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‘i 1. This paper briefly reviews the prensent statue of mowledge in the area of

g rice staroh and rioe starch derivaties. The oharaoterios, properties, uses,

and methoda of preparation are desoribed. Several problems in marketing and
production are discussed and possible solutions suggested.

i 2. The characteristics of rice starch are desoribed, disoriminating detween

Common and waxy varieties. The characteristios defining the quality of a
' partioular rice starch or rice staroh darivative depend on the partioculare use
to be made of them in the paper, textile, adhesive, food or other industiries.

They are therefore varied, and are deseribed vhen dealing with the &ifferemt
uses of rice starch and rice starch derivatives. '

3¢ A few of the characteristion of rice starch are highly peculiar but
othars are entirely comparable to those of other starches, All of thews
are analysed in order to estadlish a scientific avd technical basis for
comparing the competitive position of rice starch in each particular starch

1/ The views and opinions expressed in this paper are those of the awthor and
do not necessarily reflect the views of the secretarist of UNTDO. This
dooument his been reproduced without formal oditing.
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market, It ocan be said that rice starch ig, in most of its properties,
very similar to that of corn and sorghum. This holds for both, the common
and the waxy varieties.

e Starches ~o‘t"vdi£for‘ex~14t‘ origin provide a wide variety of choioce for
individual applications, but ttey are ingufficient t» cover the very many
end specific needs of modern technology., Consequently, the starch industry
hag developed procedures to alter the characteristics of the natural
sturches to meet the requirements for speciui uses. The derivatives of
&reatest importance in the murket are the cationic starches hydroxyethyl
starches, oxidized starch, and various orogs-linked starches. The cost
advantage held by corn starch has dominated the market, and besides this
only a few starches of other sources, such ¢s potato or sorghum, have been
used for derivatization proceses. Rice gtarch derivatives, with perhaps
Some mdnor exception, are not menufactured on an industrial scale although
procedures for their preparztion have been patented. The information on

this subject is scanty. Nevertheless, as it could be expeoted, the available
dats do not reveal u partioular behaviour of rice starch in derivatization
processes, On the other hand, the general properties of rice starch
derivatives do not appear to be ¢« mentially differcnt from those of other
comparable sturches which certainly have a great diversity of industrial

applications and an importent market.

5. The uses of rice starch and rice starch derivaiives are desoribed,
Paying special attention to the important seotomsof paper, textiles, and
foods. The requirements for each partioular use of rice starch and rice
starch derivatives are described briefly. Partiocular attention is paid
o waxy rice starch as thickening agent for food uses. Its freese-thaw
stability make it specially suitahle fop refrigerated and frosen foods.
Only some starch derivatives are comparable to it in this respect. This
is an interesting advantage as thp price of starclh derivatives Tanges
generally about twice that of the raw original starch.
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6. TFrom the viewpoint of properties, applications, manufacture and
suitability for derivatiza.ion, rice starch bas commeroial possibilities
similar to those of corn starch. The mandatory factor determining the
competitive position of rice starch and rice starch derivatives in the
mariket is t"e price of the rice s* roh. This is abo: t twice the prioe
of oorn starch. It ips largely, if not mainly, due 1o the price of the
original cereal; rice is much more expensive thau sorn. It appears
therefore tbat rice staroh has no possidbilities t¢ rumpete with oorm op
other starches if the price of rice does not decline substantially. 4
more oonploto and retionalised utilization of the rice érain, with higher
Te. ms in the rice and rice starch prooessing plante is also needed; in

this senee, rioce offersurcue advantages over other oereals, which are
disoussed below.

T. The manufacture of rice starch and rioe starch derivativee ia
briefly disoussed. Commeroial methods for the isolation of etarch invclve
the following steps: a) steeping, b) grinding, o) removal of fiber, d)
esparation of staroh and proiein, and d) drying. Usual conditions ares
stesping in aqueous alkaline solution (0.3-0.5 § NaOH) , at dooa
temperature, with reciroculation, for about 24 hrs. or longer (one process
uses only two hours), wet milling, removal of fiber by sieve bends or
oentrifugati n, separation of starc . and protein by centrifugals and/er

- hydroeyclones and drying by conventional methods (the use of a fash drier
bas some sdvantages). Reference to the treatment of wnste weter im the
rice starch plant is made.

