetra
The LR. spectrum of CHA is shown in Figure 6a.
Speetra of amyl ose and amyl ose-CHA ( 1 : 1 w/w) !'¡ere the same
as that of CHA because bhey have the same functional groups
in the structure.
Functional groups as assigned by hriedenhof et al.
(1969), were as follows:
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OH stretching (H-bonded) at 3370 o*-1,
CH strebching at 2920 cm-1r
OH bending (water) at 1625 cil-1 r
cH deformation at 1360 cft-1r
OH bending at 1240 cm-1 and 1198 o*-1,
C0 stretching, glycosidic bondr 0H bending/C0
stretching of COH at 1150
"*-1
CO/CC stretching at 1070 cm-1 and
anomeric CH def ormation aL 840

1O2O cm-1
1

"ro-

pyranose-ring vibrations aL 750 cn-1

Figure 6b shows the speetrum of lysoleeithin (L-alysophosphatidly choline, 1-palmitoyl). Specific absorption
bands of the lysolecithin

as assigned by lto

et al. (1979),

h¡ere as foll-ows:
CH

aliphatic ant,isymmetric stretching of methylene al

2920 c*-1,
CH

aliphatic symmetric stretching of methylene at

2850

c*-1,
C=0

stretching of the carboxylic ester group al

CHZ

bending of methylene at 1460 o*-1,

P=O

at

"*-1,
1240

"*-1
P-O-C of phosphoric esters at 10BO-1000 cm-1,
phosphoryl choline al 97O cm-1.

1740

79

In the
lysolecithin
lysolecithin
lysolecithin

spectra of a powder mixture of CHA and
(Figure 7a) and a powder mixture of amylose

and

(Figure Ba) , absorption bands of the
could be seen. Those bands could be identified

AS:

CH

aliphatic symmetric strebehing of methylene af,2850

cm -1

C=0 stretchi-ng

of the carboxylie ester group at

1740

cm -1

and CHz bending at 1460

cm-1

with heafing
or without heating (Figure 7b) or an amylose-lysolecithin
complex (Figure 8b) vüas used, however, it could be seen that
specific absorption bands of lysolecithin were reduced
significantly compared to those of the powder mixbure. The
spectra urere identical- for the CHA-1ysol-ecibhin mixture
prepared either without or with heating at 70oC.
Considering bhe b¡ave number for specific absorption
bands of lysolecithin, there was almost no change in wave
number except for cïz bending. The band at 1460 cm-1 due to
CH2 bending was shifted to the lower !{ave number by
approximately 40 cm-1 upon complexing with CHA or amylose.
The CH2 bending mode resulted from fhe out-of-phase
scissoring vibraLion of all trans CHZ segments. The
frequencies of this bending of acyl chains depended on the
!'lhen a CHA-lysolecithin mixture prepared
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degree of conformational disorder; the higher bhis frequency

the higher the eonformat,ional disorder. Hence, the CHZ
bending mode provides information speeifie bo the inelusion
of methylene ehains (Mantseh e! a1., 1983). Therefore,
this shifting of CH2 bending lowards lower wavenumber or
reduction of Iysolecithinrs bands intensities suggested fhe
existenee of interacfion between CHA and lysolecithin as
well as between amylose and Iysolecithin, i.e., eomplex
formation. 0ther researchers used bhe same approaches to
study eomplex formation of CHA-flufenamic acid (Kurozumi et
â1., 1975), CHA-methyt orange (Szejtri et al., 1978), and
amylose-lysolecithin (Acker and Beeker, 1971),
It is weLl known t,hat amylose can form an inelusion
complex with lysolecithin (Acker and Becker 1971; Acker
1977; Kugimiya and Donovan, 1981). Since spectrum of the
amylose-lysol-ecithin eomplex was the same as those of CHAlysolecithin mixture wi[h or without healing, it was
possible to conelude that CHA also interacted with
lysolecithin to form an inclusion complex. Furthermore, it
seems that CHA-lysolecithin complex could be formed in
solution with or without heating. This l/üas because the
phase transition temperature for 1-palmitoyl phosphatidyl
choline is between Oo and BoC (Jain and Haas, 1981; Mantsch
et al-., 1983).
Reduction of absorption bands for C=0 stretching of lhe

carboxylic ester group, cTz bending and cH aliphafic

B5

symnetric stretching suggested that the fatty acid chain

and

of earboxylic ester group of lysolecithin molecule were
incorporated into the CHA ring as in the case of amyloselysoleeilhin complex (Aeker, 1977; Baisted, 1981 ).

C=0

2. 1H-Nucl-ear magnetie resonance spectra
Since glueopyranose units in CHA have C1 chair
conformation, CHA has primary and secondary hydroxyl groups
crowning opposite ends of its torus, H-3 and H-5 directed
toward its interior, and H-1, H-2 and H-4 loeated on its
exterior. Aceordingly, if inclusion does indeed occur,
protons loeabed within or near the cavity (e.g., H-3, H-5
and possibly H-6) should be strongly shielded due to
hydrophobic interaetion, whereas probons Iocated at the
exterior of the torus (H-1, H-2 and H-4) are relativety
unaffected (Demareo and Thakkar, 1970; Thakkar and Demarco,
197 1) .

Figure 9 shows 1H-¡¡MR spectrum of CHA measured at 9O
l{Hz in D20 at 45oC. The CHA specbrum was assigned as
indicated by Demareo and Thakkar (1970), !{ood et aI.
(1977), and from integral analysis. The signal for the
anomeric proton (H-1) oceurred al the lowest field (5.003ð )
and was easily recognized. From its chemical shift value
(G1ass, 1965) tfris proton was in an equatorial position,
which indicates the CHA is composed of o-D-glucose units.
H-3 at 3.933 o , H-6 aL 3.866 ô , H-5 at 3.755 6 , H-2 at 3.633 ô

B6

B7

He'

Hz
I

Hr
H3

5

I

r-L

3

ô(P.PM.)

2

1

BB

and H-4 at 3.522 6 were observed also.
The 90 MHz 1H-¡¡Un spectrum of lysol-ecithÍn measured at

(Figure 10) resembled that reported by lto et al.
(1979). Proton signals were CH3 at 0.8776 , CH2 aL 1.311ô ,
CH2CO at 2.400 ô , N(CH3)3 aL 3,2556 , CH2N(CH3)3 at 3'6BB o ,
45oC

at 3.955ô , CH20P0 at 4.133ô . Among them, proton
signals of c\z and N(cH3)3 !,Iere strong due to large
proportions in the molecule.
There was almost no change in ehernical shifts for al-l
protons of CHA in lhe CHA-lysolecithin mixture (10:l w/w)
CH2OCO

with or wibhout heating. This was due presumably to a high
level of CHA compared to the amount of lysolecithin in lhe
samples. When the molecul-ar ratio !üas 1:1 or 221, however,
there were signifieanl changes i.n chemical shifts for H-lt
H-5 protons, almost no change for H-1, H-2, H-4 protons, and
intermediate change for H-6. This result is shown in Table
6.

Several- researchers observed upfield shifts for H-3

and

H-5, and intermediate shift for H-6' upon complex formation
of CHA with p-hydroxybenzoic acid (Demarco and Thakkar,
1970), flufenamic acid (Ikeda eb aI., 1975), L-lysyIphenylalanine (Inoue et al., 1983), ehlorpromazine
(0tagiri et aI., 1975) and sodium-p-nibrophenolate
(Bergeron and Rowan, 1976). These researchers found that
upfield shifts for these protons at 100 MHz' generally range
from 0.05 p.p.m. to 0.20 p.p.m.
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90

N(CHJ¡
I

CH¡

I

I

5

4

3

d (P. P.M.)

2

I

Table 6. Substrate-induced shiftsa (Aô) for
Sample
CHA-1 gsolee i

thi

CHA.1 gsolee i

thin

(2:1)

(1:1)

n

CHA

protons at

45oC.

H-1

11-2

H-3

H-4

H-5

H-6

+0.02

+0.02

+0.06

+0 .01

+0.06

+0.05

+0.02

+0.02

+0.07

+0 .01

+0.07

+0.05

a3 Determined from chemical shifts measured at 90 MHz relative to Sodium-3-trimelhyl
silylpropionate-2, 21 3r 3, -d4 as external standard in D2O; p.p.m.
A6= ôCHR (free) - ôCHR (mixture)
A positive value indicates resonance at high field from ôCHR (free).
Accuracy + 0.01 p.p.m.
b: molecular ratio
chemical shift values b¡ere the same for samples prepared either without or with
heating at 70oC.

