Chapter llI

Results

N

-
| in Appendix A. Deacetylation of

hitesans in different degree of

Table 5 Degree of de cebﬂaffon o@an products from various methods

and reactlgn times: ==

Method (ﬁ"rf[ % deacetylation
<7 0
A CTS3A 3 68.11
v = — 7
A diemandnTwinng ne
i = 111 v
Y crs7a 7 L. 7587
'
S]‘W | ce ANTFIVIE VR Elress
CTS2.5N 2.5 67.86
B CTS3N 3 71.11
B CTS7N 7 75.69
C CTS60N 60 58.51 (74.13%)

* This value was obtained when chitosan solution and Hydrochloric acid

had been refluxed for 10 minutes before chitosan hydrochloride precipitate was obtained.
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Code of chitosan products was composed of 3 parts: CTS ,
number and letter A or N. CTS was abbreviated from chitosan. Number followed
came from the reaction time using. Letter A and N represented the conditions
using in deacetylation process: air and nitrogen atmosphere, respectively.

Under air atmosphere, it was found that an increasing time

to remove the impurity. Then,

beyond 7 hours could not increase U‘e,b of deacetylation. It was essential to
wash and dry chitosan at the seventh ho@as

the reaction would run i!;:!ﬁ,for andther 3hours Chitosan produced by this

determination of the re ONH groﬁps in chitin'and chitosan products. The
IR spectra are depicted in Fi rei-i;;’nd ;“;E;ch spéctrum shows a peak at about
1650 cm -1 for C=0 stret 'lng‘and NH b@g Although the absorption at 1650
cm1 was from stretrihlng and ﬁendmg,‘{ﬁé"iﬁajonty 2~as from C=0 stretching

vibration. Note that; '

: the 2 ‘gorptlon peak of NH from
NH2 because they alggbrbed energy in the region ad_jﬂacent to CH stretching and
OH stretching. ‘

it was seen thét the folibwing spectra’ were appear to be
similar: CTS3A and CTSZ SN, CTS3.5A and €TS3N and CTSGON and CTS7A
and CTS7N. Froithis observaliof, The'absorption péak at about 1650 cm -1 in
each chitin and chitosans associated with the degree of deacetylation measured
by colloidal titration. The lower the 1650 cm -1 peak (The lower the amount of
carbonyl groups), the higher the degree of deacetylation. Unlike chitosans, chitin
showed C=0 stretching vibration in the region 1550 -1700 cm -1 separated into
two peaks. This difference resulted from two types of amide groups, which had
different hydrogen bonding. (Backwell, Minke, and Gardner, 1978)
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Figure 4 Infrared spectra of chitin and chitosans produced by method A.
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Figure 5 Infrared spectra of chitosans produced by method B and C.
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1.2 Molecular weight comparison
1.21 Mass spectrometry

To compare the molecular weight of the polymers, mass
spectrometry was performed. The mass spectra (electron impact spectra) of
various polymers are distinctive and ulded as bar graphs in Appendix B.

The inte \ & based on the principle that the
high molecular weight m aﬂ the opportunity that short
. e —

fragments or fragments tance, 203 for chitin monomer,

and 161 for chitosan

ﬂuﬁfmwiwmmm,,

wm\m‘m URNAINYAY

Clusters of ions could be observed in the mass spectra. The
fragments to which some of these ions could be attributed were proposed by
Hayes (1978) and listed in Table 6.
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Table 6 Mass spectra and associated ion fragments.

Peak Fragment
29 > CHNH»>
M1 H »OH
2 —hel
| —
/]l[ \\{ R
W )CH
;?“,-E!
coff Jladsr) Ha
Aiﬁ:}ﬁi“i
71 W (e e COCHs
I e, g
) 7 ) s-" e H
-2 | .
3

USSR UL AN e e oo
AT T

CTS72A > CTS7A

Chitin > CTS2.5N > CTS3N > CTS7N
CTS2.5N > CTS3A

CTS3N > CTS3.5A, CTS3N > CTS60N
CTS7N < CTS7A



1.2.2 Differential thermal analysis

DTA curve of chitin is depicted in Figure 6. Chitosans also
exhibited the same pattern of DTA curves but different in DTA peak temperature.
The DTA peak temperatures of chitin and chitosans are given in Table 7.

“B=—DTA €N of chitin.

]
¢

AULINYNINYINT
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Table 7 DTA peak temperature of chitin and chitosans.