8. The latest methods for the manufaoture of the main rioe stared
derivatives ‘are reviewed. The exieting information e scarce and it
geerelly must be obtained from tho patent literature. Prior to
ostadblighing a plant for the commercial produotion of rice starch
derivatives, studiee should be undertaken on a pilot plant scale directed
to determine the partioular conditions of treatment andthe suitability
on the different rice varieties.




9. The succesful developmant of improved rice varieties has opened a

new area of problems. Although at present the Asian region as & whéle

bas not reached the degired situstion, in some regions the expanding
output has oreated surniuscs. This nituation m.y be s common one in the
next future. An importunt altornat:. ® to the sclution of the prodblem,

1f surplus becomes actual ly generaliased, s o oxcand the domestic and
oxport market for rice. In this conne:tion, improvement of equipment

ud technology is a necessary stey. In this context, it is very likely
that a ohange in quality atandards of both the locul and export market
will oocour. The demand for bhigh quality rioce ig expected to increase;

that of rice for specifioc uges algo, Consequently, new and more profitable
alternatives are expected to be needed to expand the market for rice, '
particularly for medium and low Guality rice. Rice starch pProcessing
industry oan have an important role in thig Tespect. There are, bowever,

several auspects to be taken into consideration, besideg the price of the

rice, commented u.bovo‘. #irst, suffioient quantities of rice have to be ‘

produced ‘to meet thé 'dome-tic food neeas. Second, the nutritional value ,

of rice must be used to feed rice=eating pannle adequately. Not only

enough quantity but also €00d quality rice are needed in the diet to

solve scarcity and malnutrition, Indugtry ProcessiLg of rice to beneficiate
staroh does not allow to recover the nutrients of the kernel, in their

whole value, for human food. Thie 4  regrettable when well balanced

rations are needed. On the other bund, these nutrients, along with stuer

acoompanying non-starch oonstituents, are largely responsible for the
diffioulties arising during the staroh isolation process.

10, Rooa:';knowiodgo on the distribution of chemicai constituents wi thin
the rice kerhel 'hu shown new approaches for the utilisation of the érain,
The browm riowo"kornol my be fraotionated by abresive mdlling in three
portions of :qt'dto different composition, The Outermoat ono,’ as it 15 woll
known, 1s rich in proteins and vitaming, but 180 in fiber and unstesis
fate, Its value as oattle feed is recognised, pnrtioulu-ly'attu' adequate




#stabiligation., The underlying fraction is rich in proteins and vitamins
but more stabie than the previoug one; its fiver content also 18 much
lower, It ig a highly nutritiona] focd, particularly suitable for children,
and it should not be wuated, particularly in developing countries where
rice is the stapple food, Finally *he third fracbkion or residual nucleus
is practically staple upnq “dilkaing valy avoui § pPer cunt protein; itg
fiber, fat, and ash contents ure generally lower than (.l per cent. This
latter fruction certainly is an excellent starting material for the
commercial isolation of rioe starch, a plant for the integral utilization
of rice based on theas orinciples 1s suggested. The advantages it involves
and the many possible rice products to be Obtained, besides rice starch
and rioce starch derivutives, are described. The simplified flow diagrams

indicating the equipment they are compoged of.

11.  The profitability of the plant for integral utilization of rice is
discussed. It i g bighly dependent on the raw material price. Therefore,
when &sses88ing the economiog of the plant, two different alternatives

&re considered. In the firat one (Alternative A) the price of rioe is the
Present price. In the second one (Alternative B) tbe price of rice is the
maximum price allowing ocompetitive prices of all the manufactured productas.
A sumiary economio statoment, givi: 7 investnent, Ope~ating costs, revenue
and profite is presented tor plants with capacities of 25,000 and 50 .000
tone paddy/year.

12,  The suggested plant for integral utilization of rioe appears to be
sotually feasidle, However, a Pre-investment study, inoluding pilot plant

work and marketing, is necessary to evaluate Gocurately the faotors
influencing the économios of the plant and appropriately select the
optimum operating temmg,
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1. QUALITY DKFINITION GF RICR STARCH AMD RICE ST4RCH DSRIVATIVES.

