CHAPTER IV

RESULTS AND DISCUSSION
4.1 Examination of Physical Properties of Native Tapioca Starch

Native tapioca starch from Siam Moulf"farch Co, Ltd. had been examined

for its general physical properties. It was bright der with the whiteness 94%.

It contained moisture 14%. ‘___g_anl Eule ofJ tapioca s't'?c?n' was rather a sphere, as

———

shown in Figure 4.1, which M Glefistic of most tapioca starch (11).

Figure 4.1 Scanning electron micrograph of native tapioca starch.
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The pasting property of the native tapioca starch is shown in Figure 4.2,
It indicated that thé gelatinization temperature of native tapioca starch is normally
69.5°C and its peak viscosity is 625 BU (Brabender Unit). .In general, the
gelatinization of na;tive'tapioca starch ranges from 59-70°C depending on the size of
granule and the composition of amylose and amylopectin. It usually occurs over a
narrow temperature range, with largervgranules gelatinizing first and smaller granules

later (9). It shall be noted that the hi ylose is, the higher the gelatinization

temperature will be. Since E e ) , they can line up more readily

and have more extensive 3 1rcs more energy to break
these bonds and gelgtiniz ) LI \ the native tapioca starch

hormally contained 15-18% affiyldss used. I n swell and gelatinize- at low

temperature.
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F igure 4.2- Brabender Viscograph of native tapioca starch (rate 1.5°C/min).
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Accordingly, all reactions of tqpiocé.starch must be handled at the temperature
lower than its gelatinization temperature. This is to prevent the occurrence of
gelatinized starch which will create the difficulty in the reaction work-up later.
Therefore, all the reactions in this research were carried out at about 20-30°C lower

than gelatinization temperature.

Different types of starches W’ _ | th modification differently.

wree of substitution in

hydroxypropylation differe g (21) also reported

that the degree of substit pylated starch at the
same condition was differing from’ : type , > others. Basically, the

reaction efficiency correlates 12¢ '0f}- anules, with larger granule,

potato starches. Hydroxyp@;r ation of t raﬁy to find. Therefore,

th . : . . d
e hydroxypropylation of tapéog starch was mveaggated in this study.

AUEINENINEING

The pnmaryﬂondmon of hydroxy?ropylatlon of taploca starch had been taken
o o Y 5 B8 BRI G T o
propylene O)ade, both based on the dry starch weight at 40 °C with 24-hour reaction
time. This reaction was carried out three times, repeatedly. The degree of substitution
then was determined by colourimetric method (12) at least three times for eaéh sample.

Then the average value of degree of substitution was taken as shown in Table 4.1.
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Table 4.1 Hydroxypropylation of tapioca starch at the primary condition.

Reaction No. Degree of substitution Reaction Yield (%)
(Average)
1 0.0588 - 30.07
2 0.0518 26.49
3 2834

noticed that the degree of subs 1 and-reaction yie e repeated reactions

were quite different. This™ n appeared after the

hydroxypropylated starch action temperature was

controlled to be not over 40° This gel formation was

The gelatinizationmemp at@ starch was varied

depending on the degree of sgbﬁi‘tution (16). Or@ the gelatinization was induced to

T

hydroxypropylation%as interrupted caused by this gel. nTherefore, it is Wte vital to

v s GBS 1 V1)1 6 &

This can be performed by varying the gelatinization inhibitor. The presence of
the gelatinization inhibitor in the reaction shall prevent gelatinization before

hydroxypropylation starts. Furthermore, its presence may allow the reaction to run at
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more severe condition such as higher temperature, higher content of sodium hydroxide

and propylene oxide.
4.3 Effect of Sodium Sulfate on Degree of substitution

Two common gelatinization inhibitors are sodium sulfate and sodium chloride.

Although sodium chloride is cheaper than sodium sulfate, propylene chlorohydrin may

Propylene oxide ' T ‘ “ . Propylene chlorohydrin

Scheme 4.1 The side reaction b ' a,g.T oxide and chloride ion (28).

et Sl S

=

chlorohydrin level in v‘h f 7 \‘J been limited and

regulated by VFood and Drug Administration (FDA) (24). ’m avoid such problem,

R “F;‘]J’Ti‘ﬁﬁ N (340 (e h i

this research.

