CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Preliminary Study on Hydroxypropylation of Tapioca Starch

Hydroxypropylation of tapieca starch Svasscarcely reported. In the earlier work,
Buachamras (26) studied the hydio> : atie tapioca starch. When the reaction

condition was carried ouf with~ sodiim iate_15%, sodium hydroxide 1.5%

propylene oxide 9% basg g dry ‘starch. weight at 40°C for 12 hours, the
hydroxypropylated tapioga'sta aS obained with d \-.,\ of substitution of 0.0927.

In this study, the h? was primarily carried out

using the same conditig e repetitions of this reaction

were performed. The degiee s =},' vas determined by 'H-NMR technique as

Table 4.1 Hydroxypie | of tapioca st riny s condition.
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Figure 4.1 The '"H-NMR spegtra --:r-‘-‘ g oca starch (A) and hydroxypropylated

Figure 4.1 t'e:- "':":":"-*"“*’*T"—*“‘-‘ ive tapioca starch and

hydroxypropylated ta I Stitution was calculated from the

ratio of the peak areas of methyl protons of hydroxyp pyl group on starch to the
equatorial pro f ‘ﬁ: i ‘f ibed in Appendix B.
The average IET’MJH }I ﬁﬁrﬁmgﬁ the one reported by
Buachamras (26). This was robably‘due to the different method of'BS determination.
e AN U £ bbb S sk Pk e

used by %uachamras. However, it has already been proved that '"H-NMR technique
gave more accurate result (21, 22). It is noteworthy to mention that gelatinization in
entry no.3 was observed but only little gel appeared while gel was not formed in entry
no.l and no.2. This observation was correlated with the slightly lower DS in entry

no.3 than no.1 and no.2.
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4.1.1 The Pasting Property of Hydroxypropylated Tapioca Starch

The most important of all industrial tests used to characterize starches
is the paste viscosity. Different types of starches will the different pasting properties.
Liu (17) reported that hydroxypropylated starches generally have markedly altered
pasting properties, compared with their parent starches. Pal et al. (19) also reported
that the pasting property of corn starch was higher as compared with that of amaranth
due to the waxy nature of amaranth starch. The similar observation was reported by

several other researchers who

s of starch (7, 13). The pasting
properties of native tapi droxypropylated
(DS=0.0999) are shown1
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Figure 4 2 Pasting properties of native starch and hydroxypropylated tapioca starch
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Figure 4.2 shows the pasting property of native tapioca starch
comparing with hydroxypropylated tapioca starch. It obviously indicated that the
hydroxypropylated tapioca starch has gelatinization temperature of 59°C and peak
viscosity of 725 BU which are lower and higher that these of native tapioca starch
69.5°C and 535 BU, respectively. Accordingly, the hydroxypropylation can improve
the pasting property of tapioca starch.

4.2 The Formation of Hydroxypropyis ’i Tapioca Starch
It has been known that hydroxyproy % can be synthesized by reacting

. Starch dissolved in water

ROH + [ O N\ T 1)

The amount of RO™ formed deper 5 O the acic \\ nstant of the hydroxyl groups
of the starch molecule. In : . SUl ine starch solution, propylene
oxide can react with both the 'm’!‘ I groups of starch and water. The reactions are

summarized in the following

9

ﬁﬁ%wamwﬁ}m
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RO—CH,— éH—CH3 + B0 ———= RO—CH— CH—CH3 + HO  fast (2)

The reactions proceed according to Sn2 reaction mechanism. The main reaction
parameters which influence the hydroxypropylation process are reaction time,
temperature, the concentration of sodium hydroxide, sodium sulfate and propylene
oxide concentration. Different types of starches will respond to the chemical

modification differently. Pal et al. (16) found that the reaction condition to yield the
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same degree of substitution in hydroxypropylation differed from one starch type to
another. Wang (23) also reported that the degree of substitution (DS) of
hydroxypropylated starch at the same condition was differiné from one starch type to
the others. Bae and Lim (30) studied the hydroxypropylation of normal and high
amylose corn starch. It was found that the degree of substitution of high amylose corn
starch was higher as compared to that of normal corn starch. Therefore, it can be

concluded that the degree of substitution correlated to the amount of amylose. With

t is generally in the range of
37- 50°C. At temperatus 37°€, thations pr u\;- very slowly. Above 50°C,
the risk of swelling or A ss high levels of salt are used is
concern (7). Native tapio ion temperature between 59-70°C
(7,13). Thus, hydroxyprop 3 ust be handled at the temperature
lower than 59°C to prevent Q&‘/_f, Cel elatinized starch. Accordingly the
variation of all parasn ____ ................. pylation of tapioca starch was

performed except thefea -*}' onstant at 40°C.

il
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QW’]Mﬂ‘iWNM’]’JV]Eﬂﬂ d
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4.3 Parameters Affecting on Reaction Efficiency

The study on the parameters affecting on reaction efficiency was performed by
using tapioca starch 40 g in 100 ml of water in all reactions. The reaction temperature

and the stirring speed were kept constant at 40°C and 400 rpm, respectively.