1. Rice starch is obtained from the seed of "Oryza sativa" ss a 4ry,
white, lustrous, free flowing powder. It is ocomposed of polygomal inm
shape, usually 5=sided, granules with a centric hilum. Naturally
seeurrTing scmpound grains are sometines detected, they have an angular
outline and oontaia individusl graaules separated by stromsa. In addition,
riee staroh gramules aggregated into olusters ars frequensly found in
sommereially available samples, generally due to inappropriate prooessing.
Causes of aggragation are surface gelatinization of granules during the .
dryiag process oF alkaline gelatin:zation during the steeping and
separating stages. The presence of olumps say impair the preperties of
stared for spesifioc uses ~guok as & dry dusting powder. Clumps may give
B ~ hemogeneus pastes. In some cases, agsociation of pmuloq may de
asoepted, although as an indication of a desirable incipient
golatinisation,

2. Biee varieties are divided into two main classest ordinary or common
( the rices of world cemmerce ) and waxy. The starchies they contain differ
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markedly in their oomposition, properties and uses, and they are dealt
with separately from this time forth.

3. (ommon rics starch. Rice starch ganules bave the smallest sise of
ordinary starches. Their particle size distribdution comprises a continuous
range of sizes from less than 0.5} to 13 4 (1). Starch samples of Indioa
and Japonica mon ~ waxy rice varieties bave been found to have somewhat
different average sises, they ranging from 3.9 to 5.7 and from 3.8 to
4.3 A ., Tespeotively (2) « Rice starch granules have the higheat surface
ares of common starochee ( about £,000 on?/g.), and their specific gravity
ranges from 1.4435 to 1.646 (3).

. 4. 'The pil of oomsercial rice etarch frequently is slightly alkaline
due to unoomplete removal of the -t:opinc liquor. As reported by Schooh

(4), it 1s not objeotionable for most of its uses. In the starching of
fabrice, an slkaline p is dssirable as it favours dispersion of starch

granules in water and decreases the tendency of otarch to settle. In

cosmetics, wvhen rice starch is used as & face powder, the low alkalinity
say help to countersat. the soidity of skin. However, in some cases, such
! as ensymio copversion of starch, alkalinitiy should be neutralised.

5. Rioce starch granules ( non-waxy ) show moderately restricted
swelling and solubility when heated in water, Reported values are,
seapeotively, 16,3 and 21.6 § at 85¢C (5) and 19.0 and 18,0 % at 92¢0

(6). The gelatinisation and pasting characterietios of rice starch are
dependent upon rice variety. The gelatinisation temperature renges from
550 0 780C (3). Due to the low birefringsnce of ths rice starch grazules,
use of ths B.B.P.T. ( birefringence emd point temperature ) technique is

not always reliable for this purpoee. The amylogram reveals a moderate
peak viscosity, s moderate stability om ococking, and a pronounced tendemcy
40 retrograde for the nom - waxy rice staroh (4)« (see Pig. 1) ,which
forms tendex opague gels.




6. Amylose content of rice starch varies greatly with variety, usual
ranges being 11-37 & for the non-wuxy iype, although wider limits have
been reported (3). Corressonding iodine binding capacities are 2.08-6.99 %.

7. Rioe mtarch, as other starches in commerce, contains water and
minor amounte of non-starch constituents. The water content is dependent
upon the tempereture and relative moisture of surrounding atmosphere.
Sohierbaum (7) determined the hygroscopic equilibria of rice atarch at
200C for aifferent relative humidity levels; obtained data for adsorption
and desorption cycles are shown in Table I. The non-starch constituents
of obm&éiul rice starch, frequently called "ocontaminants’, are protein,
pineral matter, fiber and fat. The level of "oontaminants” is dependent
on the efficisncy of the starch isolation process. In commercial practice,
the maximum contaminant levels use to be abouts 0.5 4 protein, 0.1 % fat,
0.5 % ash, and traces of raw fiber. The range of varistion of values
reported in the literature including laboratory and oommercial starch

‘ are given in Table II. |

8. Protein content is used in praotice as a oriteria of purity of staroh)
it indioates the extent to which the individual granules have been
separated from the proteinaceus mairiz. High protein levels may affect

the properties of starch, such as increase the turbididy of its pasten.
Fat content also depends greatly upon the isolation procedure; rice germ
and rice bran are riobh in fat snd osn sasily contaminate starch. At the
relatively low moisture level of dry starch, high fat contents develop
undesirable flavors. Differences in fat oontent have also been attributed
to the mature of starch, on the bawis of the results found in samples
from Japonica and Indies varieties, the fat content of whioch ranged

from 0.4 t0 0.8 § in the former and from 0.1 to 0.3 € in the latter (8).
The smount of ash is of lesser importance as & guide %o quality.