¢ a o/
Vaﬂ;ﬁnﬂm@ofgo ium?uE’H \%emﬂn@dn@oga@nﬂaction at

the same condition as described in section 4.2 (Table 4.2). Each condition was carried
out three times, repeatedly. The degree of substitution was then determined by
colourimetric method at least three times for each sample. Then the average value of

degree of substitution was taken as shown in Table 4.2
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Table 4.2 Effect of the quantity of sodium sulfate on degree of substitution.

Sodium Sulfate Degree of Substitution
(% by dry starch weight) | (Average) '
8 0.0475 +£0.0031
12 ' 0.0549 +0.0034

15 0.0664 +0.0055

the am@lum sulfate increased, the

70 sodium sulfate gave the

Figure 4.3 showed :
degree of substitution w

nll occurred. In case of,

o - \ gree of substitution was

obtained and no gel formati DI : t n . This can be due to the

minimum degree of substi

the reaction with 12 and

salt dissolved in water. Salt hi te unded sodium ions and

sulfate ions. As the result, d not approach the starch
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Figure 4.3 The plot of the quantity of Na,SO, versus degree of substitution.



43

molecules. Thus the gelatinization could not occur. Bircan (25) reported that salt is
added to the starch during modified process because it reduces granule swelling.
Modification of the starch occurs in an alkali environment, which may increase. It is
likely that the hydroxyl groups of starch bind sodium ions, similar to the binding action

when sodium hydroxide is added.

The gelatinization in modified starch

was occurred by the interaction between
} ike sodium sulfate is present in
wxll not occur to only a

opylation reaction is

starch and water. Thus, if the gelatini
large amounts, water activity

limited extent. The degree o

Accordingly, the p

necessary. However, the h ion which had salted

over 15% by dry starch as thickener in food

application. Furthermore, sul en sulfide by anaerobic
reduction during wastewater \emiscan - have fa desirable effect on the

environment (13).

4.4 Effect of Sodium Hydfﬂ&.

e ST s o

the O-H bond nucle&hlhc and to fac111tats‘ the formatlon of starch-O. Thls was done

oy uine AR AU UAINYAY

From Table 4.3 and Figure 4.4, it obviously indicated that degree of
substitution was increased when the amount of sodium hydroxide was increased. The

maximum degree of substitution is 0.0752 by using 1.5% sodium hydroxide. The
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Table 4.3 Effect of the quaintity of sodium hydroxide on degree of substitution. .

Sodium Hydroxide Degree of Substitution
(% by dry starch weight) | (Average)
0.5 0.0308 +0.0067
1.0 0.0664 +0.0055
l‘.5 0.0752 +0.0038
2.0 gelatinized

/ . : .
increase in degree of substituii // xypropylat apioca starch was because of

propylene oxide to y eld ydroxypropylated  starck en sodium hydroxide

concentration increased, the amountsof nicleophile would be increased: The higher

i 0.08 - = W) 0.0752

§ o.oﬂ ‘ m“p d

2 v0.04"|d._ F0.0308 a v .
t;!ﬁ)"]@g ANV I VIE TNE

0 0:5 1 1.5 2
The quantity of NaOH (% by dry starch weight)

Figure 4.4 The plot of the quantity of NaOH versus degree of substitution.
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The effect of sodium hydroxide concentration on degree of substitution can be
explained by the following mechanism: sodium hydroxide could catalyze the
- hydrolysis of 1,2-propylene oxide as well. This would lead to the formation of

propane 1,2-diol, a side product (Scheme 4.2). This reaction competed with the

0 OH H,0
—_ CHZCHCH3 —_— cnz?{cx{; |
Propylene oxide ,.! ﬂropylene glycol

.

Scheme 4.2 Basé-ca 0y ‘e ox1de (28).

catalysis of starch with the gree of substitution

resulted while at higher perc degree of substitution was
increased suggesting the hydroxide on the

hydroxypropylation reaction.