4.3.1 Effect of Sodium Sulfate

The hydroxypropylati h_commonly takes place in aqueous

to the interaction between starch

eatéd, @se hydrogen bond and short
molecules of amylose s g wells up. This problem had

1d the gelatinization, it is

solution. The gelatinization

and water. When the sc

on degree of substituti®
necessary to add gela ati ' Sodium sulfate is the most

common gelatinization ighibi

In this sectio
varying from 0 to 25% (w/w aseM 8 h weight, while sodium hydroxide

-f ! ‘ e
and propylene oxide were ept constant a 8% (v/w) based on the dry starch

\- ium sulfate was studied by

weight, respectively. In addi gre allowed to run for 24 hours.

After the reaction :.3_—~=-—_-m‘ﬁ=" horoughly washed with

water. Then it was dricd-a s reeorded. The reaction at each

condition was repeated rec times. Then portions of each sample were subjected to

) ﬁfﬁ‘*ﬁ‘fﬁ" NINETHS
ARIAN TN INYAE
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Table 4.2 Effect of the concentration of sodium sulfate on degree of substitution and
reaction efficiency

Sodium sulfate Degree of substitution | Reaction efficiency (%)
(% by dry starch weight) (DS) (RE)
0* 0.0358 -
10 0.0806 £ 0.0068 36.08
15 . 0.0827 £+ 0.0083 37.02
20 L 000 0.0078 44.94
25 0. 10050 49.02

Note; * gelatini ch

In the ab
of reaction. Though it

m.; Ifat ' ion occurred after 10 hours

ion, the DS of the resulted

hydroxypropylated tapi : .0358. At 10% (w/w) sodium
sulfate, the degree of “sub,. ’.m_:. ion iericy was nearly the same as
15% (w/w) sodium sulf ith ﬂ ium content, higher DS and RE
were obtained as shown in Tablé4 ‘It_‘: that salt had on effect on degree of
substitution and reaction efficiene : salt can prevent the starch from

swelling or pasting ; ,
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Figure 4.3 Dependence of DS and RE on the concentration of sodium sulfate
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A better parameter to optimize the reaction condition is the reaction
efficiency which can be calculated from the DS as described in Appendix C. The
reaction efficiency determination was thus included. The reaction efficiency indicated
that the percentage of the hydroxypropyl group upon starch. The effect of sodium
sulfate on the reaction efficiency was shown in Table 4.2 and Figure 4.3. When the
amount of sodium sulfate increased, higher the reaction efficiency was obtained. At
25% sodium sulfate, the reaction efficiency was 49.02%, this means that 40% of

propylene oxide had been used i ) yjmuch. Though higher sodium sulfate

concentration would give hi AN cy, but not large increment in the
' A&h salt was left in the solution

—
which had to be remov. ’ ! h{ iumisulfate would be used for the
\"\\' )y water more readily than
' ii‘-}\\ on could not occur. Similar

results had been reporte arch groups (20

other experiments.

approached the starc

The reactions ifi this's Xperime ~ carried out with sodium sulfate
10%, propylene oxide 8% (VA& 1sed < the dry starch weight at 40°C for
24 hours. The effect of sodiuiix {e was studied by varying in range of 0.5 to

2.2% (v/w) based ol the-dey-stareh- ’—--“’T\ ' esented in Table 4.3 and

Figure 4.4, ’ m m
- : -~
Table 4.3 Eff 0, t _ on-degree of substitution
ndhabisngony £ 11 d 1V E) |
U
AL EAR S EL ) IaYaN? ]Wiency(%)
) )

0.5 0.0503 £ 0.0065 22.50
1.0 0.0806 + 0.0068 36.08
1.5 0.0975 + 0.0037 43.64
20 0.1025 + 0.0047 45.88
2.2 gel gel
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The values of the degree of substitution and reaction efficiency increase
more rapidly at early reaction with the increasing concentration of sodium hydroxide.
The increase in degree of substitution of hydroxypropylated tapioca starch was
because of the catalytic effect of sodium hydroxide on the hydroxypropylation
reaction (Scheme 2.1). The more sodium hydroxide was added, the more starch
nucleophile was formed. The higher DS and RE thus were obtained in shorter reaction
time. Since hydroxypropyl group was hydrophilic, hydroxypropylated starch
exhibited better dispersibility in cold wa native starch. However, gelatinization
would easily occur due to the presence f number of hydroxypropyl groups.

