CHAPTER II

THEORETICAL BACKGROUND

2.1 Tapioca

Cassava is the third most impc in Thailand. About 18 to 20 million

tons of cassava root are produ Z million hectares of planting

are also the source of an important staf 1is now grown widely as a food crop or for
=7 7 S

industrial purposes. In

position as white potatees do in some pa g'zones as the principal

carbohydrate of daily diem The industrial utilization of ca@va roots is expanding
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is being increasingly adopted. The plant grows in a bushy form, up to 2.4 m tall, with

greenish-yellow flowers. The roots are up to 8 cm thick and 91 cm long. The roots
contain from 20 to 32% of starch (Table 2.2). Tapioca, easily digested starchy

foodstuff extracted from the root of the cassava plant. The term “tapioca” is used to

designate products made from cassava like starch, dried chips etc (3).



Table 2.1 Cassava: Harvested area and production in 1998 — 2000 (1)

Country Harvested area (1,000 rais*) Production (1,000 tons)
1998 | 1999 | 2000 1998 1999 2000

World 10,175 | 104812 100619 | 158,620 169,026 | 172,737
Nigeria 16856 | 19200 19200 30409 |  32697| 32,697
Brazil 9913| 9391 | 7] 19809 20892 22960
Thailand | 6527 659 5591  16507| 19,049
Indonesia 7,531 48.50¢ 28| 16347| 16347
Congo 13,750 7000 1 6855 | 16500 | 16500 | 15959
Ghana 3,938 Ao | 7w 7em
India 1,531 | S 5 W 5,800 5,800
Tanzania 43 754 _‘_[;ﬁ 3 7,182 5,758
Uganda 21381 f284 L1 238814\ 228 3,300 4,966
Mozambique 6344 Boss i s 639 5353 4,643
Others 28316 | 29,5194 3¢ 34426 | 36603 36713
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Table 2.2 Typical composition of mature cassava roots (3)

Composition Percent
Moisture 69.8
Starch 22.0
Sugars 51
Protein ' : 1.1
Fats ‘ 0.4
Fiber 7 | — ] ]
Ash /| 0.5
7
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' Throughout the world, starch plays an important part in the preparation of
variety of food products. Comn starch is used in great quantities because of high
production and low cost. A pasting history of corn, sorghum and wheat starches with
tapioca added for comparison is shown in Figure 2.1. The three cereal starches exhibit
a medium paste viscosity and stable paste under heat and shear. During cooling the

paste age show a high set-back, forming a stiff gel. In comparison, tapioca starch

gives a high viscosity and a paste t :, i i/ ejand breaks down quickly unc}er heat
: . &aste is more tender than corn

ture and opaque, whereas

50°C : St d s0°C
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Figure 2.1 Pasting history of corn, sorghum and wheat starches with fapinea added for

g,ompan'.son.



Tapioca starch has been applied as the raw material in 6 main industries in
Thailand, which are paper industry, textile industry, food and beverage industry,
plywood industry, glue industry and alcohol industry. The tapioca starch will be used
in three stages of production process in paper industry; Beater Sizing or Wet-end,
Surface Sizing or Size-press and Surface Coating. In textile industry, the tapioca
starch has an important role in three stages of production of textiles; mixing, printing

and finishing. In addition, the tapioca starch is applied to increase its density, in order

he food and beverage industry.

plywood industry. The st epend on the quality of

glue. A total of 1,182,9 is fed to the plywood industry

annually. As for glue i when it is mixed with

water or certain chemica iod of times. Alcohol

destined for European maﬁfé, ab Ja armnd the United States of

America and the rest is in chips, meal and waste.
iy
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2.2 Starch
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Star&n is the major reserve polysaccharide of higher plants where it occurs in
storage organs such as seeds, tubers or roots and also in smaller quantities on stems
and leaves. It exists as water insoluble roughly spherical granules. whose shape, size

and size distribution are characteristic of the particular plant species.



2.2.1 Characteristics of Starch Granules

Starch is the only one universally produced in small individual packet called
granules. The size and shape of starch granules vary from plant to plant, each different
and recognizable as to plant source when examined under the microscope. Granules of

rice starch are polygonal in shape and mostly run about 3 to 8 Um in diameter. They

They average about 20 Um in to 35 Um in diameter.