. ‘9. . Other characteristics of common rice starch are desoribed :ln.dhutw 2.




10. ¥axy rice gtarch, It contains preoctiocally only amylepectin. Amylose
‘oontenis ranging from O to lese than 1 % are gendrally foumd, although
higher figures have been reporied (1), Differences between the waxy and
the non-waxy starches are largely, if not mainly, due to the amylopectin

oontent. The granules of the two ki-ds of staroches sre alike in sise,
sbape, total surface ares, and speciric gravity (3) and show the same
birefringsnoe and X-ray diagrem (9). Staroh granules from waxy rioce
swell more freely in hot water than non-waxys sccording to Leach (6)
their swelling power and solubility at 959C are 56 and 13 %. Their
gelatinization tesperature range is €00-75.59C (3) somewhat narrower than
that of common rice staroh, although of similar level. Their pasting
oharacteristios are, however, markedly different. Waxy rice staroh
~ exbibitw through the amylogram, bhigh paating peak, extensive loss of
visoosity during oooking, and very little tendency to retrograde
(see Pig. 2). It forms clear pasies, stringy and oohesive, as typical in

other amylopsctin etarches. Ite moet outstanding obaractexristics is,
uhdoubtodly, the great stability of its pastes itoward prolonged cold
storage and toward freszing and thawing. 3chooh (4) rsported that

aquecus 5 % pzstes of waxy rice starch show no synerisis until after

20 freese-thaw cyclss, whereas other waxy starches such as maise and
| sorghum are stable for only three. This property mekes waxy rice starch

specially use®ul in the food indust 7 (see Chapter 4).

11. Rige staroh derivatives. Natural rice starch, as etarches of other sourcss,

By be prooessed into a series of derivativss exhibiting a great diversity
of ohmotori-tiou, with whioh a wide variety of industrial and food

? uses oan bl oovered. A starch derivative is defined as "a chemically
podified starch in which the chemioai struoture of some of the $lucess

| units has besn altered” (21). This definition imcludes utu'i, ethers,

oxidised starches, graft-copolymers and oross-linked starches. It does
not ocuprise the acid-modified starchbes, which represmnt “per se® a field
of great interest. Rice starch derivatives sre oharsoterizmed by the




nature of their chemical modification, degree of modification, degree of
polymerization and physicul form—-granular or pregelatinized. Neveirtheless,
the properties and specific applications of rice starch derivatives are
not dependent only upon these charar teristics. 3ince ~ice gtarch is a
natural pdlymer, it is subjectea to varietal and production veriations,
which may affect the results of derivatization, Therefore rice starch
derivatives are better characterized if their solubility, water absorption
properties, behaviour on cooking and on subsequent cooling, and api:urunoo

and texture of pastes are properly described.

12. On the other hand, the oharacteristics defining the quality of a
particular rice starch or rice starch derivativae depend on the particular

use to be made of it in the paper, textils, adhesive or food industries.

Due to it, these quality requirements for rice starches will be better
described in Chapter 4.

13. Natural staroches differ quite appreciably in their characteristics
and propertic ) and have consequentl, various advantag s for individual
applications. However, starohes from different origins are used
indigoriminately not only when their individuai characteristics are
identical dut also when, these being somewhat different, the mdﬂtory
properties determining their uses result to be equivalent.

14. Rice starch has some highly peouliar characteristios. But it has
some octhers whiob are entirely comparable to other starohes. It is

| convenient %o analyse all of them, in order to establish a scientific
and technical basis for ocomparing the competitive position of rice
staroh in each particular starch market. Beoause of the noticeable
differences between common and waxy staroches, it is advisabdle to do the
present comparative study diseriminating both groups.




Common gtarches. As mentioned above, rice etarch has the smallest
granules of any of the common commercial starches (Table III). Out of ~
thess corn and sorghum are the more alike in sice to it. There are,
however, gre~t differences in iuse inval surface area among the three
starohey, as iudivated by a Tougd iwiio of 2.5slil. These differences
‘are of importance in relation to msome industrial spplications (ese
Ohapter 4). Differences in spocific gravity are small, corn granules |
‘being the mogt heavy of the thres starches and sorghum granules the
leaet. As shown by the data given in Table III, ocommeroial starches
differ in their watexr vapor sorptive capacity. The differences among
the oersal starches are small, rice, corn and wheat haviag the lowest
sorptive oapacities (at 92 § relstive humidity).

