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Abstract

When a mixture of linear amylose (AS200) and 2-naphthol was heated in a glass ampoule ali@eai0inclusion
compound was formed. The inclusion formation accompanied the structural change of AS200 frbwelia ® a 7-helix.

From the UV determination, one 2-naphthol molecule could be included perienelical turn of amylose. It was found

that the heating temperature, heating time and water content in the physical mixture were important parameters affecting
the formation of inclusion compounds during sealed-heating.

Introduction Japan). The particle size of AS200 was controlled between
42.5 and 15Q:m by sieving. 2-Naphthol (2-NPL; Nacalai

Amylose, a linear polysaccharide consistingvef ,4-linked Tesque, Japan) of reagent grade was ground with a mortar

D-(+)-glucopyranoses, has been obtained by separation amdl pestle before use.

purification from native starch. The three crystalline forms

are referred to as A-, B- and V-amylose [1-11]. Nativ&ample preparation and sealed-heating procedure

amylose has a double helix structure in the crystal, and is

classified into the A- or B-amylose [1, 2]. V-amylose, & physical mixture was prepared at various mixing ratios

single helix structure, has been found when amylose formgfl AS200 and 2-NPL in glass vials using a vortex mixer

inclusion compound with a variety of organic compoundgr 5 min. Pretreatment of AS200 was performed by drying

[3-11]. at 100°C for 3 h in a vacuum or by humidifying at 22%
We have developed the sealed-heating method for thgative humidity at 23 C for one day. The water contents

preparation of solid inclusion compounds of cyclodextrigf the mixtures with dried and with humidified AS200 were

[12-15]. We have already reported that complexation wastimated as 1.8 0.1% and 5.0t 0.1%, respectively, by

affected by the vapour pressure of the guest compound, the Karl Fischer method using an Aquacounter: AQ-5 (Hir-

crystallinity of the cyclodextrin and the water content duranuma, Japan). The physical mixtures of+.0.1% and 5.0

ing the sealed-heating. In the previous paper, we dealt with.19% water content were defined as a physical mixture of a

amylose, and demonstrated that host amylose hadantl jower and higher water content, respectively. Each physical

81-helix structure in the sealed-heated samples dependingfixture (about 250 mg) was sealed in a glass ampoule (2

the amount of salicylic acid loaded [4]. mL) and heated in the gas chromatograph oven at various
In the present study, the effects of the amount of guesémperatures for a definite time. The temperature around the

the heating temperature and the water content of the systegigss ampoule in the oven was monitored by a thermocouple.

on inclusion compound formation by the sealed-heating

method were investigated by using 2-naphthol (2-NPL) gg) . o X-ray diffraction

a guest.
The powder X-ray diffractograms were measured on a
) Rigaku Miniflex diffractometer (Cu-K, voltage 30 kV,
Experimental current 15 mA, scanning speed 4 degreeshin
Materials

Determination of 2-NPL

Amylose of molecular weight 220,000 (AS200) was useﬁih

AS200 which has na-1,6 branches in the structure was en- order to determine the amount of 2-NPL included, the

zymatically synthesized by Nakano Vinegar Co.,Ltd (AichfampIes were dispersed in phosphate buffer (oH = 6.8) or

n-hexane, and the suspensions were sonicated for 30 min.
*Author for correspondence. After the filtration through a membrane filter (1.0n pore
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Figure 1. Change in the powder X-ray diffraction (XRD) patterns of AS200: 2-NPL (7 glucose units: 2-NPL = 1: 1) system by the sealed-heating process.
(a) AS200 (§-helix amylose), (b) 2-NPL. (c) physical mixture (PM), (d) sealed-heated (SH) sample &€C1f@0 1 h.
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Figure 2. Powder XRD patterns of physical mixtures (upper parts) and sealed-heated samples (lower parts) of (a) 1:1:5, (b) 1:2, (c) 1:4 (7 glucose
units: 2-NPL) (the sealed heating was carried out atXD@or 1 hr.)

size), the 2-NPL concentration in each solution was deterstructure of amylose. After heating the physical mixture at
ined spectrophotometrically at 273 nm, the absorption mak00°C for 1 h, powder XRD peaks of the #elix structure
imun of 2-NPL, using a UV-visible recording spectrometeiof AS200 and of the 2-NPL crystals disappeared. On the
UV-160 (Shimadzu, Japan). other hand, new diffraction peaks appearedbat 3.8, 13.0
and 18.2 (indicated by closed diamonds). Since-helix
amylose shows characteristic peaks at the same diffraction
Results and discussion angles [4-5], complexation between AS200 and 2-NPL oc-

. . . curred together with the helical structural change from the
Inclusion compound formation by sealed-heating processeg, - to the %-helix.