\o

o)

Also, it was noted that the H-5 signal- was closer to
the H-6 peak in free CHA (Figure 9), whereas in the presence
of lysolecithin, the H-5 signal vras closer to the H-2 peak
(Figure 11). The sarne result was observed i.n the work of
Demarco and Thakkar (1970), who examined the complex
formation of CHA wibh p-hydroxy-benzoie acid.
Furthermore, it was observed that in the presence of
CHA, there !.¡ere upf ield shifts of the choline group and CH2
group of bhe fatty acid chain (Table 7). Bony et al.
(1979) found that the melhylene groups of the aliphatic
chain in Iysolecithin, shifted to the upfield by 0.05 p.p.m.
when melittin interacted with lysolecithin micelles. Ikeda
et aI. (1975) examined flufenamic acid-CHA complex and also
observed upfield shift for protons of flufenamic acid, in
the presence of CHA.
Therefore, those upfield shifts of H-1, H-5, H-6 of
CHA, and eholine and CH2 groups of lysoleeithin, suggested
that there v'¡as a complex formation between the CHA and the
lysolecithin. In the experiment, the sane chemical shifls
vfere obtained with the CHA-1ysol-ecithin mixture at the same
component ratio, regardless of heating while prepari-ng these
samples. This vüas eonsistent with result obtained from I.R.
spectra analysis. Furthermore, it could be assumed thab the
of the fatty acid chain was included inbo the
hydrophobic cavity of CHA.
CH¿ groups
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Tab1e

7. Substrate-induced shifbsa (Ao) for lysoleeithin protons at

Sample

thin (10:1)b
CHA-lysolec i thin (2:1)e
CHA-1yso1eci thin (1:1)c

CHA-lyso1eci

d.

45oC.

-N(cH3)3

-cHz-

+0 .08

+0. 10

+0.08

+0.07

+0.08

+0.07

Determined from ehemical shifts measured at 90 MHz relative to sod ium- 3-tr imethyl
silylpropionate 21 2r 31 3 - d4 as external- standard in D2O; p. p. m.
Aô= ôlysolecilhin (free) - ôlysolecithin (mixture)

A positive value indieates resonance at high field from ôlysolecithin (free).
Aeeuracy + 0.01 p.p.m.
b:

Weight ratio.

Molecular ratio.
Chemical shift values vüere the same for samples prepared either without or with
heating at TOoC
\o
LN
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It has been known that the hydrophilic part of the
guest molecule generally remains at the outer face of lhe
cornplex bo ensure a maximum contaet with both fhe solvent
and the hydroxyl groups of cyclodextrin (Griffiths and
Bender, 1973; Szejtli, 199za). Thus based on the upfield
shifts of choline group upon complex formation, it was
difficult to imply bhat this hydrophilic group also was
included inbo the CHA cavity. It was, bherefore, probable
that hydrogen bonding between hydroxyl groups of CHA and the
hydrophilic group of lysolecithin could occur, which might
have aecounted for the upfield shifts of lhe positive
choline group.
Chemical- shifts of protons of CHA and lysolecithin also
vrere examined at various temperaLures (Tab1e B). Bobh free
CHA and free lysolecibhin showed no change in chemical
shifls at 45oC and 90oC. In bhe CHA-Iysolecithin complex
(1:1 mo1/mol), however, the upfield shifts were diminished
as the temperature was increased, suggesfing an equilibrium
shift to dissocialion of the complex. This result vías
consistent with findings of other researchers (Bender and
Komiyama, 1978; Hinze, 1981; Szejtl-i, 1982b), who reported
that cyclodextrin complexes can be dissociated at high
temperatures.

Table 8. Substrate-induced shiftsa (Að) for

CHA

and lysolecithin

protons of

CHA-lysolecithin mixtureb at various temperatures.
Temperature

aa

b

Lysol

CHA

(oc)

H-3

H-5

23

+0 .07

45

ee i

thin

-N(cH3)3

-cHz-

+0 .06

+0"08

+0.06

+0.07

+0.07

+0.08

+0.07

70

+0 .05

+0.03

+0"06

+0.05

90

+0.02

+0 .02

+0"04

+0.03

95

+0 .02

+0 .02

+0"03

+0.03

Determined from ehemical shifts measured at 90 MHz relative to sod ium- 3- tr imethyl
silylpropionate-2, 21 3r 3 - d4 as external standard in D20; p p. m.
For CHA, Aô = 6cHa (free) - ôCHg (mixture).

For lysolecithin,
Aô = ôlysolecithin (free) - ôlysolecithin (mixture).
A positive value indicates resonanee at high field.
Accuracy: + 0.01 p.p.m.
molecular rati-o of
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3. X-rav diffraetion pattern
X-ray diffraclion patterns of CHA and lysolecithin are
shown in Figure 12a and Figure 12b, respeetively. Using a
powder mixture of CHA and lysolecithin at a ratio of 10 to
by weight, an x-ray diffraction pattern vras obtained (Figure
13a) and the diffraction paltern v{as similar to that of the
CHA (Figure 12a) (table 9). In contrast, an x-ray
diffraetion pattern obtained from a heated CHA-lysolecithin
mixture (Figure 13b), differed signifieantly from those of
CHA, lysolecithin, and the physical powder mixture of CHA
and lysolecithin (Figure 12, 13) (Tab1e 9). The differenee
in pattern suggested a different erystal structure, and
therefore, it eould be considered that a CHA-lysolecithin
eomplex h¡as formed. Other workers used the same approach fo
idenlify complex formation of CHA with ibufenae (Kurozumi
et a1., 1975), flavour substances (SzejtIi e! a1., 1979b),
ethyl fatty acid ester (Szejtli et aI., 1979a)t 2chloroethyl phosphonic acid (Budai and Szejtli, 1981) and
0.0-dimethyl-2, 2-dichlorovinyl phosphale (Szente and
Szejbli, 1981 ). They also obtained a significantly
different pattern for the complex, eompared to those of CHA
or guest compound or powder mixbure.
1

4. Differential scanning calorimetry
The differential scanning calorimetry technique detects
heat flow associated with order-disorder transitions, and
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Table

9

X-ray diffraction spacingsa and relative
diffraction intensitiesb of CHA, lysolecithin,

and

their mixtures.
Lysolecibhin

CHA

CHA- I

ysol ec ith in

mixture
( 10: 1 w/w)c

Powder mixture

of CHA and
lysolecilhin
(10:1 w/w)
8.31(0.61)

7.03(1.00)

7.01(0.88)

7.11(1.00)

5.02(0.99)

5.18(0.75)

4.68(1.00)

4.72(0.63)

4.97(0.61)
4.69(0.59)

4.80(1.00)

4.54(0.93)

4.50(0.73)
4.35(0.77)
4.26(0.73)

4.25(0.65)

4.29(0.69)

4.18(0.75)
4.12 (0.97

3.89(0.61)

)

3.99 (0.91)

3.93(0.57)

3.67(0.92)
3.29(0.56)

3.27(0.55)
a

Interplanar spacings
intensiby

(d

) in Å wit,h peaks of strong

Relative diffraction intensities (expressed 1n
parenbhesis) are obtained by normalizing bhe p eak
intensities wibh respect to the maximum peak l- nbensity
c: Prepared with heating at 70oC
b
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therefore, provides thermodynamic information about the
phase transitions (Lelievre, 1973, 1976; Donovan, 1979;
Donovan and Mapes, 1980; Kugimiya et al., 1980).
Lysolecithin showed no endotherm nor exotherm in the
temperature range used (Figure l4a). It has been reported
that 1-palmitoyl lysophosphatidyl eholines exhibited an
endoLhermic transition at 5oC (Jain and Haas, 1981; ManLsch
et al., 1983). The bhermogram of CHA revealed, however, a
broad endothermic curve which peaked aL 92oc and ended at
107oç (Figure 14b). This endotherm was due to the escape of
water molecules from the CHA cavity as observed by other
researchers (Szejt1i, 1977; Szejtli and Budai, 1977; Budai
and Szejtli, 1981; Szejtli, 1982a).
As ean be seen in Figure 15a, when the CHA-lysolecithin
mixture prepared with heabing vüas used, there vras an
endothermic transition which started at 44.5oC, peaked at
6BoC and ended at 77oC, with an enthalpy of 4.00 eaT/9.
This transition corresponded to the dissociation of the CHAlysolecithin complex. The endothermic curve at 92oC which
v{as observed in CHA, was no longer seen. This implied that
water molecules vüibhin the CHA caviby were replaced with a
1ysol eci thin mol eeul e.
0n cooling after heating up to 120oC (Figure 15b),
there appeared an exothermic transition, which started at
57o, peaked at 53o and ended aL 41oc, with an enthalpy of
2.68 eaT/9. This transition indicabed the association of
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with lysolecithin.
From t,his, it seemed that the CHA-lysolecithin complex
was stable at lower temperatures, and as the temperafure
increased, this complex became dissociated. At 90o and
95oC, the complex was dissociated completely, which vüas
consistent with the result obtained by N.M.R. experiments.
It should be noted that this resutt vüas in accordance with
CHA

the resul-ts made by other researchers (Bender and Komiyamat
1978; Horikoshi, 1979; Hinze, 1981). They reported that
most cyclodextrin inclusion complexes were dissociated
completely in waber once the temperature reached 60o-7OoC or
hi gher

.