With 2.0% sodium iy groxide; the-starch-sturry-formed-avery thick slurry that
difficult to stir. At this sodiﬁ hydroxide ¢ were pﬁumably induced to
occur rapidly more hydroxypropa«l  groups in a short H’_rpe. A hydroxypropyl group was
hydrophilic. Hy&oﬂr%l%’s}:ﬂeﬂ%iﬁ%@e’%@yﬁn cold water
than native starch. Hem:ver, gelaﬁnizaﬁon would easily occur due to the presence of a
large numbe@f W]ﬁ}@q&lﬂd‘?@ﬁ wswﬂn’aao%o&’sana&l the
repori by A.A.qRagheb (26). He observed that gelatinization of starch depended
mainly on the concentration of sodlum hydroxide on the paste and its rheological

characteristics of pastes depended on both the temperature of treatment and on the

concentration of sodium hydroxide.
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Consequently, it indicated that the sodium hydroxide concentration had
influenced on reaction efficiency and degree of substitution of hydroxypropylated
starch. But the gelatinization occurred when the percentage of sodium Hydroxide was
too much. Therefore, the presence of sodium hydroxide was much or less depended on

the other severe condition in each reaction such as higher temperature, higher content

by

of sodium hydroxide and propylene oxide.

e of substitution

4.5 Effect of Propylene Oxide Con

JIN

Figure 4.5 presented entration on degree of

substitution. It obviously /as increased when the

propylene oxide concentrati ble 's. 1 , i , swed that the degree of

w. -- ide. The explanation

substitution as high as 0.
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Figure 4.5 The plot of the concentration of propylene oxide versus degree of

substitution.
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was that the great amount of propylene oxide would allow more possibility for starch-
O to react with leading to higher substitution. The same observation had been reported

by other researchers who worked on the different types of starch (13.21).

At higher than 9% propylene oxide, gelatinization occurred. This was again
due to the presence of more hydroxypropyl groups in starch. When they were

introduced into starch granules, the intern 71nd holding the granule together was

of substitution.

Propylene Oxide™ )/ A\ N _: "Substitution

(% by dry starch weig age)

: 7 2\ \Obsisoni
. ‘ 00752 +0.0038
9 0.1013 +£0.0044
10 ' gelatinized

- ; ; w ' J A__-.‘ .'. . = .
20 = SRS oelatinized

weaken. Then hydration oﬂtarc
On the other hand, it can be sa id that the thypropylated starch was lower

B RBHINEINT
BT BTN DA HD I

was needed for preparing the high degree of substitution of hydroxypropylated starch.

evﬁ at low temperature.

In order to yield higher degree of substitution at hlgh propylene oxide concentration,
other factors must be considered. Therefore, the next section would study the indirect
condition which avoid the gelatinization when high propylene oxide concentration was

used. Furthermore, FDA regulations defined the maximum amount of propylene oxide
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and its derivative, propylene chlorohydrin that can be presented in the product

(Scheme 4.1). This must be conceived if it was used for the food application.
4.6 Effect of the Reaction Time on Degree of substitution
To increase the degree of substitution, high amount of sodium sulfate, sodium

hydroxide and propylene oxide were used. 01d the gelatinization of modified

starch, the shorter reaction time wa

Table 4.5 Effect of the reac

Reaction Time

(hrs) AN . M
6 lﬁ%‘\‘ +0.0048
12 ﬁ 0927 +£0.0037
18 O. 023 £0.0037

018 £0.0019

20

24 13%0.0044

y
From Table 4.5 and Figuze 4.6, it showedsthat the degree of substitution of

irnsronyied dpbl b W ELVRE L Tt G

contact time with contlnuous agitation fed to efficient, absorption or ¢diffusion of

popyine B Gt b ied Hirehid He bk e e

between the starch nucleophile and propylene oxide, which induced a higher degree of

substitution. However, after 12 hours no significant change in degree of substitution
was observed. It implied that 12-hour reaction accomplished almost complete
hydroxypropylation. The similar observation had been reported by several other

researchers who worked on other types of starch (13,22).
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Figure 4.6 The plo \\\ : of substitution.
Accordingly, 12 hou he ,, nate reaction time for
hydroxypropylation of tapioca Wk zu-ls ropylene oxide concentration was 9% by
e \
dry starch weight. The lower reagti ?; hours gave only slightly higher
degree of substitution which was not g ~v~--_;---e--~ cconomic wise.