S -

This explanation was correspended {o th : heb (29). He observed that the
—.

gelatinization of starch atration of sodium hydroxide on

the paste and its rh depended on both the

temperature of treat sodium hydroxide. The

maximum DS and RE ely by using 2.0% sodium
hydroxide. With 2.2% so J t:J \the starch s formed very thick slurry
which caused the diffi irriflg. At'this, sodium hydroxide concentration, the

hydroxypropylation wa i_ﬁ:' to occur rapidly. Hence, more

hydroxypropyl groups in st nolecule were oped in a short time.
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Figure 4.4 Dependence of DS and RE on the concentration of sodium hydroxide
Consequently, it indicated that the sodium hydroxide concentration had

influenced on the reaction efficiency and degree of substitution of hydroxypropylated
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starch. Thus, the using amount of sodium hydroxide was limited. If the sodium
hydroxide is present in large amounts, the gelatinization could occur. Also, the DS
and RE may be decreased. Therefore, 1% sodium hydroxide would be used for the

other experiments to prevent the starch from swelling or pasting.

4.3.3 Effect of Propylene Oxide

The propylene oxide was another vital parameter for the hydroxypropylation

of starch. Therefore, the effect o xide was studied by varying from 5 to
20% (v/w) based on the sodlum hydroxide and sodium

sulfate were kept con on the dry starch weight,

respectively. In additio s were allowed to'run for 24 hours. The resulted

examination was taken'as s /h \\\\\~\’* 5.

Table 4.4 Effect of pfopy

reaction effi

Reaction efficiency (%)
(RE)

31.70
36.08

01365 + 0.0 z 40.70
42.66
02565 +0.0085 45.92

AU IS VDT e e e

increased with the increasing concefitration of ﬁilene oxide. exgxlanatlon was

ML (K Fale FRTE T Tt L TG FoX )

react wial leading to higher substitution. The same observation had been reported by

Propylene oxic
(% by dry starch weig

other researchers who worked on the different types of starch (16, 23).
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Figure 4.5 De tration of propylene oxide
téase almost linearly with the
concentration of propylene At 20% proepylene oxide, the gelatinization starch
was observed. This was due to the presenc ore hydroxypropyl groups in starch.

When they were introduced.i nternal bond holding the granule

together was “’ﬁf!_*:‘_’"" -oi-starch-grantlc occurred easily even at

low temperature. On the o ﬂ hydroxypropylated starch

was lower gelatinizatio ‘ t‘c.:mperature. Thus the gelatinization would easily occur. The
e /13ie) (1) i) (M)
U
Consequently, the more Concentration<of ropylene oxidé was added, the
SRR AR KB IKIL AR i TV

much or' less depended on other severe conditions in each reaction such as

temperature, sodium hydroxide and sodium sulfate.
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4.3.4 Effect of Reaction Time

To increase the degree of substitution and reaction efficiency, high
concentration of sodium sulfate, sodium hydroxide and propylene oxide were used.
Thus, to avoid the gelatinization of modified starch, the shorter reaction time was thus
attempted. In this section, the effect of reaction time was studied by varying from 3 to
24 hours, while sodium hydroxide, propylene oxide and sodium sulfate were kept

constant at 1%, 14% and 10% based on the dry starch weight, respectively. The

Wy
&tion and reaction efficiency.

1 deaee' f

results are presented in Table 4.

Table 4.5 Effect of reacti

Reaction time "llf./ /é?“ action efficiency (%)

(hrs.) (RE)
3 21.10
6 3575
14 59.28
18 65.60
21 68.87
24 69.70
f“rom Tal 7 4.5 and Figure 4 showed @t the degree of substitution

and reaction efficiency o‘.— l&droxypropy]ate&ljapioca starch increased significantly at

early reaction ﬁ'ﬁﬂﬁx% E:jéWlﬂj w HJ} ﬁﬁm led to efficient

absorption or sion of propy]ene oxide into starch granules, which increased the
chance ﬁ ﬁ oxide, which
induceﬂwu’] ﬁﬁﬁﬁmmj ﬁﬂ rj ver, after 18
hours increasing of degree of substitution no significant change was observed. It
implied that 18 hours reaction accomplished almost complete hydroxypropylation.

The similar observation had been reported by several other researchers who worked

on other types of starch (16, 24).
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Different types” of “star us, respond to the complete

hydroxypropylation differgnt ‘ eaction time parameter had on

effect on hydroxyprop lati o 4 _' starch. It was found that
g
optimized time of hydroxypro -f arch and amaranth starch were 8 and

12 hrs, respectively. Thi pe_had_the ratio of amylose and

amylopectin differentiy.High amylose content, the optin Y 1 reaction time are shorter.