The binding ratio of the CHA-lysolecithin (palmitoyl)
complex atso was studied by using various molecular ratios

of

cHA

to lysolecithin.

The enthalpies of melting of the

complexes vlere measured and plotted as a function of

lysolecithin/CHA ratio. From the characteristie saburation
ptateau for binding (Figure 16), the binding ratio for CHAlysolecithin complex vras found bo be 3:1 (mo1/mot). The
binding ratio obtained here seems to be in aceordance with
the fact that on an average, five CH2 groups are coordinated

to one cyclodextrin molecule for a complex formation
(Schlenk and Sand, 1961).

110

'l 11

6.0

L¡J
(¡

o
=

5.0

1.0

ÍL
l¡J

o
(J
(J

3.0

Ctì

o

2.0

t.0

0
0

0.2

0.4

0.6

0.8

r.0

LYSO L EC I TH I N / CYC LOHEPTAAMYL0SE(mot/mol

)

112

Turbiditv
Turbidity measurement has been used to confirm the
existence of a complex formation (Szejtli and Budai, 1979;
Szente and Szejtli, 1981). A CHA solution with a
coneentration of 1.00l", and a lysolecithin solution with a
concentration of 0.03-0.30l,, were used in this study. Both
solutions showed 100f. transmittance at room temperature
(20oC). Hence, the appearance of turbidity caused by
crystal formation before the characteristic temperature of
the component cystal-lizaLion I{Ias considered as evidence
for an inclusion complex formation (Szejtli, 1978; Szeitli
and Budai, 1979; Szente and Szejtl-i, 1981).
Figure 17 shows turbidity curves of solution mixtures
of CHA and lysolecithin, measured at 20oC. The solution
mixtures became tunbid with an increased ratio of
lysoleeithin/CHA at 20oC, indicating fhat there is a eomplex
formation between CHA and lysolecithin. Maximum turbidities
were obtained at a ratio of about 15/ 100 (w/w) for
lysolecithin/CHA. This ratio corresponded to a molecular
ratio of approximately 1/3, whieh !ùas consistent with the
5.

resul t obtained by

D.S.C.

curve for various concentrations of the
CHA-lysolecithin complex (1OzZ w/w) measured at 20oC, is
shown in Figure 18. Above a concentration of 2.5 mg/ml, the
suspension of the CHA-lysoleeithin complex vùas turbid.
Considering that the solubility of CHA at 20oC is 1B mglml,
The turbidity
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this result was in agreement with the findings that
cyclodextrin inclusion complexes have been shown to be less
soluble than cyclodextrin itself (French et al., 1949;
Bender and Komiyama, 1978i Szejtli and Budai, 1979).
Figure 19 shows the turbidity eurve of the CHAIysol-ecithin complex (tO:Z w/w) as a funcbion of
temperature. The concentration of the complex was 9.6
mglml, whieh means 0.8% CHA and 0.167l Iysolecithin were
included. As the temperature of CHA-lysolecithin mixtune
solution increased from zOoC, the solution was sti1l turbid
until the temperature reached 33oC. Above 33oC, hovrever,
turbidity started decreasing, and the solution was clear
above

37oC.

As the temperature of the solution decreased from

B5oC,

the solution was still- elear down to 27oC, and then below
27oC, turbidity started inereasing. A maximum tunbidity was
obtained at 26oC. Considering the fact that there hras no
cnystal formation for 0.8% CHA or 0.16i/ lysolecithin down to
zOoC, the appearance of turbidity implied a complex
formation of CHA-lysolecithin. Conversely, the
disappearance of turbidity indicated the dissoeiation of the

lysolecithin eomplex.
The higher dissociation temperature than the
association temperature indicated t'hat a considerable
supercooling occurred during crystall-ization (Szeitli and
Budai , 1979). This hysberesis al so !'ras observed in the
CHA-

120

D.S.C. bhermograms obtained on heating and cooling (Figure

15). On comparing these data with the data obtained by fhe
D.S.C., lower temperatures and narroü¡er temperature ranges
$¡ere observed with turbidimetrie measurements. This may be
due to the faet that lower concentration of the eomplex
(0.96í) v¡as used in the turbidimetric measurement than thaf
(13,5%) used in the D.S.C. This result was in aceordance
with the finding by Szejtli and Budai (1979), who reported
that increasing coneentrations of CHA solution and guest
molecule inereased the temperalure at which crystallizaLíon
started. In the ease of bhe dilute solution, the onset of
turbidity took place at lower temperature bhan in
concentrated solution (Hayashi eb al., 1983b).
Thus the resulls obtained proved that in concentrated
cold solutions, the equilibrium is shifted towards
complexation, while in warm, diluted solutions, the included
guest mol-eeu1e is released (Szeitli and Budai, 1976;
szejfli, 1982b).
6. GeI-filtration chromatosraphv
Elution profiles of CHA and lysolecithin on Bio-Gel- P-2
are presented in Figure 20a and Figure 20b, respectively.
The molecular weight of the lysoleeithin peak was estimated
lo be abouL 1950 daltons from a sbandard curve of 1og
mol-ecular weight versus VE/Ve (elution volume/void volume).
Considering that the molecular weight of a single
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lysolecithin molecule is U95.6 daltons, it was noted that
about 4 molecul-es of lysolecithin formed micelles in the
chromatographic procedure.

ü1 of 5.43 mglml of CHA-lysolecithin complex
( t : t mol/mo1 ) was appl ied to the column, there !{as a
distinct CHA peak, but a negligible lysolecithin peak was
observed. ThÍs was presumably the result of too low
concentration of lysolecifhin to be detected by the
ref raeti ve index detecbor. I'lhen higher e oncenbrations of
lysoLecibhin vüere bried with CHA, a Iysolecibhin peak was
cl-early visible as well as the CHA peak as shown in Figure
I'rlhen 400

20e.

The CHA contents of fractions v'¡ere determj.ned by

phenol-sulfuric method. It was found that all the CHA was
recovered in the CHA peak and there was no CHA present in
the lysolecibhin peak. This implied that the CHA could be
separated from Iysolecithin even at room temperature (20oC)
on a column of Bio-GeI P-2.
by gel-filtration
Since the sample of CHA-lysolecithin solution was
eluted with water in moving phase, it seemed that the CHAlysolecithin mixture sol-ution became diluted so that the
equilibrium was shifted towards a dissoeiation of the
complex. For this reason, it vúas not possible to obbain a
peak for the CHA-lysolecithin complex by ge1-filtration
chromatography.
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D. Effect of CHA on Am lose-Lioid Interaction.
The effeet of CHA on amylose-1ipid interaction was
examined using X-ray diffraction, D.S.C. and turbidimetric
measurements.

X-rav diffraction

pattern

Figure 21a shows an X-ray diffraction pattern of
amylose. The pattern became more eomplicated as amylose vlas
mixed with CHA in sol-ution while heating (Figure 21b). It
can be noted, however, that the X-ray diffraction pattern of
the amylose-CHA mixture was similar to that of the physical
powder mixture of amylose and CHA as shown in Fi-gure 21c
(Table 10).
Since there was no significant difference between these
two patterns, it eould be assumed that amylose and

CHA

did

not form a complex. According to Paát and Szejtti (1981),
the interaetion between CHA and D-glucose, when strongly
hydrated in aqueous solution, was very weak, and eould be
negl ected

.