Wheat starch has flat, roun 0 cluster in two size

Large starch granules tend to buﬁﬁh 7 viscosity, but the viscosity is delicate

) "'.-'"“ .

e

because the physical size Qithe granule ma.kes

such difference, the more o npact structur 2 2. e does not always
mean a significant d1fferenomn gelatinization. However, the ggatlmzatlon properties
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Starch 1s a polymeric carbohydrate consisting of anhydroglucose unit linked

together primarily through 0-D-(1—>4) glucosidic bonds. Starch is a heterogeneous
material consisting at the extremes of two major types of polymers: amylose and
amylopectin. It contains varied ratio of amylose and amylopectin in different plants,

resulting in different properties of plant starch (Table 2.3).



Table 2.3 Percent of amylose and amylopectin in reserve plant starch (8)

Starch Amylose (%) Amylopectin (%)
Rice 18.5 81.5
Waxy rice 0 100
Wheat 28 72
Barley 78
Waxy barley 100
Oat 73
Maize 12
Waxy maize - 09.2
Tapioca 83.3
Potato 80
Sweet potato 82.2
Smooth pea 65
Wrinkled pea 34
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Normal starches contain roughly 25% amylose. Mutant varieties of corn,

called high-amylose corn, produce starch with amylose contents ranging up to 85%,
although commercial varieties usually have a maximum of 65% amylose. As
expected, these starches are difficult to gelatinize soine réquiring temperatures in
excess of 100°C. At the other extreme, some starches consist only of amylopectin.

These are waxy corn, waxy barley and waxy rice, or glutinous rice. They usually

produce clear pastes, somewhat resle\ of root or tuber starches. With no

amylose to retrograde, these s B’p@i(&é

er in Nanhydrog]ucose units are
c}ndilts molecular size varies

1t“iQns employed in extracting the
\ B

l resu]t. the affinity of

the polymer for water 1s.51duced and the sol becomes opaqu}. This phenomgnon of

intermolecular FTcmtlon'tr Pbetween  amylosé+" molecules is commonly called

——tid N ‘VlEJWﬁ‘WEHﬂ'ﬁ
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units linked together as in amylose through ot-D-(1—>4) glucosidic bonds, periodic
branches at the carbon-6 position. These branches are linked to the 6 carbon by a-D-
(1—>6) glucosidic bonds (Figure 2.2). Each branch contains about 20 to 30
anhydroglucose units. The large size and branched nature of amylopectin reduce the

mobility of the polymers and interfere with any tendency for them to become oriented
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closely enough to permit significant levels of hydrogen bonding. As a result, aqueous

sols of amylopectin are characterized by clarity and stability as measured by resistance
to gelling on aging. Amylopectin sols do not form as strong and flexible films as .the

linear amylose.
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Figure 2.2 Partial structures of amylose and amylopectin
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The amylose and amylopectin fractions are oriented in the starch granule in
radial fashion. Wherever the linear segments of the amylopectin or amylose run
closely parallel, hydrogen bonding between adjacent segments may occur forming
micellar crystallites, which are responsible for the granule integrity and for imparting

birefringence properties.

2.2.3 Gelatinization Phenomena

Undamaged starch gr& d water, but can reversible

imbibe water and swell sli . er, as the témperature increases, the starch

molecules vibrate more bonds and allowing their

hydrogen bonding sites s penetration of water

f starch chains increase

and the increased separati a

randomness in the general ' 4 C and size of crystalline
regions. Continued heating i “"‘ * ! a ater results in a complete
loss of crystallinity as judged by loss+ — g d the nature of the X-ray
diffraction pattern. The pomt at “&m& 2 t disappears is regarded as the

——

gelatlnlzatlon polnt 0O r‘,,ﬂllIll'Mllllll_lillllllﬂ.ﬁlllll-_l-lk‘ll’Ill ‘ curs over a narrow
'

although this is not a un1ve§al pattern (Table 2. 4) Highly swollen granules can be

easily broken andﬁ %E}c{% Wﬂ%ﬁ:%ﬂﬂlﬂﬁla@e decrease in

paste viscosity.