The optimum reactio =1

|I
il
it

apioca starch had completed

within 24 hours.

ﬂUEJ’J‘VlEJWI‘iWEﬂﬂ‘i
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4.4 Experimental Factorial Design for Starch Hydroxypropylation in Water

Though the hydroxypropylation of tapioca starch in water has been studied by
Buachamras (26), the highest degree of substitution and reaction efficiency of 0.0927
and 36.9%, respectively were reported. This means that 63% of propylene oxide was
wasted. To improve reaction efficiency, the optimum condition of this reaction must

be investigated.

4.4.1 Hydroxypropylati £ rch According to 3* Factorial

Design
In general, the Teag emperature.in tange of 37-50°C. Buachamras (26)
studied the effect of tem egree of sub ion of hydroxypropyl group by

varying from 30 to 50° ., at 50° ,i the gelatinization was observed.
The highest DS of hy Ia ipioca \ was obtained and no gel
formation appeared d vhe ondition was carried out at
40-45°C. At 40°C, th 1 was nearly the same as
45°C. Tt can be conclud

tapioca starch is 40°C. Inrsc onA:3: ‘reacti me was studied by varying from
AT o ALy

re for hydroxypropylation of

‘of substitution and reaction efficiency

were increased withk';t_ly reaction tim ' pngtant at 24 hours. It implied

that 24 hours rea ACC ' ltoxypropylation. The next
tim@vere kept constant at 40°C
and 24 hours, respectlvel* - Y

BB S orronin o

starch, 3 factoridl design was used (Appendix A). In this study, k is defined as three
variabl etion, i ‘;: i ﬁ i ﬁ dium sulfate
and pr%maﬁﬂ m %[ﬂ:ln m:l) c ﬂ i.e. sodium
hydroxide 1.0, 1.5 and 2.0%, sodium sulfate 10, 15 and 20% and propylene oxide 8,
14 and 20% based on the dry starch weight. Accordingly, 3°or 27 experiments of tapioca
starch hydroxypropylation in water were carried out at 40°C for 24 hours. The reaction
at each condition was repeated three times. The DS and RE were determined by

'H-NMR technique as shown in Appendices B and C, respectively. The results are
illustrated in Table 4.6.
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Table 4.6 Hydroxypropylation of tapioca starch in water.

NaOH PO N82SO4

Experiment No. (% viw) (% viw) (% viw) DS RE (%)
1 1.0 8 10 0.0806 +0.0068 36.08
2 1.0 14 10 0.1668 + 0.0084 42.66
3 1.0 20 10 0.2565+ 0.0085 45.92
4 1.5 8 10 0.0975 + 0.0037 43.64
5 1.5 14hhhl4 10 0.2093 + 0.0034 53.53
6* 1.5 [ ‘ - 2
7 2.0 s 1 0.1025 + 0.0047 45.88
8* B 4 - .
9* 0 | « -
10 L / \N .0827 + 0.0083 37.02
11 0 .1871 + 0.0033 47.85
12 ; D 7= \I 598 + 0.0040 46.51
13 1 i e 1062 + 0.0026 47.54
14 5 A4 4 2112 +0.0068 54.02

15* 2000 1 - -
16 2.0 Py D 5. | 0.1175+0.0059 52.60
17* 20 Al 15 . -
18* 2.0 WG 2 . -
19 10 | =8 ik 0.1004 + 0.0078 44.94
20 = | .Oauiiiaia 0.1906 + 0.0050 48.75
21 woLO 32614 + 0.0037 46.80
22 A5 +0.0031 51.21
23 1,5 @260 +0.0014 57.80
24* 15 20 20 = .
25 ] v 1212+ 0.0015 54.25
26 ) | c %Iz 0.0043 69.70

27+ Y| 20 20 20_ o
<ATIANIAUIEINERY

In the case that gelatinization had occurred during the reaction, degree of
substitution would not be determined and the reaction efficiency could thus not be

obtained.
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4.4.2 Degree of Substitution of Hydroxypropylated Tapioca Starch as
Determined by "H-NMR spectroscopy

It had been reported that DS of hydroxypropylated tapioca starch can be

determined correct by '"H-NMR spectroscopic technique (22). The 'H-NMR spectrum

of each product was obtained using deuterium oxide (D;O) as a solvent. Figure 4.7

illustrates "H-NMR spectrum of native tapioca and hydroxypropylated tapioca starch

with various DS.