Amylose-lysolecithin complex (10:t w/w) showed the
characteristic V¡ (hydrated) type pattern as given in Figure
22a. ït had strong intensities at 6.92i, and 4.48 Å (TabIe
11). This pattern closety resembled V¡ Pattern of amylosemonoglyceride complex reported by Osman et aI. (lg6l) or
that of amylose-n-butanol complex by Zobel (1964) or that of
amylose-palmitic acid complex by Takeo et a1. (1973).
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Tabte 10. X-ray diffraction spacingsa and relative
diffraction intensitiesb of amylose, amylose-CHA
mi

xtures

Amyl ose

Amylose-CHA
mi

(
7
5

.03 ( 0.85

xturec

1:1

w/w)

.09 ( 0.99

)

Powder mixture of
amylose and CHA
(

l: I

w/w)

7.13(1.00)

)

4.75 ( 0. B5 )
4.53 ( 0.94

)

4.55(0.86)

4.57(0.89)

4.27(0.96)

4.31(0.92)

4.23(1.00)
4.08(1.00)

a

b:

c

3.91 ( 0. 86 )

3.94 ( 0.87

)

3.29 ( 0.77

3.32( 0.70

)

)

Interplanar spaeings (d) in i of peaks with strong
intensity.
Relative diffracbion intensities (expressed in
parenthesis) are obtained by normalizing the peak
intensities with respect to the maximum peak intensi-ty.
Prepared with heating at 70oC
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Table

1

1.

X-ray diffraetion spacingsa and relative
diffraction intensitiesb of amylose-lysolecithin
complex, powder mixture of amylose and

lysolecithin,
mi

xture

.

Amylose-lysolecithin
compl ex
( to:
w/w)

I

and amylose-lysolecithin-CHA

Powder mixture
of amylose and

lysolee i thi
( 1o:

t

w/w)

n

Amylose-1yso1 ec i th i nCHA

mi

xturec

('lo:1:lo

w/w)

7.08 ( 0.78
6

)

.92( 0. 38 )
4.78 ( o. 96 )

4.68(o.BB)

4.48(1.00)

4.46(1.00)

4.54(1.00)

4.29 ( 0.97

4

)

.26 ( 0.77

)

4.14(0.95)

A.

Interplanar spacings (d) in A of peaks with strong
i ntens i by

b: Relative diffraetion intensities (expressed in
parenthesis) are obtained by normalizing the peak
intensilies with respect to the maximum peak intensity
c3 prepared with heating at 90oC
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In contrast, the powder mixture of amylose and
lysolecithin (10:l w/w) showed a quite different pattern as
shown in Figure 22b. Thus, a physical mixture of amylose and
lysolecithin was unable to form a eomplex. I'Ihen amyloselysolecithin complex was heabed at 90oC in the presence of
CHA, the V-pattern b¡as no longer apparent and fhe
diffraction pattern was more complicated (Figure 22e), Also
the spacings were not identical to those of CHA-Iysolecithin
complex (TabIe 9). The lack of V-type dj-ffraction spacings
of the amylose-lysolecithin compl-ex did suggest that the
presence of CHA interfered with the formation of V-type
crystals of the amylose-Iysolecithin complex.
2. Differential scanning ealorimebry
As shown in Figure 23a, amylose gave neither an
endothermic nor an exothermic transitÍon, which was in
agreement with observation by Kugimiya and Donovan (1981).
AIso, the amylose-CHA mixture (1:1 w/w) showed neither an
endotherm nor an exotherm in the temperature range used
(Figure 23b). Thus, it appeared that there ¡tas no complex
formation between amylose and CHA as observed in x-ray
diffracbion experiment.
Thermograms of the amylose-lysoleeithin complex (10:'1
w/w) obtained on heating and cooling, are given in Figure
24. 0n heating, lhere !.Jas an endothermic transition al
1O3og, which l¡¡as spread over 8Bo-112oC, with an enthalpy of
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4.91 eal/9.

0n cooling after heating' there was an

exothermic transition ab 87oC, which was spread over 93077oC, with an enbhalpy of 4.39 eaT/9. These transitions
corresponded to melting and association of bhe complex,

respectively. Therefore, it !.Ias apparent that formation and
dissociation of the amylose-lysolecithin complex was fulty
reversible (Kugimiya and Donovan' 1981). The results
obtained for the amylose-lysolecithin complex, were i.n fair
agreement with dala reported by Kugimiya and Donovan (1981)'
who observed 1O5oC for the melting peak temperature and 4.75
ca|/g for enthalpy of melting of bhe amylose-lysolecithin
compl ex

.

As in the CHA-lysolecithin complex, (Figure 15)'

a

thermal hysteresis was noted in the thermograms of the
amylose-Iysolecifhin complex. Bulpin et al. (1982) al-so
observed thab amylose-palmitate complex exhibited a thermal
hysteresis, i.e. 103o6 for melting, and 93oC for association

of complex.
to bhe amylose-lysolecithin eomplex,
and heated at 90oC for t hour, the resulling ternary system
showed two endothermic transitions (Figure 25). The first
transilion at 57.5oC, and the seeond ab 98.5oC,
corresponded to melting of the CHA-lysolecilhin complext
and melting of amylose-lysolecithin complex, respectively.
lower than those obtained
These temperatures were a little
from the respective binary system. Enthalpy values also
r¡'lhen CHA was added
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were reduced in the ternary system, i.e. the enthalpy for

the melting of bhe amylose-lysolecithin complex was reduced
to 1.74 caL/ g amylose f rom 4.91 caL/ g amylose in the
presence of CHA. Likewise, the enthalpy for the melting of
the CHA-lysolecithin complex was reduced to 2.58 cal/g CHA
from 4.00 eal/ g CHA in the presence of amylose.
From this result, it was assumed that amyloselysolecithin complex could be dissociated at 90oC in the
presence of CHA. Furbhermore, it could be considered thal
amylose and CHA competed for binding of lysolecithin.
Thermograms of wheat starch exhibited two endothermie
transitions, which are shown in Figure 26a. The
gelatinization endotherm occurred at 64oC and was spread
over the range of 54.5-75.5oC, with an enthalpy of 2.34
caL/g (taute 12). This resull v,ras in agreement with data
reported by Kugimiya et al. (1980), who found the
gelatinization endotherm at 65oC with an enthalpy of 2.6
cal-/g for wheat starch. Also, Stevens and Blton (1971)
oblained enthalpy values of 2.4 to 2.9 caL/ g f or various
wheat stareh samples.
The high temperature endobherm at 95.5oC, with the

range of Bl-to1.5oc, had an enthatpy of 0.44 ca|/9. This
high temperature endotherm was known to be due to the

melting of amylose-Iipid complex in cereal starch (Kugimiya
et a1., 19BO; Butpin et a1., 1982; Russell and Juliano,
1983). Since there was an exotherm immediately following
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Table 12. Transibion temperaturesâ and enthalpy valuesb
of amylose-lysolecithin-CHA system and wheat
starch-lysolecithin-CHA system.
Melting of

Gelatinization

Sample
To

Tp

Tc

(oc)

AH

(caL/ e)

t w/w)
Amylose-lysolecithin (10:l w/w)
Amylose-lysoleci thin-CHA
(10:1:10 w/w)
CHA-lysolecithin

( 1O:

To

Complex

Tp

AH

Te

(callg)

(oc)

44.5 68.0 77 .0 4.00
88.0 103.0 112.0 4.91
2.58
37 .0 57 .5 7 1 . 0
81.5 98.5 107.5 1.74

Wheat stareh

54.5 64.0 75.5 2.34 85.0 95.5 101.5 0.44
l,theat starch + CHA ( t: I w/w)
8.27
54 .5 65 .0 94 .5
Defatted wheat starch
2.31
56 .0 64.0 76 .5
Defabted wheat starch + lysoleeibhin (10:t w/w)
2.63
00 .0 09 .0
1 .74 89 .0
57 .0 64 .0 73.5
Defatted wheat starch + lysolecithin + CHA (10:1:10 w/w)
56.0 66.0 80.5 3.18 90.0 100.0 108.5 0.85
1

a, b:

a:

mean values obtained from a minimum
determi nat i ons

accuracy + 0.5oC

To:

onset temperature

Tp:

peak temperabure

Tc:

conclusion temperature

1

of duplicate

b: accuracy +

4 .51"
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bhe gelatinization endotherm, it seemed bhat the formation

of amylose-lipid complex oecurred upon gelatinizabion of the
wheat sbareh, âs observed by Kugimiya, et al. (1980).
Again, t,he vaLues obtained in this experiment for the
melting of the amylose-lipid complex, agreed well with data
reported by Kugimiya et al. (1980), who observed the second
endotherm at 96oC wibh an enthalpy of 0.5 eaL/g for wheat
starch.