16. The gelatinisation temperature of rice starch is high as ogmpared
with other oommon commercial starches (Table IV). Only that of sorgnm
is comparable. That of éo:m is somevhat lower. The gelatinisation
temperature range of rice starch also is ladger than that of ocorn or

- sorgium, undoudbtedly becauss rice starch is markedly afeoted by variety
whereas 0coxn and sorghum are not. The heat of gelatinisation ‘of starch

in water inoreases in the order of inoreasing granule ‘sise and decreasing
phtiaiuuc-i temperature (11). Cc sequently rice stareh has a low

value (5.7 oal./glucose unit (3)) as compared with othexr stsrches: Onee
poTe naise and sorghum are more similar to it than other cosmon starches.

17. Vhen an aqueous puspension of staroh is heated to progressively
bigher temparatures, the granules isbide water, swell and liberate a
oertain amount of solids. Each species of starch granules behaves
sonevhat differently. Rice starch swells ~r§thu' slowly; the outline of
its prenules remaing relatively visidble apd distinot even whem ocoked

to high temperatures. Its swelling pattern ie shown in Fig. 3 as compared
with otlier common starches. It oan be ssen $hat corn and sorghus exhibit
patterns entirely similar to that of rice, while other sterches ~ the.
tuber starches ~ behave quite differsntly, swelling very mich freely.
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The amount of solids passing tc the cooking water increzses proportionally
4o ithe inereane ‘in volume; rice, corn and sorshum show bYgain similar values
(Pig. 4).

18.  The behaviour BT starch durii pasting, oooking and cooling is of
the greatest interest as it gmerally deterwines in a major part the
uses of etarch. Typical amylograms of rice and other common starches

are given in Fig. 1. It oun easily be obgerved that, with only minor
exceptiions, rice, corn éhd sorghum starches exhibis fairly similar
bebavicur. The peak viscosity irrespective of the temperature at whioch
the pasting peak is attained, ia moderate and practically the same for
“tife shBoe starches. The same happens with the ease of cooking, as
indioated by the relationship of the viscosity at 95¢C to the peak
visocosity, as well as with the stability on cooking given by the
visoosity after 1 bour at 954C. The latter property is of speoial
interest in relation with pressure and jet oooking, a usual practice

in modern teohnology. The three starches have &180 & pronounced tendémoy
to retrograde when cooled to 509C. Finully, the atability of the oooked
paste toward shearing, desirable when the puste is to be agitated, stirred
oxr pumped during processing; is fairly good in the RLree cases. Other
starches, particularly tuber starshes, exhibit quite different behaviour.
19. | Pransparency and clarity of pastes, gel strength, and freese-thaw
stability are other important properties of starches. Production of fmult
jams, gum confections, and precooked frozen foods are examples of uses
requiring appropiste selection of these properties. Aqueous starch
suspensions are optun,x but they become more translucent as temperature
inofeuses. The various raw starches give characterietically different
trabsparency/temperature surves. Rice and corn pastes have poor ligut
tuxiuiuion as compared with others, ouch as potato, tapiocoa or sweet
potato (16). Generelly, 1ight reflectance is of greater interest than
light transmission, because it is related to visual estimation of paste’
clarity whereas the latter is not. Rice, corti and sorghws fors




opaque pastes whereas potato and other tuber starch give pastes of higher
oclaxrity.

20. Staroh polymers, particularly amylose have a pronounced tendency

to associate by hydrogen bonding and, at high oconcentrations, form gels.
The gel strength is dependent on the extent of coocking the starck
undergo during gel preparation, and on the starch itself. Osman and
Mootse (18) investigated the effeots of both variables on ps.‘;u of rice
and other starobes having similar muximum visoosity and found that cereal
starohes give etronger gels than tuber starches. They also found that gel
strenght inoresses with cooking time and in the order rice, sorghum, corn
and whest, but with prolonged cocking a reversal of trends ocours, it
appearing earlier for rice and wheat than for corn and sorghum (Table V).

21.  Storege, partiocularly cold storage, and freesing rssult in inoreased
tendency of staroh moleocules to associate; the staroch losses its water-
holding capacity with separation of watery liquid. Common (non-waxy)
starches -rice, corn and sorghum included- are extremely susceptible to
i § 0014 storage and freesing. Data of Hanson et al (19) given in Table VI

? show the separation of liquid upon thawing frosen sauces thickened with
various starohes after 1-2 months storage at ~12¢C. It will be notioced

i ! that about one half of the water content is released when thawing at
259C, Retention of water is improved whem thawing is at 100eC.