Polymer DTA peak temperature (°C)
Chitin 165
CTS3A 155
CTS3.5A v illi. 141

123 Viscosity measurement 4s.

‘@asured and the values of

mean and standard dayiation are shown in Table 8, |

JUROOR:1) e 13428 bl
by me%g:ﬂaﬁ:ﬂs\&rﬂ il’ fﬁﬂ\rﬂﬁ&fﬁaﬂ g SﬁNa E]’ S3.5A, except

CTS7N t le lower viscosity value than of CTS7A), and by method C
was the highest. In the same method, it could be noticed that chitosan having
higher degree of deacetylation (chitosan that deacetylated by using higher
reaction time) exhibited lower viscosity. (CTS2.5N > CTS3A and CTS3N >
CTS3.5A, except CTS7N < CTS7A)
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Table 8 Viscosity values of 1% (w/v) chitosan in 2% Acetic acid.

Polymer Viscosity *(cps.) + s.d.
CTS3A 3660 + 43
CTS3.5A 839 + 29
CTS7A 4. 415+ 1N

m— \ u H’/ s,
CTSTEN d S8
- ﬂ(\\\\\
"///5‘\\\\ -
=y / \\ \
\\

S —

]
ﬂ'lJEJ’J‘VIEJVI‘ﬁWEJ’]ﬂ'ﬁ
Q‘W']Mﬂ‘im lWI']'J‘V]EI']ﬂ 8)
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1.3 Morphology examination

The photomicrographs of chitin and chitosans at 100 time
magnification are shown in Figure 7-15. It is apparent that the powders of chitin
and chitosans possess irregular shapes. After alkali treatment with Sodium
hydroxide 50%(w/w), chitosan products seemed having no differnce from starting
chitin. 4

Fig. 9 Photomicrograph of CTS3.5A Fig. 10 Photomicrograph of CTS7A
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Fig. 13 Photomicrograph of CTS3N Fig. 14 Photomicrograph of CTS7N

Fig.15 Photomicrograph of CTS60N
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1.4 Particle size distribution

The particle size distribution of the powders was analyzed by sieve
analysis. The histograms of particle size distribution are shown in Figure 16 and
the sieve analysis data are given in Table 9. It was found that the patterns of
particle size distribution of chitin and chitosans were the same. The range of

particle sizes was from 45 to 25 ,( 0/200 mesh). The size of approximately
80 - 70 % of each polymer was g

- gl
'-:-:-:-.-.I ™
EQQ\ 80
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\\\\-60 3
N0 g &
\\\\_40 ® =
N \\\_30 ﬁ' 3
Particle -] \\\_20 ® &
size (mcm):‘"l o N 10 §_
j‘u‘,?_-am__ < Q'Z'Z'Z ¢
p "3§ [ 2 E’ o 9 g E’ §
() OF KOO0k
ﬂuEJ'JWEJ‘V]‘TWﬁ]Wﬂ'ﬁ
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Table 9 Particle size distribution of chitin and chitosans.

Percent retained on sized (um)
215 165 137.5 | 1156.5 98 67.5
Chitin 62.17 | 19.06 | 9.58 5.38 2.74 1.08
CTS3A 65.31 | 17.40 | 7.09 4.86 2.82 2.53
CTS3.56A| 70.06 | 16.37 | 6.19 4.39 1.60 1.40
CTS7A 67.03 17418) 8.29 9.73 0.89 0.89
CTS73A 63.30 ‘13.‘55( ‘8 6.21 1.84 1.36
CTS2.5N 6550__1% 15.71 8.36 242 242

CTS3N | 64:82-117.74 | -7.14~ 289 | 251
CTS7N 15 317 | 270
CTS60N /' f){S 3.35 2.74
= |
1.5 True dens/ qﬁ'ﬁﬁ p Y
S sl X A
True density o n andchi wég. determined and given in Table

& G \
chitin and ehitosans had similar density-values about

10. It could be noticed th
’ it -
0.33-0.34 gm/cm3_ -f_é f%f
‘”-:-';-""}‘E; , ,, :'-f' B

tin, . = ad 0100 o 0:3373 000
Fortad TS Ll

¢
q CTS7A 0.3381 + 0.0029

CTS73A 0.3377 + 0.0008
CTS2.5N 0.3364 + 0.0004
CTS3N 0.3328 + 0.0003
CTS7N 0.3378 + 0.0005

CTS60N 0.3354 + 0.0022




1.6 Moisture determination

Moisture content of various polymers are presented as percentage of

moisture content and given in Table 11.