QW'IMﬂ‘iEM UAIINYAY
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Table 2.4 Starch Granule Characteristics (9)

Source Diameter (}tm) Gelatinization
Range Mean temperature (°C)
Comn 21-96 15 61-72
White potato 15-100 33 . 62-68
Sweet potato 82-83
Tapioca 59-70
Wheat 53-64
Rice 65-73
Swelling and the su } asting of the granule are of great
technological importanée; ipme : ¢ | ily followed by using a

ing behavior of starches

from three genotypes of maize; ongﬂamél ize and amylomaize. As the
temperature of the water is mcrea§éd;& iles ell to impinge on each o}her, and
so increase the viscosg of the‘stal‘éh'rba'sie& cess continues until the “peak
viscosity” is reached{,r or-at-this-point-the-cohesive-fore the original granular

-

structure become excessively wea

integrity of the granules is bsb_Figure 3 showsét‘}at waxy maize starch swell rapidly to

s e i, A 5 YA vk s

break down rapid%lr on further cookinggy On coolingaowever there i&_yery little set-

o o Y D P 0 e

reach a much lower peak viscosity; the extent of break down of structure on prolonged

ture oﬂhe paste collapses as the

stirring at high temperatures is smaller, but the degree of set-back is large because of
aggregation of amyiose. In contrast, the amylomaize starch granules are little affected,

and no swelling at all is apparent on the amylograph (10).
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Figure 2.3 Typical pasting'be w%ﬁ_ gs from three genotypes of maize.

2.3 Modified Starches

¥

e

Modified starchesm'ver d ul ome @e or more of these

shortcomings and thus expzp%he usefulness starch for a myriad of industrial

applications. Thﬂsu B %%] 8»%% Wf%'}mtm) Technical

Committee 93 dlstxagulshes only between native starchgld modified stadsh the latter

o s ROV W S 3 IR e i

original physwal or chemical properties. The term “modified starch” thus includes:

.

pregelatinized starch, oxidized starch, thin boiling starch, dextrin dialdehyde starch,

starch ester and starch ether etc (11).
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2.3.1 Chemically Modified Starches

2.3.1.1 Acid Conversions or Acid-Modified Starch

Acid hydrolysis below the gelatinization temperature takes place in amorphous
region's of the granules leaving the crystalline regions relatively intact. Some

properties of acid-treated starches, relative to this parent starches, include decreased

hot-paste viscosity, decrease intrinsic vi /ase gel strength and increased

&ch is produced by reacting a
vith m o ol at 2550 C.

may vary from 6 to 24

gelatinization temperature. Comn

40% slurry of com or waﬂh’_‘ h

Time of treatment is det

hr. The mixture is ne hydroxide, and the

sed in the manufacture

of gum candies and confe€ti cau | form hot, concentrated

Hydroxyethylstardlj ethe; 1tutﬁn (DS) 0.05-0.10 have

been produced by reacting sprﬂ with ethylene ide at 50°C. Wet-milled but undried

starch is used foﬂy%xgh@ w Ejnw % w &Jeg's]lﬂiﬁable and can be

produced economlgglly in a fairly pure form. The 1ntrc‘)&1ctlon of hydroapthyl groups
oo DR G AR |
reduced gelatmlzatlon temperature, increased rate of granule swelling and lowered
tendency of starch pastes to gel and retrograde. Other hydroxyalkylstarches use as

food additives in salad dressings, pie fillings and other food-thickening applications.
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2.3.1.3 Starch Phosphate Monoesters

Starch phosphate monoesters may be prepared by reacting a dry mixture of
starch and acid salts of ortho-, pyro- or tripolyphosphate at ‘elevated temperature.
Typical reaction conditions involve heating for 1 hr at 50-60°C. The degree of
substitution obtained is generally less than O.25, but higher DS derivatives can be

prepared by elevating the temperature\m yxcentratxon of phosphate salt and by

extending the reactxon time. Com t starches, the monophosphate

esters have a lower gelatnmzm-!emperg.\re in cold water at 0.07 and

tar M exhibit increased paste

=

viscosity and clarity and -ase.serb: N:taxch monophosphates
are useful in frozen foods beghu their exe t reeze-thaw stability. They are

Cross-linking mfi be prodﬁcéd-by ? 1 ﬁ in aqueous suspension with
phosphorylchloride, bS{‘ feactingdrystarch—v Ath-trimetaphosphate or by reacting a
starch slurry with 2% trinﬁaph' bhate aﬁ0°c. The most notable
change effected by phosph@e‘,‘_iross-linking is @increase in stability of the swollen

granule, Depenﬂg% the @%&%@tfw fhe ﬂtﬂsﬁviscosity may be

greater or less thagl that of the parent starch. More A'.ghly cross-linksg starches are

vy P R BRI G . 10

starch is sufﬁc1ently cross-linked, swelling can be inhibited, even in boxlmg water.