e

4.7 Effect of Temperat +o)

The elevat m penetration of
sodium hydroxide Epropﬁgmﬂ ‘Y[t ch thus'economizes the
reagent conqranar.] aw ptwg iﬁ an the
gelatinizationytemperature of natlvm sgr[h whic EJ
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Table 4.6 Effect of temperature on degree of substitution.

Temperature Degree of Substitution
(C) (Average)
30 0.0408 +0.0016
40 0.0927 £0.0037
45 AW, | 0.0948 +0.0029

50 - A oelatinized

Table 4.6 and Figur hat ' ture was, the high

degree of substitution was obid ,4 of collision of the

starch nucleophile with the pz % ule normally increased
# i

when the temperature was ¢ g even, at 30 gelatinization was

. WA :

observed. It can be rationaledfthaf 45 %F e increased, the starch

molecules vibrated more vigorous : int larbonds and allowing their
£ ..i;‘i.g L2

0..15 —

Absorbance

0 C 10 20 30 40 50
Temperature (OC)

Figure 4.7 The plot of temperature versus degree of substitution.
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hydrogen bonding sites to engage more water molecules in the reaction caused

gelatinization to occur. This was corresponded with the report by Ragheb (26). He
observed that the degree of gelatinization depended on the temperature and the amount
of water available in the process. When the temperature and the amount of water

increased, thicker gel was observed.

Consequently, it indicated tha igher degree of substitution of

elevated temperature which

was lower than the gelatinizatio &

a starch.
/ %. :
4.8 Effect of the Reaction Me iun ag i

To avoid the gela ng reaction, it sary to conduct the

water medium. For

example, it had been accomplished by ,,}HS},_ ous alcohol medium such as
-!'.r;a" S

ethanol, isopropanol and methanol. “'The"’ ydroxypropylated starch had little or no

- ‘o V)
o VEE) I VTEIVTS PR TR
(% by starch weight) 4l a (Average) 'Y,
AR TS OV T e
30:70 0.0522 +0.0031
70: 307\_ 0.1003+0.0029
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Table 4.8 obviously indicated that an amount of water had influenced on
degree of substitution as well. The degree of substitution obtained from the reaction in
30% ethanol was less than 70% ethanol medium. It was noticed that in the first two
reactions, little gel formation was observed. The rationalized to this observation was
that higher amount of water was presented in the reactions using 20% and 30%

" ethanol. In this case, sodium sulfate was not worked since ethanol could not swell the

a
molecules. However, at low percentage J ‘ reaction, slight gelatinization
was still observed. When the s ax hydroxide and propylene

's,»get.diluted. Therefore, the

starch molecule due to its structure, which

ger, and more hindrances than water

oxide, which penetrated to

degree of substitution w e described the similar

observation on the hydrox (20,22).

Accordingly, the

gelatinization of the hydrox

taploca starch in aqueous ethan mé'ﬁ ‘was-the appropriate medium for preparing

‘i’ — =

the high degree of substitution of hydw >
(A

4.9 High Degree of Substiﬁid piﬁ'a Starch

o o) G BHYP AR e ot o

hydroxypropylatlonqelf tapioca starch was,as follows: 40% dry starch i 1n water, 15%
et R, SO RTRLEN TP OGS4 0
these based on the dry starch weight at 40°C with 24-hour reaction time. The reaction
was repeated three times. The degree of substitution and reaction yield of
hydroxypropylated tapioca starch‘ were 0.1013 and 40.70% respectively. They were
notvhigh enough because the amount éf propylene oxide was lqst about 59.30%. Thus

this section studied the preparation of high degree of substitution of hydroxypropylated



53

tapioca starch which decreased the loosening of propylene oxide. The reaction was
repeated three times. The degree of substitution was determined at least three times for
each sample. Then the average values of degree of substitution and reaction yield were

taken as shown in Table 4.8.