. . . The physical mixtures at various mixing ratios (7 glucose
Figure 1 (a) and (b) shows the powder X-ray d'ﬁracuoﬂnits: 2-NPL=1:1.5,1:2 and 1:4) were sealed-heated at

(XRD) patterns of AS200 and 2-NPL crystals, respectivelx.00 °C for 1 h and the XRD changes are shown in Fig-

AS200 showed rather broad diffraction peaks & 2 7.8, ) )
13.7 and 21.9due to the g-helix structure of V-amylose ure 2. In f[he 1:1.5system, powderXRp peaks of the Z.NPL
(indicated by open circles), while 2-NPL showed characte(?—ryStaI disappeared after sealed-heating, accompanying the

istic diffraction peaks at@= 11.3 and 19.6(indicated by fﬁ?ﬁgi;@z g;iri tf _?2:1d_hle_lz( ztrsligtr%rse ﬁ;@r;\y;(:s)e(.RD
open triangles). Sealed-heating of AS200 alone showed no X - SY ! X

change in the XRD pattern (data not shown). Figure 1 (c) a aks due to yhelix amylose and XRD peaks due to 2-

: ) L crystals were observed after the heat treatment. These
(d) shows the powder XRD patterns of the physical mlXturreesults suggested that the amylose helix type of sealed-
of AS200-2-NPL (7 glucose units: 2-NPL = 1:1) befor 99 y yp

and after sealed-heating at 190 for 1 h, respectively. The eated samples were not influenced by the load of the guest

diffractogram of the physical mixture was a superimposecc?mpounds In the AS200: 2-NPL system.

pattern of the two components, 2-NPL and theh@&lix
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Figure 3. Change in the powder XRD patterns of sealed-heated samples before and after washinbexahe (a) SH sample of 1:1 (7 glucose units:
2-NPL) system, (b) SH sample of 1: 1.5 system, (c) SH sample of 1:2 system, (d) SH sample of 1: 4 system, (e) after washing samplééxpnith
() after washing sample (b) with-hexane, (g) after washing sample (c) witthexane, (h) after washing (d) sample witthexane.

Calculated Value from the
Stoichiometric Ratioof 1 : 1

AS200 : 2-NPL
(7 Glucose Units : 2-NPL)
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Figure 4. Fraction of 2-NPL included in sealed-heated samples with AS200 (the sealed-heating was carried ou€dbiah.).
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Table 1. Solvent extraction of 2-NPL from sealed-heated

samples with AS200 Higher water content Lower water content
(= A ® N
Interaction mode of  Solvent o 20 1& o 20 Lo
2-NPL with AS200  Phosphate buffer n-Hexane MM/U\/\N/ NS W M
No interaction ) ) 10 20 30 10 2 o
Interacting @) X ® ™
A A
O: extracted;x: not extracted. o ©9 o o M
10 20 30 10 20 30
. © 0]
Figure 3 shows the powder XRD patterns of sealec .
o) o

heated samples before and after washing witlexane.No « « g2 o a a

significant changes after washing witthexane were found W W/L»W
forthe 1:1 and 1:1.5 systems. In the cases ofthe 1:2 a 10 20 30 10 3 EY
1:4 systems, however, the XRD peaks at 19i6e to 2-
NPL crystals disappeared and only the XRD peaks due R a0

the 7-helix structure were observed after washing with M MLV\\MW W&w
hexane. To determine the stoichiometry, each sealed-hea M
sample was dispersed in phosphate buffer (pH = 6.8)-or ’ ® *

hexane, and the amounts of 2-NPL dissolved were assay . ®

by using UV spectroscopy. Since phosphate buffer dissolve , | )4 : Lo o

not only 2-NPL but also AS200, the 2-NPL amount founc J\M_NM\M%W WW
in phosphate buffer was considered to be the total 2-NF——; % 3

amount in the samples. From the results shown in Figure

[C)] (U]

1

it was assumed that-hexane could dissolve only 2-NPL ® . @

which was not included in AS200. The above assumptior « ,:’\A e o *o

are summarized in Table 1. Figure 4 illustrates the percerw/\wN MMAM M\

age of 2-NPL included in each sealed-heated sample. In t ——; W 30 i )  —
systems of mixing ratios of 1:4, 1:2, and 1:1.5 (7 glucos. 26 (degree) 20 (egree)

units: 2-NPL), the percentage of 2-NPL included was evdfigure 5. Effect of sealed-heating condition on the powder XRD pattern
0 : aled-heated samples of AS200: 2-NPL (7 glucose units: 2-NPL=1: 2)
uated as 23.2, 46.5 and 60.5%, respectively. These Valﬁ%%’ediﬁraction patterns of the left hand side (from (a) to (f)) were of higher

were in fair agreement with the calculated values on th@er content samples, while those of the right hand side were of lower
assumption that one 2-NPL molecule was included in ometer content samples. Heating condition: (a) physical mixture of higher
71-helical turn of amylose. In the 1: 1 system, however, thgater content, (b) 49C for 3 d, (c) 60°C for 3 d, (d) 80°C for 6 h, (€)
percentage of the 2-NPL included was evaluated as 49.53:5%}(1)t e(n:t,f(()rru)l4rc]§c(f12 O%ZBOdF(igoéol(,g’fé?)gpdhyg)'cgé(,@’%fg gf Ei‘)’vfggf‘ger
This value corresponded to one 2-NPL molecule in two hely ¢ h, (1) 120°C for 6 h.

ical turns of 4-helix amylose (shown by arrows in Figure 4).