Cross-linked starch is used mainly in baby foods, salad dressings, fruit pie filling and

cream-style corn, in which it functions principally as a thickener and stabilizer.
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2.3.1.5 Acetylated Starch

Low-DS starch acetates are produced by treatment of granular starch with
acetic acid or preferably acetic anhydride, either alone or in the presence of a catalyst,
such as acetic acid or an aqueous alkaline solution. A common commercial product is
made by exposing starch to acetic anhydride at pH 7-11 and 25°C to give DS 0.5.

Low-DS starch acetates have low gelz temperature and good resistance to

retrogradation after pasting and cooling 4 m foods because of the clarity
and stability of their past onshclmmt pies and gravies, baked
goods, instant puddings, pie S er DS products exhibit a
decreased ability to form g N .

'a s ol
[

2.4.1 Reaction ﬂechanism"' ”" f’
1

Chemical modificati properties of starch for food or

nonfood uses. Reaction of starch with propylenesoxide to form the hydroxypropylated

stach dervaivd} vl rimab o e Foaindes) Th oo improve

the cold-storage s?jblhty clanty and tektural properties of the starch gaste. Besides

e g ik ] 3 ) b iked v fbphorns

oxychlonde or epichlorohydrin to improve cooked paste viscosity stability.



Table 2.5 Properties of Various Corn Starches (9)

18

Type Amylose/amylopectin Gelatinization Distinguishing
" temperature range propertics
()]
Normal 1:3 62-72 Poor freeze-thaw
stability
Waxy Minimal
retrogradation
High amylose Granules less
birefringence than
normal starches
Acid-modified Decreased hot-paste
viscosity compared
b N with unmodified
Hydroxycthylated ariable *J;"‘ 88 1‘ 04) | Incrcased paste
P -
: S clarity, reduced
retrogradation
Phosphate, || Reduced
monoesters gelatinization
temperature, reduced
L P a/ retrogradation
Cross-linked Vari W@ucﬁp&k
Y ' ¢ unmﬂ'ﬁed viscosﬂg, increased
- WIANN U Ut ety
| of cross-linking
Acetylated Variable 55-65 Good paste clarity and

stability
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The mechanism for the basc—catalyzedreac@ion of propylene oxide with starch is
considered to be substitutive nucleophilic bimolecular or S 2 type (Eq.1). The reactive
nature of propylene oxide is due to its highly strained three-membered epoxide ring.
Bond angles in the ring average 60° resulting in a very unstable (reactive) molecule.
Reaction kinetic is second order and dependent on concentration of the reactants.

Steric factors, however, direct the reactivity to the less hindered or primary carbon of

~ propyﬁle oxide to be used.

Reaction temperatures are oe(qﬂ]y in the 37 1040°C ranges. At temperatures below

37, sions e Al bt ol o onpsin e

starch granules unless high levels of salt are used is a concern.

ARI1ANN I 1H1INYA Y
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CH,OH | N CH,OH
H O_ H 0 NaOH H A O_ H
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Scheme 2.1 The generally accepted mechanism for the reaction of propylene oxide

and starch under alkaline conditions.
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Propylene oxide levels generally range from 5 to 10% based on the dry weight of '
the starch. Most of the propylene oxide reacted starches are intended for food use and
must conform to Food and Drug Administration (FDA) guidelines for chemical
modification. Propylene oxide-starch reactions take approximately 24 hrs to complete

under the conditions described.

2.4.2.2 Nonaqueous Reactions

2.4.2.2.1 Dry Reaction
=1
So-called “dry” r&{ '

very ineffectively. Co

ide require a limited
the reaction proceeds

a heated, pressure-type

mixer or reactor with goo added to the starch and

thoroughly mixed in. The th nitrogen and propylene

oxide is introduced as a gas at a reaction te eraf 85°C and pressure at 45 psi.