Addition of CHA lo wheat starch caused a larger
endotherm with a second one at a high temperature compared
to the gelatínization endotherm of wheat sLarch on1y. Also,
an increase in enthalpy value for the gelafinization
transition (Figure 26b, TabIe 12) was obtained. In
addition, the endothermie transition for melting of the
amylose-1ipid complex disappeared. There v¡as no difference
in onset temperature (To) and peak temperature (Tp), but a
significant change in eonclusion temperature (Tc). A1len
et a1. (1982) reported thal addition of sucrose caused an
increase in the gelatinization enthalpy values and
transitÍon temperatures for wheat stareh. It also bras
reported that as the amount of water available for bhe
starch decreased, the gelatinization endotherm developed a
trailing endotherm at higher temperature, and the conclusion
temperature of bhe gelatinization endotherm increased
(Donovan, 1979; Etiasson, 1980; Burt and RusseIl, 1983).
Therefore, it coul-d be presumed that addition of CHA to
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wheat starch may have reduced the available water for

gelatinization of wheat starch. This inhibitory effect of
CHA seemed to be effeetive only after the starch was
gelatinized to some extent, to allow the CHA penetration
into the gel phase of bhe starch. Another possibitity is
that the escape of water from CHA cavity, and fhe
dissoeiation of CHA-tipid complex may have contributed to
the high enthalpy val-ue of the gelatínization endothermic
bransition.
From the disappearance of the endothermic transition
for the melting of the amylose-1ipid complex, it could be
explained that the presence of CHA interfered with the
formation of amylose-Iipid complex or promoLed the
disruption of bhe amylose-lipid complex. This effect was
similar to that of defatting of the starch, because it has
been reported bhat defatting eliminated or redueed the
endolhermic transition for melting of amylose-Iipid
complexes in cereal- starches (Kugimiya et al., 1980;
Kugimiya and Donovan, 1981; Bulpin et al-., 1982; RusseIl
and Juliano, 1983).
In defatted wheat starch, there !,Jas an endothermic
transibion at 64oC, but no endothermic transition for
melting of amylose-Iipid complex was observed, in spite of
bhe fact that the defatted wheat starch contained 0.4% lipid
(Figure 27a). The disappearance of the endotherm near 100oC
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upon defatting was in agreement with results reported by

other workers (Kugimiya et al., l9B0; Kugimiya and Donovan,
l9B1; Bulpin et a1., 1982; Russell and Juliano, 1983).
These workers also could not compLetely remove all the lipid
from the stareh.
As noted in Figure 26 and 27, and Tab1e 12, there !,¡as
almost no differenee in gelatinization temperatures and
enthalpy values between wheat starch and defatbed wheat
starch. This resul-t was consistent with the observations
made by Lorenz (1976) and Kugimiya et al. (1980).
Accordingly, the above result implied that lipids removed
from wheat starch upon defatting did not exist as a bound
form of amylose-lipid complexes. Therefore, it was assumed
thab all or most of the amylose-Iipid complexes which !,,ere
shown in the D.S.C. scan, were formed exothermically
immediately after gelatinization, as indicated by Kugimiya

et ar.

(1980).

!'lith the addition of lysol-ecithin lo the defatted wheat
starch, there appeared a pronounced endothermic transition
for the melting of amylose-lysolecibhin complex at 100oC
(Figure 27b). This temperature was a little higher than
bhat for the amylose-lipid eomplex in native wheat starch
(Table 12). It has been reported that the melting
temperature of the amylose-1ipid complex was determined by
the type of lipid (Kim and Robinson, 1979; Davies et al.,
1980; Hoover and Hadziyev, 1981b) and the water content
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(nfiasson, 1980, Donovan and Mapes, 1980 Hoover and
Hadziyev, 1981a;). Since the volume fractions of water !.¡ere
almost the same in both samples, this difference in melting
temperatures was presumably due to the different
compositions of fatty acids in lysoleeithin, and the
presence of free fatty acid in native wheat starch. It was
reported t,hat the thermal stability of the amylose-1ipid
complexes decreased with increasing degree of unsaturation
for the unsaturaled fatty aeids (Heitbronn and KoniecznyJanda, 1983). Therefore, the presence of unsaturated fatty
acids, especially linoleic acid, could affeet the melting
temperature of the amylose-1ipid complex in native wheaL
starch. Besides, the melting temperature of the amylosefree fatty acid complex was reported to be l-ower than thal
of the amylose-1ysol-eeithin eomplex (Kugimiya et al., 1980;
RusseLl and Juliano, 1983).
Upon addition of lysolecithin to defatted wheat starch,
there vJas no change in gelatinization temperature, compared
to defatted wheat stareh alone. The enthalpy of the
gelatinization transition of defatfed wheat stareh with
smaller than fhab
added lysol-ecithin, however, was a little
without Iysolecithin (taUte 12), This resul-l was in
agreement with that reported by Kugimiya and Donovan (1981).
Eliasson et a1. (1981b) observed that both the
gelatinization temperature and the gelatinizat'ion enthalpy
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were not influenced by the lipid

added. Accordingly, the
results obtained here confirmed that most of the added lipid
formed a complex with amylose immediabely after

gelatinization as suggested by Kugimiya eb aI. (1980).
I^lhen CHA and lysolecithin were added together to the
defatted wheat starch, there v.¡as an increase in
gelatinization enthalpy and reduction in enthalpy of the
amylose-1ysol-ecifhin eomplex, when compared to the defatted
wheat sbarch-lysolecithin system (Figure 27e, TabIe 12).
Besides, the Tc of gelatinization transition increased while
To and Tp remained constanl, compared to lhe defatted wheat
starch-Iysolecithin system. Inereases in gelatinization
enthalpy and Îc suggested that CHA inhibited starch
gelatinization. This inhibitory effect of CHA observed here
probably was due to the large amount of the CHA added to the
defatted wheat starch. In addibion, the endothermic
bransition of CHA-lysolecithin complex might be included in
the broad gelatinization transition. The reduction in
enthalpy of the melting of bhe amylose-lysolecithin complex'
in the presence of CHA, did indicate thal CHA interfered
with the forrnation of amylose-lysoleeithin complex in wheat
starch.

Turbidit
The solution of amyl-ose-1ipid complex is tunbi.d. The
extent of amylose complexing with Iipid, therefore, has been

150

151

06

0.5

I
o

E

c

A

a4

o
^¡
lr,
lrl

zL) 03

A

c0

É.

I

fD

0.2

¡
o

t
o

01

65

75

85

TEMPERATURE(

.C}

95

152

a turbidimetrie assay (Longley and Mi11er, 1971;
Hoover and Hadziyev, 1981a). In the present study, the
turbidity of the amylose-lysolecithin eompl-ex was examined
in the presence of CHA at various temperatures, in order to
find out whether CHA had any effect on dissolving the
amyl ose- Iysol- ec i thin compl ex.
ldit,hout CHA, a solution of amylose-lysolecithin complex
whieh had been heabed for 30 minutes ab 95oC was still
turbid. This indicated that the amylose-lysoleeilhin
complex could not be dissociat,ed at 95oC (Figure 28). This
was also observed in D.S.C. (figure 24, TabIe 12). The
solution, however, became clear when heated in the presence
of CHA. The decrease in turbidity v{as promoted with
increased heating temperature and increased eoneentration of
CHA. At 1.5% CHA and 75oC, the turbidity decreased by
approximatel-y 70% from that of the amylose-1ysol-ecithin
solution. Accordingly, this result suggested that
dissociation of amylose-lysoleeithin complex could occur in
the presence of CHA before its melting temperature (nean
100oC). The degree of dissociation depended on the heating
temperature and the concentration of CHA. Atl the amyloselysoleeithin complex seemed to be dissociated at 1.51" CHA
and 95oC, judging from the turbidity of amylose solution
itself (AUs. 0.115).
After cooling to 20oC, the turbidities of the solutions
increased eompared to those measured at the heated
examined by
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temperatures (Figure 29). The same trend of turbidity
change as in Figure 28, was observed. This increased

turbidity implied that the association of amylose with
lysolecithin and/or the association of CHA with lysolecithin
could occurr âs temperabure decreased.
E. Effeet of CHA on l"lheat Flour Dough Characteristics.
Pasting properties and enzymic susceptibili-ty are very
important in industrial processing and baking. It v,¡as,
therefore, of interesb to investigaLe the effects of the
addifion of CHA to wheat flour doughs. The amylograph
viscosity, fatling number, farinograph characteristics and
bread characteristics were examined in this study.
flheat flour used in this study contained 13.71, moisture
and 12.8% protein (as is basis). Amylograph peak viseosity
was 480 B.U. using 65 g flour and 460 mI water. The falling
number value was determined to be 462 see. using Jg flour
and 25 ml water, and 295 sec. using 5 g flour and 25 ml
waber. o-Amyfase activity in wheat fl-our was 4.1 mEUg-1
using the Phadebas cr-amylase method. There llas no q-amylase
detected in the inaetivated flour prepared according to the
method of Meredith (1970).