From Table 4.8, it found that the degree of all three trials were very close to

Table 4.8 Degree of substitw

Reaction No. Degree 0 Average
Reaction Yield
(%)
1
2 49.10
3

Y.J. Choi (27) alscﬂn‘ep DY tedﬁ)m starches at high

degree of substitution in an agueous ethanol (70° . Sodium hydroxide 1.08% and

propylene oxide 3oﬂbuﬂa’ra1 w&% gdwzj:’](ﬂtl yield reached

about 50% (DS 0.4) %ly a 24-hour reactiony Therefore, h&droxypropylatl%pf tapioca

s v eloul S b A et b

at 45°C to prevent gel formation. It was found that only 0.1076 of degree of

substitution and 12.84% of reaction yield was obtained. It is unbelievably that he
could get high degree of substitution 0.4 since very low concentration of sodium

hydroxide was used which was not conformed with this research.



54

4.10 Determination of Degree of Substitution by 'H-NMR

Degree of substitution of hydroxypropylated tapioca starch can be determined
by two different methods: a colourimetric and proton nuclear magnetic resonance ('H-
NMR) method. The determination of degree of substitution of hydroxypropylated
starch was thus performed by using 'H-NMR technique. The hydroxypropylated

starch with the highest degree of substitution,}0:2130, taken as a sample for '"H-NMR

recording compared with the 'H-N tive tapioca starch. Table 4.9

showed degree of substitution@ne@y col ric method and '"H-NMR.

=

Table 4.9 Degree of substi

determined by colourimetry

DS (Colourimet
0.2130 a7
. 1 _...;:I‘::-:"i'l'f"r""-_"- .:' -‘r- g . : .
With H-NMR spfitroscopy, the degree of substitution was.calculated by using
‘I -
the integrated intensitie$ of the onals in two tailed in Appendix J.

Figure 4.8 showed the 'H-NMR spe apioca staﬁ\, where the signal of

equatorial proton of the anhydreglucose unit, protons of the anhydroglucose units and

v sperd 55045 88 4 3 ihy | b e i

appear the signal from the methyl protons in the hydroxypropyl groups. gTo compare
wits Figirh o Nyclor3b oo Heod s 1 i ik PO Sgnal o
hydroxyprop?ll group at & 1.4-1.6 ppm (a doublet). The degrees of substitution values
obtained from 'H-NMR were higher than colourimetric method. The reason for this
significant difference in degree of substitution values betweeh two methods was
probably due to the error from colourimetric method. The colourimetric method was

the conventional method for determining degree of substitution of hydroxypropylated
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Figure 4.8 The H-NMR spectrum of native tapioca starch.
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starch. This method ﬁed taken a long time and procedure to prepare the starch samples
involved several steps, while 'H-NMR method has taken a short time and better
precision can be obtained. However, 'H-NMR instrument cost high expense but it
gives more accurate results than colourimetric method. 'This similar technique had
been reported in different types of starch by the other researchers (18,19). In the
present, colourimetric method is still used to determine the degree of substitution of

hydroxypropylated starch.

Accordingly, it showed t x&n be used as an easy and
T— T——

accurate tool for analysis of d had saved time for

determining degree of subs
4.11 Examination of Physi

4.11.1 Gelatinization

-70°C. Different starches

exhibit different 9'}'"—"" -------- —— zatiort range refers to the
temperature range over v@ch : arem'ully swollen. The

gelatinization of starch was ohs ed by mcreasewlscosny of the starch slurry. As

e s i LA BB e

decreased. Therefore another indirect method for detexﬂnmg degree on)xbstltutlon

ot YRS R R A H I8 & e

Brabender Vlscoamylograph is a convenient instrument to use for determining the

- decrease of gelatinization temperature (6).
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Table 4.10 Effect of degree of substitution on gelatinization temperature of

hydroxypropylated tapioca starch.