When the desired amou:lx&of propylet has'been introduced, reaction pressure is

o J eaction can also be

catalyzed with a salt suchg sodiu D ospﬁte. Starch wet cake or

slurry is salted and dried. Salt,content is 1 t032% based on dry substance starch.

Reston i sl s bt ) Ao

oxide reaction, the reactor is purged with'nitrogen and,starch pH is adjusted with dry

i) WAAINI T NANINYTRNY
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2.4.2.2.2 Organic Liquid Slurry Reaction

The starch is slurried in the desired organic medium and catalyst and reactant
are added. The advantage of this procedure over the aqueous slurry or dry reaction
technique is that high levels of substitution can be achieved in a short time at high
temperatures and in a continuous manner if desired. The product is recovered by

filtration or centrifuging and can be w to remove by-products. The main

disadvantage to this system is recoye i of the organic liquid. Organic
liquids like methanol, ethanol and-isof arécommercial interest.

The DS indicates#fhe ‘numbe f sites per anhydroglucose unit on
which there are substit yydroxyl on each of the
anhydroglucose units in a st droxypropyl groups, the

DS is 1. If all three hydroxyls ‘are é&; s 3. Most of the commercially

- . I ) .
available modified starches have dow DS s alues.rz g up to about DS 0.1, which

would represent on average-i-s ient-group-per-every-+o-anttydroglucose units.
»"f& ,‘L‘

y 1

The formula for calcg}a}gg the DS of a wCh derivative will vary depending

i (ke molecuﬂ %gﬂ Q ﬂcgnwsfw B@tﬁﬁmup; fiius, for

hydroxypropylated g@arch,

ARIANTU NN INY I
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DS = 162W

100M-(M-1)W

Where W = The percentage by weight of substituent.
M = The molecular weight of monomeric units of the

polymeric substitutent.

162 = Molec

1 @oxypropyl ether groups in

group is hydrolyzed with st _v ig spl id. The propylene glycol formed is

elght of anhydroglucose unit

For the spectrophotom

hydroxypropylated starch ek

dehydrogenated with these®ac s § " chy de and the enol form of allyl alcohol,
which products give'ap le colog'with finhydrin. | This ninhydrin color reaction is

specific for propionaldehydgfand dge: vith other compounds which may be
substances.

In proton NM 'J‘ y_un.l-bla.\:'_— v_xﬂ-u_xunl:m-IW( 1. ', lower levels of

substitution, hydroxyprop)ﬂu

1n®'na1 standard of acetic
acid is compared with the rﬁsonance of the hydroxypropyl terminal methyl group.

Precision and accﬂ%ﬁ% Pﬁ E}i%ﬁsn(wcﬂwq ﬂn e intensity of

very weak spectral IiHes.

ARIAINITUNRIINYINY

Anotlter indirect method of special interest for in-proccss control is the starch
“pasting temperature drop”. As the starch undergoes hydroxypropyl substitution, the
pasting temperature decreases. - The magnitude of this decreééé. is correlated to
substitution by one of the direct analytical methods. The Brabender Viscoamylograph

is a convenient instrument to use for determining pasting temperature decrease.
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2.4.4 Brabender Viscoamylograph

The Brabender Viscoamylograph is a viscometer designed to permit a
continuous measurement of the viscosity of a starch water mix during cooking and, if
desired, during cooling. A suspension of starch in water is heated in a revolving cup
driven at a constant speed. The starch slurries were heated rapidly to 50°C, then at a

rate of 1.5°C/min to 95°C. They held at th erature for 30 min and then cooled to

ization of starch pastes.

a. Pasting Temperatuge. + e ,' ation of paste formation; varies with

_ n the slurry.

b. Peak Viscosity.# Ciged cive of the femperature at which the peak is
attained. Genera must pr | through this stage to obtain a
usable paste.

c. Viscosity at 95° 2, starch.