1. Amvloera oh viscosibv
Sinee

CHA

increased the viscosity of starch pastes

(Figure 5) and inhibibed the hydrolysis of starch granules

Figure 29. Effect of CHA on the turbidiby of
amyl ose- lysol ecithin compl- exes at,

various temperatures.
(measured at 2OoC)
amylose: lysoleci

0 = 0f" CHA
f = 1.01" cHA

thin =

10:

1

w/w

| = 0.5% cHA
| = 1.5% CHA
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by o-amylases (VJeseIake and Hi11, 1983), ibs effect

on

amylograph viscosity of the wheat starch was tested in the
absence and presence of o-amy1ase.

In fhe absence of cx-amylase, there was no difference in
maximum viscosity of starch pastes upon t,he addition of
various concentrations of CHA (Tab1e 13). The temperature
at maximum viscosity, however, vras shifted to lower
temperatures as cHA concentration was increased (Figure 30).
In addition, breakdown and set back of the starch paste
inereased as CHA concentrabion increased. pasti_ng
temperature remained constant aL arl cHA concentrations.
Pasting temperalure corresponds to bhe initiation of the
first stage of the viscosity inerease in the srarch paste.
Therefore, no change in pasting temperature with added cHA
was consistent wilh the previous findings thab there hras
liftle effect of CHA during the first-stage swelting of
wheat starch. Tn the second-stage of sweIIing, however,
swelling and release of soruble carbohydrate occurred at
lower temperatures in the presence of CHA (Figure 2 and
figure3). This increased the bime during which starch was
exposed to shear in the amylograph. This shift to lower
temperatures arso accounted for the bemperature shift of
amylograph peak viscosity. Increased swelling of t,he ge1
would make the matrix more susceptible to shear in the
amylograph, and could have aceounted for the increased
break-down and set back in gels eontaining CHA.
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TabIe 13. Amylograph peak viscositya ot wheat starch
flour in the presence of CHA.
CHA

and

concentration

(%)

0

0.5

1.0

1.5

( 13 .7 %)b

840

845

850

855

(13.0f)b

700

700

700

700

System

0

-amylase

!'lheat starch

(13.7Ðb

+v

320

355

3Bo

390

(13.0Í)b

+d

305

345

380

380

960

995

+e

380

480

500

500

f

840

870

895

900

Sound wheat

flour

(14.4%)b

1020

1

020

llheat f lour
(t4.ug¡u

ô

a: Brabender Units (8.U.);
det ermi nat i ons

b:
c:
d:
ei
f:

dry basis (w/w)
990 I.D.C. units
825 I.D.C. units
Wheat flour with
l¡{heat f lour with
acid treatmenb

Mean

value of duplicate

of o-amylase vüas added
of o-amylase was added
endogenous cr -amylase
endogenous o-amylase

inactivated

by
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Melvin (1979) and Eliasson et a1. (1981a) reported
lower peak temperatures, increased breakdown and set back
upon the removal of lipid

from wheat starch. Also, Hizukuri

and Takeda (1928) observed lower peak bemperatures and

increased breakdown when straight chain primary aleohors
btere added bo starch. They attributed these to exchange of

the alcohols for the lipids in the amylose-ripid complexes.
0n the other hand, it was reported lhat addition of polar
lipid to the defatt,ed wheab starch resulted in a decrease in
viscosity during the first step in the pasting curve
(Medcalf et a1., 1968). Lower peak temperature, increased
breakdown and set back obtained here supported the
contention that CHA disrupted amylose-1ipid complexes.
!''lhen ç¡-âmYlase IdaS present in the wheat starch
suspension, however, CHA increased the amylograph peak
viscosity slightly (Tab1e 13). This may have been caused by
inhibition of starch granule hydrorysis by o-amylase in the
presence of cHA (wesel-ake and Hi1l, 1983). The ratio of cHA
to wheat starch was about a hatf to a quarter, compared to
those used by I'iesetake and HiIf (tg8l). Thus, it was
assumed thaf cHA did not completely inhibit enzyme binding
to and hydrolysis of starch granules ab the concentrations
used here. The increase in amylograph paste viscosity was,
theref ore, smal- I .
The effect of CHA on a wheat flour having a Iow
amylograph viscosiby due to o-amyrase was greater than lhat
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observed wibh wheat starch with added cr,-amylase (TabIe 13).

inactivated wheat f tour or sound wheat f rour was used,
there was stil1 an increase in amylograph viscosity due to
CHA, but not as great as that observed in wheat flour
containing endogenous cr-amy1ase. Hence, the effect of CHA
on wheab flour viscosity cannot be explained sole1y on the
basis of increased starch swelling and solubility, nor on
inhibibion of starch granule hydrolysis.
rn frour, the release of sol-ubilized starch exudate can
be delayed by other flour components, either through eomplex
formalion, and/or limiting the amount of water avairable for
stareh hydration (Derby et a1., 1975; Olkku et a1., 19TB;
01kku and Rha, 1978; Eliasson, 1983). This delay may be
alreviated by cHA through conplexing with these components.
Thus, it seemed that interaction of CHA with flour
components may have contribut,ed to the increase in
amylograph viscosity of flour containing no o-amy1ase.
lrlhen

2. Falling number
Tabte 14 shows bhe effect, of CHA on the fatling number
of wheat starch and wheat flour. As the concentrati_on of
CHA increased, the falling number declined. A similar
ef f ect was nobed even when o-amylase v,Jas inacti vated in the
flour preparation. At a cHA concentration of 1.5%, falring
by 15*161/, regardless of whether or not
o-amyl-ase was present in wheat flour. CHA had a similar

number was reduced
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effect on wheat starch. The inhibitory effect of CHA on qamylase activity could not be observed in this mebhod. This
method revealed only the pasling property of the wheat
starch and wheat flour.
The amylograph and the falling number methods differ in
several properties, notably rates of heating' sample
concentration, and rates of shear during mixing and during
sensing of viscosity (Meredith, 1970). Hence, one or aIl of
these factors coul-d account for the differences observed in
the effects of CHA on amylograph viscosity or falling number
of wheat starch/f1our systems. Cycloheptaamylose lowered
the temperature at which amylose was leached and starch
granules swel-Led. This would, in effect, increase the time
during which starch granules were exposed to shear in the
falLing number test, eonsequently lowering the falling
number.

3. Farinograph characterisbics
Farinograms of wheat flour in the presence of CHA are
shown in Figure 31. Most of the farinograph characteristics
were altered by addition of CHA t,o the dough (taUte 15). As
CHA concentration h¡as increased to 1.6%, farinograph
absorption increased by 2.2%. Dough development time
inereased to 6.8 min. aL 1.0 to 1.4f CHA, then declined
stightty to 6.5 min. at 1.6% CHA. Mixing stability was
eonsiderably increased by 0.8 % CHA compared to the control.
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Table '14. Falling numberâ of wheat starch and frour in rhe
presence of CHA.
CHA

System

cx

-amylase

t'lheat starch
(tu.91¡u

0

concentration

0.5

(%)

1.0

1.5

6t2

445+2

394+

+e

350+6

337+4

ll0+

1

309+2

+d

295+4

274+1

260+2

248+1

216+1

204+2

196+6

184+3

1

lB

367 +5

Vtheal flour

(rrr.utr¡u

Â

A.

Seconds; mean + standard deviation for three
d eb

b:
c:
d:
e:

ermi nat i ons

dry basis (w/w)
330 I.D.C. units of o-amylase was added
Wheat flour with endogenous o-amylase
l,lheat flour with endogenous a-amylase inactivated
acid treatment

by

164

165

o.5 %

colrTRoL

r:ii

cHA

)

1.O o/o

1,4 o/o CHA

.1.6

CHA

o/o CHA
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Table 1 5. Farinograph characteristics of wheat flour in the
presenee of CHA.

CHA

Far i nograph
absorpt i on

(%)

(%)

0

64.

Dough

development
t ime
(min. )

Mixing

stability
(min.

)

Mixing
tolerance
i ndex

(8.u.