b DS = 0.0420
’ d
YW e
b DS = 0.1544
a N d
‘ 1
k J &_._._A___ ﬁ, .-L \ -
uuusluuu
--Vfwww |
b mn 5} DS = 0.2614

Figure 4.7 The '"H-NMR spectrum of native and hydroxypropylated tapioca starch
with various DS
a) Equatorial proton of anhydroglucose unit
b) Water
¢) Axial protons of anhydroglucose unit
d) Methyl protons of hydroxypropyl group on starch
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The 'H-NMR spectrum of native tapioca starch shows the signal of axial
proton of the anhydroglucose units, water and equato_rial proton of the anhydroglu(_:ose
unit appeared at & =3.3-4.1, 4.5-4.8 and 5.3 respectively. In case of the
hydroxypropylated tapioca starch, the additional doublet at = 1.1 ppm appeared in
the spectrum. This attributed to methyl protons of hydroxypropyl group on starch. The
DS was calculated using the integrated intensities of the signal at & = 1.1 ppm from
methyl proton in hydroxypropyl group and the integrated intensities of the signal at
=53 ppm from the equatori a of the anhydroglucose unit. The more

hydroxypropyl group is, t c. | ) sration the signal at 3 = 1.1 ppm in relative

with the singlet proton até=5:3 ppm. =fore, 1 eDS was increased.

]

AULININTNEINS
AN IUNMIINGA Y
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Figure 4.8 Degree of substitution of hydroxypropylated tapioca starch
depending on sodium hydroxide and propylene oxide at certain
sodium sulfate concentrations A) 10% w/w, B) 15% w/w and C)
20% w/w based on the dry starch weight.
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From Figure 4.8 (A, B and C), the concentration of sodium sulfate was
fixed at 10%, 15% and 20% based on the dry starch weight, respectively. The
concentration of sodium hydroxide and propylene oxide were varied in the range of 1 to
2% and 8 to 20 %v/w based on the dry starch weight, respectively. In Figure 4.8(A,
B), it obviously indicated that when the concentration of propylene oxide increased,
the DS was higher. The reaction with 20% propylene oxide gave the DS higher than
the concentration of propylene oxide 14% and 8% in a sequence. This is probably due

to the greater availability of propyleneloxids t higher concentrations in the proximity

of starch granules (16). The sodium Ay #idCsconcentration had effect on DS. It

, the high concentration of

sodium hydroxide will p€rmif. 1'5% a tes . The gelatinization could

polymer. Hydroxyl gro bs e PpIC , ning of the junction zones on the
' auses the formation of a gel.
This would weaken the star '—_'k. dpiddncSthe more fluid-like gels. The DS
would be decreased. In case of th re 4.8 (C) and Figure 4.8 (A, B) were
differed. At 8% an ,]h% of Dronvlene xide co £ jand the concentration of

sodium sulfate was ed at 20% wiw ) { all for reactions with no

gel formation appcarg during the concentration of sodium

hydroxide was in the rangesof 1 to 2% v/w based on the dry starch weight were used.

This can be duﬂ ul%n,}&qeﬂawnﬁ wu&lj ’}ﬂ This could be explained

that the salt dissdlved in water and g.ad mteracted with water by s&p’ounded sodium
o QRN T RGN Fepp o o
moleculeq Thus the gelatinization could not occur. With 20% propylene oxide, the
concentration of sodium hydroxide should be not higher than1% v/w based on the dry
starch weight due to the occurrence of gelatinization starch during the reaction. This
can be concluded that each parameter such as sodium hydroxide, sodium sulfate and
propylene oxide had an effect on the degree of substitution of hydroxypropylation of
starch. Other reports also described the similar observation on the hydroxypropylation

of various parameters. (16, 20, 26). The reaction efficiency was considered as
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compared with the DS. It was also found that the RE was depended on these

parameters. The effect of these parameters on the RE is shown in Figure 4.9.

80

——8 %PO
01 _a14 %P0 A
60 | ——20 %PO
50

gl

Reaction efficiency (RE)

30
20 -
10 -
0.‘

Reaction efficiency (RE)

ciency (RE)

Concentration of NaOH (% v/w)

Figure 4.9 Reaction efficiency of hydroxypropylated tapioca starch depending on
sodium hydroxide and propylene oxide at certain sodium sulfate
concentration A) 10% w/w B) 15%w/w and C) 20% w/w based on the
dry starch weight.