- -
d. Viscosity after30 min sfahility or lack thereof,

during cookingmlder relatively low shear. m

e. Viscosity at 50°Cf <Measures the setback that occurs on cooling the hot

e P UE INBNIWEINS

Y

o o1 R i) (1

)
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- 2.4.5 Uses

Hydroxypropylated starches are importance in food applications where they
provide viscosity stability in the food thickener and insure water holding under low
temperature storage conditions. These starches may be used in granular form or as

pregelatinized, cold-water-soluble products. They may be used in conjuxllction'with

milk systems to be retorted and with
xanthan gum in salad dressing. They %rs in gravies, sauces, fruit pie
ﬁmpa} a Q, clear and non-granular

other thickeners, for example, with carrage

fillings and puddings where

texture that will hold up unde tures, including freezing and

also impart no taste. Hydr .a good starch for frozen

pudding. Hydrolysis of hydr viscosity, bland-tasting,
low bulk-density maltodext ropylated starches with

specific levels and -types” of nates as “Food Starch —

Modified” under the F.D.A. reg

2.5 Literature

kI’gsviews

Johnson (12) studmi spectrophotometric eterminatia of the hydroxypropyl
group in starch et ﬁiﬁﬁ)ﬂv 1 ﬁy rdlysis ﬁ(:he h drﬁfpropyl group to
propylene glycol, whi m'ss de )ﬂt dr!to )q :llyﬂ the enolic form

of allyl a hﬁ);ie pﬁjﬁs asu e%pﬁtﬁhﬁnitlﬂcallﬁmer they are
reacted with ninhyd .a f p 37] : f]‘ El

Pal, et al. (13) studied the conditions for the preparation of hydroxypropyl
derivatives of corn and small sized (1-2 |im) waxy amaranth starch. The synthesis was

followed in terms of molar substitution (MS). The parameters optimized included

propylene oxide concentration, reaction time, starch : water ratio and the quantity of
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alkali required in the process. The two starches differed considerably, and were unique
in their own respect. The optimization conditions of one starch type cannot be

extended to another.

Liu, et al. (14) investigated the physical properties and enzymatic digestibility
of hydroxypropylated starches. The high amylose, waxy and normal maize starches

r h, hydroxypropylation decreased the
/ se in both the peak and cool

ad J;ttle

were studied. For normal and high amylo

temperature at peak viscosity and
paste viscosities. Hydroxyp@n

waxy starch. All the hydro

the pasting properties of

elatinization parameters
than their unmodified and con OXY Pro ation increased swelling
power and solubility. After Hylation;: IC d adhesiveness of all
the starch gels decrease . ' P ; larity and enzymatic

digestibility of all starches

of hydroxypropylated potato

starch. Unmodified and Sodlﬁed(fﬂéréXYp  potato starch were fractionated

! :
mn to obtamn amylose and amyiopect actions. The molar

substitution (MS) of m@iﬁé whole starcl : temﬂ;ed to be 0.099, of

amylopectin, 0.096, and of al;;ry se 0.113. The tion and distribution of modifying

A 1111 THE (LT -

using  various combmatlons of igoamylase, -amylase a@llase and

sy VE\eF 3133 REA R o

amyiopectin and amylose digcsts by size-exclusion chromatography. It was confirmed

on a size-exclusion col

that amylose was modified to a greater extent than amylopectin, and that further
modification of amylopectin occurred close to branch points, probably because
amorphous regions are more accessible to the modifying reagent. It was also evident

that amylose, likewise, was not uniformly modified.
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Pal, et al. (16) investigated the pasting properties of hydroxypropyl derivative
prepared from corn starch and waxy Amaranths paniculatas starch. The properties
studied were swelling power, Brabender characteristics, paste clarity and freeze-thaw
stability. A remarkable improvement in freeze-thaw stability of both starches was the

most significant finding of this work.