B

4

2

11.3

10

0.5

65.2

5

5

22.3

17

0.8

65.4

6

5

24.0

10

1.0

66 .0

6

B

19.5

10

1

4

66.6

6

B

15.2

10

1

6

67 .0

6

5

12.0

10

)
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Then, upon furbher addition of CHA, mixing st,ability

declined. Al 1.6% CHA, the mixing stability r^ras similar to
that of the control. Dough breakdown after peak development
as measured by bhe mixing tolerance index, also increased a
smal1 amount upon addibion of 0.5% CHA compared to the
control, but showed no effect at higher CHA eoncentrations.
The increase in the stickiness of the dough, which
tends to increase dough consistency (Bloksma, 1971), was
probably due bo the increased concenlration of hydrophilic
substance in the water phase. This hypothesis was supported
by the increased water absorption observed in the
farinograph curve upon addition of CHA.
Also, previous work showed that CHA interacted with
lipid to affect the viseosity of stareh pastes. Thus, CHAlipid interaction in the flour could affect farinograph
characteristics. Besides, several researchers (Wilham et
â1., 1959; Jones and Erlander, 1967; Dah1e, 1971; Dahle et
â1., 1975; Huebner and VJal1, 1979; Gtabe and Silverbrandt
1980), attributed inereased farinograph absorption,
increased dough developrnent time, increased mixing sbability
mainly to bhe polysaccharide-protein interactions. Henee,
changes in farinograph characterisbies upon addition of CHA,
suggested that there may be an interaction of CHA with
protein in the f1our. Therefore, it cannot be discounted
that interactions of CHA with flour components couLd
contribute to the changes in farinograph characteristics.
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ït has been reported bhab deterioration in baking
quality oceurred when farinograph water absorption and dough
development time decreased and mixing tolerance index
i.ncreased (lbrahim and DrAppolonia, 19791' Lukow and Bushuk,

1984). Thus, resulbs obtained here suggested that an
improvement in baking quality eould be accomplished with
addilion of CHA.
4. Bread characteristics
Loaf volumes increased as CHA was added up to a
concentration of 0.8% CHA (Figure 32). Between 0.8 and 1.4%
CHA, there was no further change in loaf volume. At optimum
CHA eoncentrations, loaf volume increased by 12%.
External- and internal loaf characteristics of breads
prepared in the presence of CHA are shown in Figure 33.
Dough handling properties were very good for all samples.
Generally bread charaeteristics were excellent. AII the
breads showed good Ioaf symmetry, brown to reddish brown
crust eol-orr âverage crust thickness, cnisp crust bexture,
sofl erumb texture and medium whibe crumb color. Breads
made with CHA, however, showed more holes in the crumb
grain, which may account for the increased volume.
Sinee dextrin-protein interaction has been shown to
affect loaf volume (Cawfey, 1964 ;Glabe and Silverbrandt,
1978, 1980), the interaction of CHA with protein eould have
contribut,ed to the improved l-oaf volume. Also, it has been
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reporned that the polar lipids have a generally benefieial

effect in baking, whereas the non-po1ar Iipids cause a
progressive deterioration of Ioaf volume and texture
(MacRitchie, 1981). The function of lipids in baking is
known to be rel-ated to their effeets on the formation and
stability of the gas ceI1 structure of dough. Therefore,
interaebion of CHA with lipids in flour could affeef the
baking quality. In addition, interacbion of CHA with other
components in complex dough system cannot be diseounted.

170

171

900
880

-

o-f-¡
o

^

o

O 800
\/

o
E

840

J

-o 820
rÞ
(ú

o

J

800
780
o

o.5

1.O

Cycloheptaamylose (

1.5

Vo )

2.O

172

173

coltrRoL

3 , -tTlt

'-,\,

:\

'{"¿r*!-f¡/

I

l0

¡/'¿'¡

t6

''

'a..\

\
^þ-

'

174

V.

GENERAL DTSCUSSION

The resul-t of this study provides new information that

exhibited a promotive effect on wheat starch pasting.
such starch characteristies as swelling povùerr sotubility,
amylose leaching and viscosity were all increased in the
presence of CHA. This effect of CHA appeared to be due
either to interference of cHA with the formation of amyloselipid complexes, or to disruption of existing amylose-lipid
eomplexes during pasting. The degree of the CHA effect was
found to be a function of temperature and eoncentration of
CHA. Complex formation between CHA and lysoleeithin, which
is a major component in wheat starch lipid, was also
eonfirmed using several experiments.
Lipid remaining in the partially defatted wheat starch
seems to be firmly bound-internal lipid (Acker and Schmitz,
1967 arb; !,lren and Merryf ield , 1970; Morrison, 1981). The
D.S.C. result, however, showed that there was no endothermÍc
transition of melting of amylose-lipid complexes in
parlially defatted wheat starch (Figure ZT), as observed by
other researchers (Kugimiya et al., 1980; BuIpin et al.,
1982; Russell and Juliano, 1983). Therefore, it was not
possible to determine whether the lipid remaining in the
defabted wheat starch existed in an amyrose-1ipid complex or
was just tightly entrapped between starch molecules.
AJ-though pre-existence of amylose-lipid complexes in native
CHA
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slarch has not been firmly establised (Kugimiya et al.,
19BO; Morrison, 1981), several researchers (Wren and
Merryf ield, '1970; Acker and Becker , 1971; Acker, 1977;
Morrison, 1978a,c) have claimed the presence of amyloselipid complexes in native wheat starch. According bo lrlren
and Merryfield (1970), up to 25{ø of the amylose appeared to
be complexed with r ipid in wheat starch. !'lhether lipid
exists in an amylose-lipid complex or not' this study
considered both possibilities,

and concentrated on the

effect of CHA on the interaetion between amylose and li.pid
in wheat starch.
Figure 34 shows a schematic representation of what may
be occurring when amylose and tipid in wheat starch undergo
heating in the absence and presence of CHA. In the absence
of CHA, the formation of the amylose-fipid complex oceurs
above the gelatinizabion temperature and dissociation does
not take place until the melting temperature of the complex
is attained. CHA interferes with amylose-lipid complexes,
lhus reducing the proporlion of these complexes in the
system.
CHA

increased the gelatinization temperature only

It was also observed that the CHA effect on
pov,¡er, solubility,
amylose leaehing and viscosity
was minimal near the gelatinization temperafure.
stightly.
swelting
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Furthermore, from the experiment using radioactive CHA, CHA

only in the water phase and did not enter the
ungelatinized granule (Tab1e 5). These results suggest that
CHA was effective only after the hydration of the starch
granules. Since the gel phase of ungelatinized starch
granules has been shown to have an estimated exclusion limit
of 1000 daltons (Brown and French, 1977), it seemed that at
around the gelatinization temperature, most of the CHA bras
excluded from the gel phase of the starch granules, beeause
of steric hindrance. Therefore, it appeared that CHA
penetrated into swollen starch granules after starch was
gelatinized.
The stighb shift to a higher gelatinization temperature
in the presenee of 1.5% CHA, however, suggesbed that CHA may
compele with starch for water like other sugars
(DtAppolonia, 1972; Derby et al., 1975, Savage and 0sman,
1978) during gelatinization.
In the presence of 8.5% CHA,
wheat starch exhibited two gelatinization endothermic
transitions with an increased conclusion temperature and
enthalpy value (Figure 26). There was no change in the
onset femperature and peak temperature between wheat starch
and wheat starch with added CHA. This effect of CHA on
gelatinization of wheat starch was therefore, somewhat
different from the observation of AIlen et aI. (1982) using
sucrose, who found that addilion of suerose delayed the
onset, peak and eonclusion temperatures, and increased the
was found
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enthalpy vaIue.
As the temperature of lhe starch paste increases above
the gelatinization temperature, lipid entrapped among starch
molecules, becomes mobile (0hashi et al., 1980). Since
bhere was no difference in gelatinization temperatures

and

enthalpy values between wheat starch and defatted wheat
starch (Table 12), it seemed that lipid removed from native
wheat starch upon defatting, did not exist in an amylose-

lipid complex. It appeared, therefore, that amylose
interacted with Iipid to form an amylose-lipid eomplex afber
gelabinization as suggesled by Kugimiya et aI. (1980)' and
Kugimiya and Donovan 11981). The presence of an endothermic
transition at 95.5oC eharacteristic of melting of amyloselipid eomplexes in wheat starch, while no such lransition
was found at thab temperature in defalted wheat starch
(Figure 26, 27) supports this contention. In the presence
of CHA, wheat starch did not show an endothermic transition
associated with melbing of amylose-1ipid complexes (Figure
26). In addition, there was a reduction in enthalpy value
for the melting of amylose-lipid complex in the defatted
wheat starch-lysolecithin-CHA sample, compared to that of
the defatted wheat starch-lysolecithin sample (Figure 27).
It thus appeared that t,he presence of CHA interfered with
the formation of amylose-lipid complexes. Accordingly, the
greater effect of CHA on native wheat starch than on
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defatted wheat starch, seemed to be due to interference of
CHA on formation of amylose-1ipid complexes.
As the temperature of the stareh paste increases up to
95oCr âilV1ose-1ipid complexes, which are naturally present