53

Figure 4.9 presents the effect of sodium hydroxide, sodium sulfate and
propylene oxide concentration had on the RE of hydroxypropylation tapioca starch. It
waé obviously found that the RE was higher when the concentration of sodium
hydroxide, sodium sulfate and propylene oxide were increased. However limitation of
each parameters was needed for preparing the high RE. With higher propylene oxide,
higher RE was obtained. At 14% propylene oxide, the RE was nearly the same as
20% propylene oxide by using 1% sodium hydroxide. This can be explained that at

20% propylene oxide, the more 1 groups were, the more starch slurry

formed very thick slurry. Thu was decreased. That means the

amount of sodium sulfat%ot ‘blgh ﬂp prevent the occurrence of

of DS since the DS is defined
‘the starch. While the RE is

gelatinized starch. Theses
as the number of substi

defined as the percentagl c as compared with starting
propylene oxide. During can react with both starch
nucleophile and sodium Oxidé tm' : xypropylated starch and by-
product. Therefore, the'k a8 de ' “Concentration of sodium sulfate,

the gelatinization could

indicated that salt could redfice grartulé swellingd The highest DS and RE obtained were
0.2725 and 69.7%, mspectwely.fé%’ op d tapioca starch in water

4.5 Experimental
Alcohol

Another mﬂ uaﬂﬂ qa E.Ln j Wfpl ’1rrtljf hydroxypropylated

starch in aqueous alcohol medium su€h as ethanol.mOﬁpanol and®miethanol efc. The

hydroxSafopSand3bich i i dr b iicteolChetin gk fbaia 0, 2,

Ethanol was chosen, as medium for hydroxypropylation of tapioca starch due to its

rﬁypropylation in Aqueous

less hazardous than other alcohols. In this research the hydroxypropylated tapioca
starch was synthesized in aqueous ethanol by using 3’ factorial designs, the same
method as the reaction in water, but the variables are the concentration of sodium
hydroxide, propylene oxide and the percentage of ethanol in water. In this case, no
sodium sulfate was added since ethanol could not swell the starch molecule.

All the reactions were carried out at 40°C for 24 hours. The DS and RE were determined
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by 'H-NMR technique as shown in Appendix B and Appendix C, respectively. The

results were presented in Table 4.7

Table 4.7 Hydroxypropylation of tapioca starch in aqueous ethanol.

Experiment No. (1;333) , %PSW) Ethanol:H,0 DS RE (%)
28 1.0 g, 30:70 0.0426 +0.0029 |  19.07
29 1.0 ' 70 0.1013+0.0022 | 2591
30 1.0 0.1482+0.0048 | 26.53
31 i : 0.0667 +0.0015 |  29.86
32 4 | 0.1289+0.0021 | 32.97
33% AN - -
34 \ 0.0694 +0.0053 | 31.07
35% 0 30: - =
36%* - 30: = =
37 0:5( 0.0397 £0.0063 | 17.77
38 50:5 0.0842 +0.0013 | 21.53
39 "1, 50:50 0.1156 £0.0044 | 20.69
40 50: 0.0532 +0.0067 | 23.81
41 1.5 : 0.0975+0.0052 | 24.94
42 IS :50 0.1568 +0.0038 | 28.39
43 2.0, 0.0580 +0.0084 | 25.96
44 R 1203 +£0.0054 | 30.77
45 420 | .1899 +0.0034 |  34.00
46 1.0 . 0.0374+0.0027 | 16.74
47 - '.,0_ 14 70:30 0.0566 + 0.0035 |  14.48
48 et b A0 201 mrd 2205 5+0.0052 | 16.74
49 sql¥ ? ¥4l 0422 +0.0062 |  18.89
50 4J 1.5 14 70:30 0.0773+0.0022 | 19.77

| 0: 23 40,0087 | 23.68
. 8! 70: 05 0039 | 22.83
953 2.0 14 70:30 0.1037 £0.0036 |  26.52
54 2.0 20 70:30 0.1603 +0.0044 | 28.70
Note: * gelatinization starch was observed
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From Table 4.7 it obviously indicated most experiments were no gel formation
appeared during the reactions. It indicated that ethanol can be prevented gelatinization
of starch but the DS and RE were lower. Other reports described the similar
observation on the hydroxypropylation of different types of starch (24, 30). These
observations explained that the structure of ethanol was larger and more hindrances
than water molecules. As the result, water molecule could not approach the starch
molecule. Thus the gelatinization could not occur. Hence, the DS and RE were lower

f tapioca starch in water. It is not fully

odium hydroxide and propylene
oxide exhibited lower dis imeth%non than water. Thus sodium

hydroxide and propylew diffic {y perietratéd to react with starch granule.
Therefore, the DS a 1 in 50% ethanol in water
provided higher DS ‘ ) \‘\? iespectively when propylene

\ tarch weight were used.