and citrate salts on derivatization of

/)f com starch. Common corn

starch was modified in sodiume olut n assxum citrate solution. It

“'I'Eﬂu-ude was needed to get a

same molar substitution 1 ' used.. roxypropylated starches

Shi, et al. (17) studied effect of s

amylose and amylopectin during

was found that about 1.8 ti

were fractionated on a si

and MS values of the whol

In all preparations, amylos was amylopectin. The

data indicate that, with co e overall derivatization,

were essentially the same.ﬂ i m

' ‘o .Y |

Richardsorﬂeulﬂ 1’83 %qe%}% ﬁeWsH&t})f]oﬁsubstituents in
hydroxypropylated B‘Atato amylopectin starch (amylose Aeﬂcient) modiﬁss in a slurry
of granulaaaw @Paha) ﬁ i@ w s%t’i-o]lfog %Maa &}’PAPS).
The molar s%bstitution was determined by three different methods; proton nuclear
magnetic resonance (fH-NMR) spectroscopy, gas-liquid chromatography (GLC) with
mass spectrometry, and a colourimétric method. The MS values obtained by '"H-NMR
spectroscopy were higher than those obtained by GLC-mass spectrometry analysis and

colourimetry. The relative ratio of 2-, 3- and 6-substitution, as well as un-, mono- and
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disubstitution in the anhydroglucose unit (AGU) were determined by GLC-mass
spectrometry analysis. Results obtained showed no significant difference in molar
distribution of hydroxypropyl groups in the AGU between the two derivatives. For
analysis of the distribution pattern along the polymer chain, the starch derivatives were
hydrolyzed by enzymes with different selectivities. Debranching of the polymers
indicated that more substituents were located in close vicinity to branching points in

HPPAPg than in HPPAPs. Simultaneou ylase and amyloglucosidase hydrolysis

of HPPAPg liberated more unsubs i han the hydrolysis of HPPAPs,

indicating a more heterogene txonpf s in HPPAPg

Graaf, et al. (1/ 3& '\WMR wmefhodl oo fhe

roxypropylated starches

N
for MS ranging from 0.09%to 0. s Wer \ Johnson method and
starch, respectively.

Hydroxypropylated starch was p ducgmwfﬁ ic mixer reactor (SMX type)

d starch was produced using a

".J b

counter-rotating twin sc:ﬁw extruJef "’éuan‘tl at; is results of the '"H-NMR

or all sample tested.

: - .
rable %e saving as compared

Main advantage of the lH_JBMR
to the traditional analysis methods

ﬂ‘lJEJ'W]EJ‘iﬂ‘ﬁW?:J’]ﬂ‘ﬁ

Bae, et al (20) investigated physical propexties of extruded, strands of
hymyp@yma@amg iroselcdf stt] Mot (5atylose) and
high- amylose (70% amylose) corn starches (CS and HA) were hydroxypropylated to
0.1 degree of molar substitution with propylene oxide in an alkaline-ethanol medium
(70% ethanol). CS and hydroxypropylated cofn starch (HPCS) were mixed on dry
starch weight with water and glycérbl, and HA and hydroxypropylated high amylose

corn starch (HPHA) were mixed. Stearic acid, glycerol monostearate, or lecithin (3%
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based on starch) was added to each mi;ctﬁre to examine the effects on the physical
properties of the extrudate. HA, alone and with all additives, showed lower die
swelling in extrusion than did CS, whereas HPCS and HPHA showed higher die
swelling than the corresponding unmodified starches. Water absorption of all HA

extrudates was lower than those of all CS.

Wang (21) studied the process pr p ing a hydroxyalkyl starch. A

i
hydroxyalkylating agent treats the starch ¥ u e under conditions to increase

the susceptibility of the starch @alk‘aﬁo&me starch is so treated, the
= m

starch is hydroxyalkylated »*The hydroxyalkylation

reaction can proceed to pro than about 0.2, while

still remaining in granul e method provides a

granular starch having a le via a reaction in

aqueous media.

Eastman (22) investi ate&:;@ fig ftemperatures of starch ethers.
Hydroxypropylation of granular star"eﬁ"ﬁlt-’é': id medium omprising a lower alkanol

, ;‘ provides a novel
improved hydroxypropyl ﬁgti ] vingﬁ pasting temperature

reduced from that of the granylac starch before h oxypropyl substitution by at least

6:5°C forcch l%ﬂu@f'@amw ‘@ s 17173
i GHNT AU HIAGE e

derivatives. An improved method for producing granular, cold-water dispersible
hydroxypropylated starch comprises reacting a granular starch base with propylene
oxide in the presence of sodium acetate or another water-soluble salt of a selected

carboxylic acid. The resulting starch product, wh1ch upon purification is free of toxic
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by-products and has no perceptible off-taste, finds use as a thickener in food as well as
in non-food applications. |
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