and/or formed above bhe getabinization temperature, cannot
be dissociated until the melting bemperature of the complex

is reaehed. The thermal stability of amylose-Iipid complex
has been shown to depend on hydrophobicity of bhe alkyl
residue (Kim and Robinson, 1979; Davies et al., 1980;
Hoover and Hadziyev, 1981b), and the degree of unsaturation
(Heilbnonn and Konieczny-Jand, 1983). Therefore, amylose-

lipid complexes where lipid contains short chain length
fatty acids or fabty acids with a high degree of
unsaturation could be dissociated up to 95oC. In the
presence of CHA, however, it seemed that amylose-Iipid
complexes, which have higher melting temperatures, could be
dissociated at lower temperatures than their melting
temperatures. Turbidimetric experimenbs showed that
addition of CHA to existing amylose-Iysolecithin complexes
decreased burbidity eaused by eomplexation (Figure ZBr 29).
Since amylose-lysolecithin compl-exes showed dissociation at

(Figure 24, Table 12)¡ reduction in turbidily by
healing up to 95oC suggested that CHA seemed to disrupt
amylose-1ipid complexes aL temperatures lower than 103oC.
This disruptive effeel of CHA on amylose-lipid complexes
appeared to depend on the temperature and concentration of
103oC
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CHA. In addition, when the amylose-lysolecithin complex ü¡as

heated at 90oC in the presence of CHA, a tVpical V-type
patbern þ¡as not apparent (Figure 22). Furthermore, the

enthalpy value for the melting of amylose-lysolecithin
complex was reduced in the presenee of CHA (Figure 25),
Therefore, the disruptive effect of CHA on amylose-1ipid
complexes probably contributed to the effect observed in

defatbed wheat starch. In this study, a full

removal of

lipid was not aeeomplished, and it was not possible to
determine whether the effect of CHA would be eomplet,ely
eliminabed in lipid-free starch granules.
As the temperature of the starch paste cools to room
temperature (20oC), amylose moleeules, which were

dissociated from amylose-1ipid eomplex at its melting
temperature, reassociate with lipid (Ohashi et al., 1980).
ïn measuring starch characteristics such as swelling power,

solubility,

starch samples were heated aL a speeified
temperature first, and then analyzed at room temperature.
Turbidimetric measurements, x-ray diffraetion patterns, and
D.S.C. experiments suggested that CHA interfered with the
association of amylose and lipid during cooling. As a
result, freed amylose could be leached from stareh granuÌes,
resul ting in inereased solubi l ity and swel- l ing polrer.
The interfering effeet of CHA on complex formation
between amylose and lipid could be explained by the fact
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that

CHA

can form inclusion complexes with lipids (Schlenk

and Sand, 1j61; Szejtli

and Bánky-E1öd, 1gT5; Nawata et

â1,, 1977; Nakamura et a1., 1979; Szejtli
et at., 1979a).
ïn this study, eomplex formation between CHA and
lysolecithin rdas demonstrated by I.R. spectroscopy, 1HN.M.R. spectroscopy, x-ray diffraction measurements, D.S.C.,
and turbidimetric experiments. !,fhen suspensions of amyl oselysolecithin complex s¡ere heated at 90oc in the presence of
CHA, there appeared an endothermie transition due to melling
of CHA-lysoleeithin eomplex in addition to that due to
melting of amylose-lysolecithin complex (Figure 25).
Therefore, CHA seemed to compete for lipid, with amylose,
resulting in interference with the formation of amylosefipid complex. As fon wheaL starch, almost equal amounts of
palmitic and linoleic acids are present (Becker and Acker,
1974; Acker, 1977; Meredilh et a1., 1978; Morrison,
1978a.b; Table 3). Also, it has been shown that CHA prefers
unsaturaled fatty acid to saturated in complex formation
(Szejtli and Bánky-81öd, 1975; Szejtli et a1., 19T9a.b).
It seems, lherefore, that CHA could have more affinity for
lipid in wheat starch than in an amylose-palmitoyl
1ysol eei fhin-CHA system.

The results of N.M.R., D.S.C, and burbidimetric
experiments indicated that, above the starch gelatinization

temperature, CHA-lysolecithin complexes were dissociated.

Nevertheless,

CHA seemed

t,o interfere with amylose-Iipid

183

complexes during pasting. It is possible that affinity

of

for lipid prevents the assoeiation between amylose and
Iipid. Furtherrnore, it is also possible that CHA interferes
with association amongst amylose-lipid complexes, resulting
in prevention of precipitation. In this study, it was not
possible, however, to differentiate between these
possibilities.
For example, bhe turbidimetric measuremenbs
could be interpreted using either explanation. Since CHA
possesses a hydrophobic character (Bender and Komiyamat
1978i Szejtli, t9B2a), it is possible bhal CHA eould disrupt
the hydrophobic associalion between amylose and lipid' like
butanol (Hizukuri and Takeda, 1978). Gerlsma (1970)
suggesbed that non-clustered water moleeules adjacent to the
non-polar solute molecules disrupt hydrogen bonds.
Therefore, in a similar wâVr CHA could disrupt intra- and
inter-hydrogen bonds within starch moleeules. This could
facilitate water hydration of starch and enhance the
swelling and solubil-ization of the starch granules.
In lhe amylograph, CHA did not alter the maximum pasfe
viscosity of wheat starch, âIthough the temperature at which
this occurred was lower. This shift to a Iower temperature
was consistent with the findings that swelling and release
of soluble carbohydrate occurred at lower temperatunes in
the presence of CHA. AIso, lower peak temperature,
inereased breakdown and increased sel back of starch pasbe
CHA
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in bhe presence of CHA support the contention lhat CHA
interferes with amylose-1ipid complexes in wheat starch.
The falling number of the wheat starch decreased in the
presence of CHA. The amylograph and the falling number
methods differ in measuring pasting properties (Meredith,
1970). Al-so, the Brookfietd viscometer is different from
these two methods in measuring the viscosity of starch
suspension. Therefore, viscosity curves obtained with these
instruments are not direetly comparable due to differences
in instrument characteristics and in pasting procedures
(Leach, 1965).
In the presence of CHA, increased breakdown and set
back in the amylograph and decreased f al1ing number !.¡ere,
however, in accordance with the fact that CHA increased the
swel-Iing povrer and solubility of the sbarch granules, As a
result, more swollen starch granules could be broken down
easily in the amylograph and the falling number test.
I'lhereas in the amylograph, maximum viscosity increased
when CHA was added bo starch or flour containing cx-amylase,
no such i-nerease was observed in the falling number. This
was undoubtedly due lo the short time during which o-amyl-ase
could bind CHA during heating in the falling number test.
As noted by Hlynka (1968), the rate of gelatinization of
starch and bhe rate of heat inactivation of enzyme are
eonsiderably differenf in bhe two tests. Hence, viscosity
measured by falling number test seems to depend mainty on
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the pasting property of wheat starch in the presence of CHA.
However, bhe inhibitory effect of cHA on o-amylase aclivity
in the amylograph method was consistent with the fact thab
CHA interferes with solubilizing the starch granules
(!'IeseIake and Hi11, 1983).
I¿lhen CHA was added to wheal f lour without o-amylase,
there sti1l was a slight increase in amylograph viscosity.
Furthermore, ehanges in farinograph characteristics such as
increased farinograph absorption, dough development time,
and mixing stability víere observed upon addition of CHA.
Moreover, there was increase in Ioaf volume when bread was
made with addition of CHA. Accordingly, these results
suggest bhat there woul-d be interactions between CHA and
flour eomponents to affecl dough characteristics. It has
been reported that polysaccharide-protein interactions
af f ect f arinograph charaeteristics and loaf volume (!rli Iham
et a1., 1959; Cawley, 1964; Dahle, 1971; Gtabe and
Silverbrandt, 19TB; Huebner and Il,laI1, 19Tg; Glabe and
Sil-verbrandt, 1980). Since CHA was found to interact with
many kinds of lipid and disrupt amylose-1ipid complexes, it
is assumed that CHA-lipid interactions in a dough system
eould pray an important ro1e. Further research is required
to determine the interactions of CHA with flour components.
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