than the results from the hydrox

understood. Possible reasons

’ lt\- Tapioca Starch

Propylene oxide is a ve atil .’r“i ernical ediate and its boiling point was low

(bp. = 34.23°C). Since the rﬁ%éﬂ

around its boiling e - ene_oxide could™ cas ly evaporate during the

d at room temperature which was

dropping funnel with a water

jacket was used for 1' ing propylene oxide dropwise

addition period. To"keep pro;

o the starch solution. The

reaction condlﬁl for this @xperiment was thé same as ﬁenment No. 26 in Table

4.6. The reacti wu&l '}:mgﬂrm ﬁewg&l ’a ‘i\tlon was determined

at least three tm?és for each sample. Fhen the average value of degree of substitution

R SR 6
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Table 4.8 High degree of substitution of hydroxypropylated tapioca starch in water

Reaction Degree of Average Average
No. substitution degree of substitution | Reaction efficiency
(%)
1 0.2847
2 0.2747 0.2797 71.50
3 0.2796

all three trials was 0.2797.

From Table 4.8 it was fou d the | %f all three trials was very close to
( ( — -'4 = 4

he degree of substitution and

the reaction efficiency wezg p'than| those "'? ried earlier were little increased as

compared the best condjién .6 cdction hat gave highest degree of

@\x\

the DS and RE. The highg g - Cle]

substitution. Althoug} 1gher but it improved that

this equipment design an be concluded that besides
e are parameter influencing
ed was 71.5%. The amount of

ropylated tapioca starch having

DS greater than 0.25 was not fou | -."-"" d.that this research could be developed
= i-‘

ubstitution and reaction

the reaction condition, t
efficiency, 0.2797 a T(V;T"'f“““""‘“"“’ | ;f ates 'H-NMR spectrum

of hydroxypropylated starch with highe gree o subﬂution, 0.2797 as compared

with native tapioca starchy

ﬂﬂﬂ’)‘i’lﬂ‘ﬂ‘ﬁ?ﬂﬁ’m‘i

Nitive tapioca starcls, S i &2797

Q' TANNTUURIINYAY

PO
i

Figure 4.10 The 'H-NMR spectrum of native tapioca starch and high degree of
substitution (DS = 0.2797).



The signal in the 'H-NMR spectrum of high degree of substitution is a new
signal appeared at 8 = 1.1 ppm. This signal did not appear in the 'H-NMR spectrum
of native tapioca starch. The signal at & = 1.1 attributed to methyl protons in the
hydroxylpropyl groups on starch. The increase of degree of substitution, also the peak
intensity of this signal was higher. The peak intensity depends on the hydroxypropyl
group on the starch.

When a st ‘ ot -,, es lose their birefringence,
then as the temperature : es their original size, the
viscosity begins to i \ from that of a cloudy
suspension to a translu 1 temperature ranges, which
are the characteristic o the nature and extent of its

modification. This makes obse ‘,;_, iperatures at which they occur of

.r,._‘

value in the differentiation and ide; .ﬁu 0] arch (7, 13). The pasting property of

starch is shown in Figtire J

Vm— Y
op viscosity % m

swawng

apse

“4— Gelatinization temperature

60°C 100°C

Figure 4.11 The pasting property of starch
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The paste curves can be explained that when a starch is heated in hot
water, the starch molecules vibrate more vigorously, breaking intermolecular bonds
and allowing their hydrogen bonding sites to engage more water molecules. The
granule size and viscosity begins to increase. Continued heating in the presence of
abundant water results in a complete loss of crystallinity. The point at which
birefringence first disappears is regarded as gelatinization point or gelatinization
temperature. Highly swollen granules and peak viscosity, with continued heating, the

hydrogen bonds holding the granul

e | yg rupture, the swollen granules collapse

pioca starch ranges from 59-70

and disintegrate, and the viscosit

In general

°C depending on the sia f amylose and amylopectin.

Different starches e t gelatinization temperature. The gelatinization

range refers to the te gc.Ove 0 all'the starch granules are fully

swollen. The gelatinizati vas ol ncreased viscosity of the starch
F il e -

slurry. As the starch” undergo s hiydroxyptopyl substitution, the gelatinization

temperature is decreased. ', -amother ‘indirect method for relatively
determining degree of substitu 5t of h i py ated tapioca starch is the starch-
gelatinization tempcrature drap';*‘fix’éﬁ iscoamylograph is a convenient
instrument to use fordetermining the decrease of selatinis i_i‘ temperature (7).