Table 11  Percentage of moisture content of chitin and chitosans.

Polymer L‘ ioisture content + s.d.

Chitin

cTS lliﬁ ‘ X

crsavd [ _ “Fw '

CTS7N

CTS60N
=

V.

B
ﬂ'lJEI’J‘VlEW]‘ﬁWMﬂ‘i
awwmﬂ‘sm UAIINYA El
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1.7 Hydration capacity

The hydration capacity of chitin and chitosans was evaluated in
distilled water. The results are shown in Figure 17. It could be obtained that
CTS60N had the highest hydration capacity and chitin showed a little lower than
of CTS60N, whereas the others had quite low hydration capacity values and

@

~

(o]

(&}

Hydration capacity
w R=S

N
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1.8 Swelling power of particle.

The swelling of chitin and chitosan powders was determined by
sedimentation volume method and was performed in distilled water. The swelling

volume and swelling capacity of all polymers are depicted in Figure 18.

~ Swelling capacity

o)
8

3]
8

IN
:

N
8

Swelling volume (ml)
- w
8 8

(=)
8

i ——7]
Figure 18 Swm of chitin and chitosans.
| ‘o o/
Froﬂ %lg fz %ﬂ}%@%ﬂaﬁm swelling volume of

each polymer &rnelated with it's hydration capacity because both of parameters
based ‘oh 116 il Wielght) Il brddr o cbmparel Wilh In@intel volume (bulk
volume),qthe swelling capacity was determined. It was found that CTS60N had
the highest swelling volume and swelling capacity, and had substantially higher
than the others. Besides, chitin had slightly higher swelling capacity than the
others, except of CTS6E0N.



1.9 Rate of water uptake

Rate of water uptake of various polymers was investigated. The
volume and rate of water uptake of chitin and chitosans at various time intervals
are shown in Figure 19-22. It was noticed that chitin had the fastest rate within
the first two minute, whereas CTS60N had the slowest rate. (Fig.20 and 22) The
results obtained }shown that . the #/ ter uptake of various disintegrants

ing.order :  chil ésan’s produced by method A >

——— !
chitesan produced by method C).
\ uptake, it had- the highest

chitosans produced
Although CTSE0N
volume of water e considerably lower and

seemed having no di

AUEINENINYINg
AMIAN TN INYAE
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1.10 X-ray diffraction
X-ray diffractograms of chitin and all chitosans are depicted in
Figure 23 and 24. Al diffractograms showed the peaks at about 10° and 20°.
Unlike all of chitosans, diffractogram of chitin showed lower peaks at about 12.5°
and 27°.  The peak at 20° of all polymers had significantly higher intensity,

In thi in ‘from crab.shell was used. As it was
expected, x-ray diffra hitin'was similar to the previous diffractogram of
crab shell reported by Jiékal, Shimizu, and Hayashi (1989).

=

ﬂ'lJEJ’JVIEWﬁWEHﬂ‘ﬁ
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Chitin

CTS3A

Intensity

- -
’ ‘‘‘‘‘‘

— =l CTS35A
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Figure 23  X-ray diffractograms of chitin and chitosan produced by method A.
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CTS2.5N

Intensity

CTS3N

CTS60N
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Figure 24  X-ray diffractograms of chitosan produced by method B and C.
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2. Evaluation of Tablet-Disintegration

Paracetamol tablets prepared by wet granulation using chitin and
chitosans as disintegrant, compressing at four compression pressures were
observed for physical properties as follows: weight variation, thickness,

hardness, and disintegration time. Data from these measurements are shown

21 Welght

The average nd ariation of tablets for each

formulation are sho -15. " se, weight variation was well
within the limit of USP's { = . the. standard variation of each

formulation are shO\:({\ in Taﬂé fi’ f5? Itwas fc , thickness values tended

to increase when \the amoun . of disintegrant In formula increased. In the

opposite, the decreagm of thic valies was @und as compression force

ﬂuEJ’WlEJWﬁWEJ’]ﬂ‘ﬁ
ammmmumwmaﬂ

increased.
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2.3 Hardness

The average hardness and standard deviation of tablets are given in
Table 12-15. From pressure-hardness profiles in Figure 25-28, it was observed
that increasing compression pressure Wwill increase hardness of paracetamol

tablets, except for tablets containing 5% CTST7A at compression pressure 5000

Ib. (Hardness at 4000 and 5 ,” 3.30 and 13.18 kp.,respectively that
e pression pressure, the hardness

of each formulation was ifferent from.the hardness of the others.