When the 1:1 physical mixture was sealed-heated at 1. 12.5
°C for 1 h and 6 h, the percentage of 2-NPL included wa ~
enhanced to 66.0% and 79.9%, respectively. The bindir <

ratio of the inclusion compound between AS200 and 2-NP & 10
approached to the ratio of 1: 1 (ong-felical turn: 2-NPL)
by the using of accelerated heating conditions. These rest oo
suggested that the load of 2-NPL in the physical mixtur— 7.5 -
affected the inclusion ratio.

)

Effect of heating temperature and water content on 3 -

inclusion behavior

ntensity Ratio

Nakaiet al.reported that the heating temperature and the wi— 2.5 1
ter content of cyclodextrin affected the inclusion compoun g
formation in cyclodextrin-guest systems during the seale™
heating process [12]. To investigate the effect of the heatir 0 y T T T
temperature and water content in the physical mixture ¢ 40 60 80 100 120 140
the inclusion compound formation of amylose, the physic:

mixtures of higher and lower water content were prepare..
and were sealed-heated at 40, 60, 80, 100 and’(DZGig- Figure 6. Effect of heating temperature on complex formati@h. higher

ure 5 shows powder XRD patterns of the physical mixturd§e" content syster}: lower water content system.

Heating Temperature (°C)
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of higher and lower water content after the heat treatmentReferences

various conditions. In the cases of higher water content, the
sealed-heating at 40C did not cause the helical structure 1-
change of amylose even after 3 days of treatment. In th?
cases of sealed-heating at 60 and°80) the powder XRD 4
peaks due to j#helical structure of amylose were observed
after heating for 3 d and 6 h, respectively. When the physica
mixture was heated at 100 or 120, it took less than 1 h for (73'
the formation of the 7-helix inclusion compound. The phys-
ical mixtures of lower water content were also heated undex:
the same condition. After the sealed-heating ar80for _°:
3 d, a 4-helix inclusion compound was not formed, while
the sealed-heating at 100 and 120D for 6 h induced the 11.
inclusion compound formation.

Figure 6 shows the intensity ratio of the peak at=2 12

18.1° due to the 7-helix structure to the@2= 21.0° peak 45

due to the g-helix structure after the sealed-heating for 3 h
in ampoules. These results indicated that tixa&lix inclu-
sion compound was readily formed for higher water conterj;

samples and at higher heating temperature. Water molecules
were considered to have an important role for the breakage
and rearrangements of the hydrogen-bonding network in the

amylose crystal to form thej7helix inclusion compound.
The heating temperature could affect the vaporization of
water molecules.

Acknowledgement

The authors wish to thank Nakano Vinegar Co., Ltd. for the
generous gift of amylose.

14.

H.C.H. Wu and A. SarkdaCarbohydr. Res61, 27 (1978).

H.C.H. Wu and A. SarkaCarbohydr. Res61, 7 (1978).

W.T. Winter and A. SarkdBiopolymersl3, 1447 (1974).

T. Oguchi, H. Yamasato, S. Limmatvapirat, E. Yonemochi and K.
Yamamoto:J. Chem. Soc., Faraday Trarf4, 923 (1998).

T. Kuge and K. TakedAgr. Boil. Chem33, 174 (1969).

T. Kuge and K. TakeAgr. Boil. Chem32, 1232 (1968).

W.T. Winter, H. Chanzy, J.L. Putauz and W. Helbd?alym. Prepr.
(Am. Chem. Soc., Div. Polym. Cher89) 703 (1998).

K. Takeo and T. KugeAgr. Biol. Chem33, 1174 (1969).

K. Takeo and T. KugeAgr. Biol. Chem35, 537 (1969).

A. Buleon and M.M. Delage, J. Brisson and H. Chanayt. J.
Biol.Macromol.12, 25 (1990).

J. Nuessli, B. Sigg, B.C. Petit and F. Eschi®od Hydrocolloidsll,

27 (1997).

Y. Nakai, K. Yamamoto, K. Terada and D. WatanaBkeem. Pharm.
Bull. 38, 4609 (1987).

Y. Nakai, K. Yamamoto, K. Terada, T. Oguchi, H. Saito and D.
WatanabeChem. Pharm. Bull37, 1055 (1989).

Y. Nakai, K. Yamamoto, T. Oguchi, E. Yonemochi and T. Hanawa:
Chem. Pharm. Bull38, 5 (1990).

Y. Nakai, K. Yamamoto, T. Oguchi, E. Yonemochi and T. Hanawa:
Chem. Pharm. Bull39, 1532, (1991).