" {
Table 4.9 Effect of sumtitution on gelatinization tcmpgture of hydroxypropylated

U IngningIng
AN TP E Sl agE. =

OC)

Native tapioca 69.5 935 265 230 265
DS =0.0426 63.5 600 340 265 320
DS =0.0806 29,5 720 400 330 420
DS =0.1384 57.8 730 480 375 460

DS =0.2797 54.5 660 320 295 380

cooling to

30 min (BU) | 50°C (BU)
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Table 4.9 showed the Brabender characteristics of the hydroxypropylated
tapioca starches having degree of substitution of 0.0426, 0.0806, 0.1384 and 0.2797
compared with native tapioca starch. It was observed that the gelatinization
temperature of hydroxypropylated was lower and the peak viscosity was higher.
Hydroxypropylated tapioca starch with DS 0.0426, 0.0806, 0.1384 and 0.2797, the
gelatinization temperature was lowered 63.5, 59.5, 57.8 and 54.5, respectively. This
can be easxly explamed by the fact that the hydroxypropyl group is hydrophilic in

by weakemng the internal bon: ‘ : \\‘ g - S u:e together. Then it increases the

ults it can be concluded that the
hydroxypropylation proges starches with high swelling
power. The similar obsg archers (17, 19, 24).
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Flgure 4.12 Brabender Viscograph of tapioca starch and hydroxypropylated
tapioca starch with various DS (DS = 0.0426, 0.0806, 0.1384 and
0.2797).
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From Table 4.9 and Figure 4.12, it also indicated that the gel from
hydroxypropyalted starch was highly viscous as compared to native tapioca starch.
This was probably depended on the hydroxypropyl group in modified Vstarch. The
hydroxypropyl group caused loosening of the network and allowing additional water
to enter starch granule. Thus the increase in hydration volume resulted in higher
viscosity. In this case, cohesive forces in the starch granular structure still remained
after hydroxypropylated groups slightly occurred. But hydroxypropylated tapioca

starch of high degree of substitution) 0.2797 showed remarkable decrease in peak

viscosity as compared to the othe hydrox /propylated starches probably caused by
; ' ise the amount of hydroxypropyl
groups was higher than I actions. mi servation had been reported

by Pal (19).

A ch granules tended to rupture,
q es of the starch chain. The
\ ooled to 50°C, the viscous

1on o amylose chains. It formed a

collapsed and fragment
viscosity was dropped.

tended to rise, caused b

network that increased the

Consequently, the gelatinization temp eratisg of hydroxypropylated
tapioca starch was ‘V. ed. T ““- because of hydrophilic
nature of hydroxypro groups erefore, the Brabend I Viscoamylograph was the

one of all methods to use“mxieterrmm§.| ?a of substltutlon of hydroxypropylated

tapmmhﬂuﬂ’mg] WBnNS
ammnim UAIAINYAY
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4.7.2 Moisture

The moisture content of a starch is of economic importance as
purchaser does not wish to pay for an excessive amount of water and also the storage
properties of the starch will be dependent upon moisture content. A high moisture
content will permit the growth of moulds and other microorganisms and will affect its
free-flowing properties by balling. The normal moisture content varies from starch to
starch. For tapioca starch, the moisture coptf;;t_ is range from 10-13% (13).

The moisture of hydroxxpropyllatcd“t'ci‘gioca starches was measured by

Sartorius Moisture Analyzer™Both.hydroxypropylated tapioca starch obtained from

ous' alcobol contained ‘meoisture 10-14% by dry starch

did 1)

¥ +
edsg moisture absorption, which was about the same as

NE ¥
L AW

i v-(J‘

both reaction in water

weight (Appendix I an

‘Therefore, the hydrexypropyl groups incorporated
lli ~ i -

into tapioca starch did

the native tapioca starch.
G )k

ology of the Hydroxypropylated Starch

- r JJ-J_‘I
Gl <

——

In general, the grg.nu?es of taﬁE&Mch are range from 5 um to 35 pum.

4.7.3 Granule

In this study, the natjéa tapioca starch has the granulesnié‘,the range of 5-15 pm as

shown in Figure 4. 13.‘{:.. .

Figure 4.13 Scanning electron micrograph of native tapioca starch
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The granules appear round with a flat surface on one side containing a
conical pit which extends to a well-defined eccentric hilum. Some granules are very
nearly circular. The surfaces appeared to be smooth. Figure 4.14 illustrates the
granule morphology of hydroxypropylated tapioca starch having degree of
substitution of 0.0426, 0.0999, 0.1384 and 0.2797.

F i
STREC 1263 OB &-17 1 Oxen

ki 1S5kVU 18um x2s 508

Figure 4.14-Scanping electron micrographsyef hydrex ypropylated tapioca starch:

A) 'IBSi='0.0426
B) DS =0.0999
Q):DS's 0.1384
D) DS = 0.2797

Although different conditions of hydroxypropylation were used, it was
obvious that these did not affect the size, shape and the granule surface of the starch.
That means the starch granules were not damaged by hydroxypropylation under these

conditions.
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