Samples Gelatinization Peak Viscosity at | Viscosity Viscosity
Temperature | Viscosity 95°C after after
o) (BU) (BU) holding at | cooling to
95°C for 30 50°C
min (BU)
(BU)
Native 69.5 320
tapioca
DS=0.0664 60.5 450
DS=0.0752 60.5 390
DS=0.0927 59.0 490
DS=0.1013 54.5 520
DS=0.2130 54.0 380

tapioca starches having dege of subs
0.2130 compared with nativestapioca starch.a/It was observed that all the

AU AN LN INEAA T our e
Y

starch. It also showed that the gelatinization temperaturesdecreased gradually with an

s of Ot bbb, e i) Sy b5 b

hydroxypropyl group is hydrophilic in nature, which facilitates the penetration of water

hydroxypropylated

molecules inside the starch granule by weakening the internal bond holding the granule
together. Then it increases the ease of hydration of the starch granule. The similar

observation had been reported by the other researchers (14, 16, 22).
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Viscosity (BU)

(rate 1.5°C/min).

ylated tapioca starch

Viscosity (BU)

Figure 4.11 Brabender Viscograph of hydroxypropylated tapioca starch
(DS = 0.0752) compare with native tapioca starch (rate 1.5°C/min).

—— Native tapioca starch  «...» Hydroxypropylated tapioca starch
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Figure 4.13 Brabender Viscograph of hydroxypropylated tapioca starch
(DS = 0.1013) compare with native tapioca starch (rate 1.5°C/min).

—— Native tapioca starch  sssss Hydroxypropylated tapioca starch
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From Table 4.1 (DS 0.0664, 00752, 0:0927 aad 0.1013) and Figures 4.10 -

_.--I‘ "-r‘r o ;r’ "J A } YL
4.13, it also indicated that Q}‘&gel from hydroxyp{opm § highly viscous as

de hydroxypropyl

compared to native tapioca'starch. This was probabl on-

group in modified starch. Tbghydroxypropy group caused loosﬂmg of the network
and allowing additional water t& efiter starch the in hydration
volume resulted in hlﬁiru oiﬁﬂ’lﬂ ch granular
structure still remamed after h drox roﬂ;/late tly occ But
hydroxypropﬂ Wa:nl)a ﬁ m s’t]zps ﬁlﬂﬁﬂ 14)
showed remarkable decrease in peak viscosity as compared to the other
hydroxypropylated starches probably caused by very weak cohesive force in the

granular structure because the amount of hydroxypropyl groups was higher than

previous reactions. The similar observation had been reported by J. Pal (16).
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As heating was continued to 95°C, the starch granules tended to rupture,

collapse and fragment released the smaller molecules of the starch chain. Then the
viscosity dropped. When the gelatinized starch was cooled to 50 °C, the viscous tended
to rise, caused by molecular association from amylose chains. It formed a network that

increased the viscosity (16).

Consequently, the gelatinization rature of hydroxypropylated tapioca

starch was dropped. The peak vi i : ause of hydrophilic nature of
hydroxypropyl groups. Therefor : e&ylograph was the one of all

droxypropylated tapioca

methods to use for dete

starch.

HdeOXYPrdPylated tap From this research had moisture between
nded on the physical properties
of these starches because __i 4: starch was increased by

hydroxypropylation: &

-
Autangninens
ARIANTUNRIINYINY
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4.11.3 Granule Morphology

SEM used to determine granule morphology of hydroxypropylated tapioca
starch. The granule morphology of tapioca starch before and after hydroxypropylation
was presented in Figure 4.15. The size, shape and the granule surface remained

unchanged on hydroxypropylation. It showed that the starch granules were not

damaged after hydroxypropylation had comp*e‘eh, /

Spm 210803

aa
. ’?ynitiv (Ae, hydroxypropylated:

Jr“'

i *,?_ )Qi@mx propylated: preparing in
J"!;.;i:-;-m o o f g
aqueous ethanol medium (C) tapi % granules.
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