seemed having no differe
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16 +
—0— CTS3A
—a 14 +
5" 12 4 —+— CTS3.5A
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® 3
.= —a— CTS73A
g o
% A —5— CTS2.5N
2] ‘a v —+—CTS3N
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0 W’l aﬂﬂmﬁma NYR Y——

Figure 25 Pressure - hardness profile of paracetamol tablets containing

3% disintegrant.
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Figure 26 Pressuré - hardnes - of parace | tablets containing
5% di evaluated in deionized
water
18 1 ) .
16 | T Y}
BN [y =il —+—CTS3A
=
£ 121 ==
@ 10 1 fa o ke (Y —0—CTS7A
_g 81 ﬂuEJ’J f!" jwaqﬂ‘j —+— CTS25N
1 9 ]
4 é ¢ o E] l_] aﬁJEjTo— CTS7N
0q + } } + 4

0 - 1000 2000 3000 4000 5000
Pressure (Ib.)

Figure 27  Pressure - hardness profile of paracetamol tablets containing

10% disintegrant.
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Figure 28 Press ofile of >’Mol tablets containing

2.4 Disintegration tini “4 : @

i‘
_...-‘_..# e

At the first time, paraoetamol tam ch formulation containing 3
and 5% disinteg ’were prepared if svaluate physical properties,

especially dlsmteg n tlme in deionized water. Jﬁ\e disintegration time of the

paracetamol W and 5%) at the same
compression che appeared to have no dlfference that the concentration

o iy gt ciczan nﬁmﬂ'm’mmﬁ e

case, chitosans used as disintegrants were CTS3A, CTS7A, CTS2.5N, and
CTS7N. No difference of disintegration time was observed. Finally, tablets
containing 5% disintegrant were prepared in order to investigate disintegration
time of tablet in 0.1 N. HCI.
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Disintegration times of paracetamol tablets containing various
disintegrant at 3, 5, and 10% concentration, and compressed at 2000-5000 Ib.
are given in Table 12-15. To compare disintegrating properties of each
disintegrant in paracetamol tablets, data are depicted as three-axis graphs as
shown in Figure 29-32. (The individual plot of each disintegrant is depicted in
Appendix G.) From these ﬁ( d|5|ntegrat|ng properties were easily

compared by con5|der|ng the same pressure and hardness.

ara Ied:ﬂZ@!(Egratlon-tlme axis have equal
" \h\ould be observed that the
\tg‘mdlation were slightly different

5 % disintegrant level and
not more than 10 _ these excepted for tablets
containing 3% CTS60N ﬁaﬁ slg@y lower disintegration time than the
others at the same gmwnrofﬁhMWQ and tablets containing 5%

CTS7N that had| fhoticeabiy—highe: ~ than the ot especially at 5000-Ib.
compression pressug (Figure 30) ‘l‘lj

AUEINENTNYINS
AMIANITAUNUNIINYAY

(Every points in the ||

pressure and hardne
At the
disintegration times i

from the others (not
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Figure 29 Disintegration time of paracetamol tablets containing 3% disintegrant

at various pressure and hardness.
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Figure 30  Disintegration time of paracetamol tablets containing 5% dlsmtegrant

at various pressure and hardness.
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Figure 31 Disintegration time of paracetamol tablets containing 10% disintegrant

at

various pressure and hardness.
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Figure 32 Disintegration time of paracetamol tablets containing 5% disintegrant

at various pressure and hardness.(Disintegration time was evaluated
in 0.1 N. HCI)
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For disintegration time in 0.1 N. HCI , it was clearly observed that at
the same compression pressure, disintegration time of each formulation was
substantially different from the others. These differences correlated with the
degree of deacetylation of each chitosan. It was found that disintegration times of
tablets containing chitin in deionized water and in 0.1 N. HCI were not different.
However, disintegration times containing chitosan in deionized water
were lower than in 0.1 N )mming chitosan with higher degree

of deacetylation had? dlsmteg@me as in the following order:

%\-@A CTS73A and CTS25N >

of tablets containing CTS7A,

disintegration time o
CTS3N > CTS7N.

Tablets co at 2000-4000 Ib. exhibited the
disintegration time val , TS3.5A and CTS3N, and those
compressed at 5000 Ib. Shc ‘ed similar isintegrating properties the same as of

CTS3.5A.
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