22, linp].ly, other properties such as the susoeptidility of stardh to
alpbar snd beta-amylekys!s and the thermal decomposition, may be of
intexrest in relation with some industrial appliostions. Leach and Sohoch
(13) iavestigated the solubilization of various granular starches with
baoterial alpha-amylase and found that potato and arrowrcot were the
least atiacked, tapicos the most susaeptible, comn and scrghus (49.5 and
50.2 § saludilised respectively) were near to tapioca, and rice (32.6 %)
was modwetely resistant (Table VII). However, alphacamylolysis of ogoked




starohes winimizes the differences as shown by the data of Otani and
Takahashi (20) given in Table VIII. Please disregard absolute values
whioh are dependent on experimental conditions and are not compurabls
t0 those given in the previous table. The important consideration is
that rice and oorn starches, when oooked; are attacked quits oomparably
by alphe-anyiaes. The 1limi*e of beti.~amylolysis of autoodived samples
of rice and maize starches also have been reported to be practically
1dentiosl (58.7 and 59.1 %, respeotively, Table VII).

23. Gernisni (49) reported data on the thermal decomposition of 7&10nl
natursl starches. Rice and corn starches (with 12.63 4 and 11.10 $ M.C.
respeotively) underwent sbarp losses in water content at 170¢C whereas
potato starch 4id it MIy, showing defined loeses at 160¢C, Ths
. 4bree starches developed browning with heating, but potato did it
fagter and to & greater intensity. Maximum dextirin ylelds were 83.26
for corn starech, at 1708C, and 77.34 % for rice stsrch at 180eC.

24. Yazy gtarohes. Ths oharaoteristios and properties of waxy rics starch as
ooécrod with those of other waxy cereal starches ars gives in Tables II

% VI and Pigs. 2 and 5, The ezamination of thess data reveals that, with
ths exoception of thl freese-thavw stability, rice, sorghus and corn have
fairly simili s propcrt:\.n. The swel. ing power also it somevhat different.
Rice starch sorbs water more rapidly than sorghum etaroh (Fig. 5 5). The
.plsttniution texperature of the thru starches is similar, although the
rengs of variation is larger for rice staroh ('l‘ablo IV) . As reported by

(4) » the thres oited starches sbow & similar bebaviour in the
Bnbudu' mlomph, with a high maximum viscosity, extensivs loss of
vinolit: durinz o‘okinc, and reduced retrogredation tendency (Fig. 2).
Also, the putu are olear, stringy and ochesive. In oontrast, Iy rioe
staxrch hn much cntc freese—thaw -ta.b:luty than waxy oorn, waxy sorghum,
and other starches (4)(18)(29) (48) (Tabls VI). This property oconfers %o rice
[ u!natqu over other starches both of the common and ‘the BNy

varieties and makes it especially suitable. for oertain food uses.
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3. DESCEIPTION OF RICE JTARGH DERIVATIVES.

2%. Starches of different origi» provide s wide variety of oboice for
individual applications, dbut they wre insufficiemt to cover the very
many and specific needs of modern technology. Consequently, the sta-oh
industry has developed proocedures to alter the cbaracterietios of the
natural starches %0 meet the requirements of special end uses. Quite a
large number of modified starches and starch derivatives have beem
prepared, but only a oomparative few have found general use. On the other
hand, rioce starch derivatives, with perhaps only some mimer ezoeption,
are not manufactured on an industrial scale. The cost advamtage held
by oorn starch (see Charter 5) ‘bas deninate the market and desides thie
only a few starches of other sources, such as potato or sorghus, have
been used as starting raw materials for modification or derivatisation
processee. Censequently, open inforsation on rioce etareh desivatives
is meager. Proocedures have been patented in which rice stareh may de
used. These are mentioned later on in Chapter 6. But thie iaformatien
oovers a limited area. That the general properties of rice etarved
derivatives are not expected to be essentially different frea those of
the ocorresponding corn or sorghum dorivatives, is indicated by the
following facts: a) the tbree natural starohes are alike im msay of their
propertiee, b) derivatisation causes specific modifications in We
chemical nature of starch and ocomsequently brings adbeut spesifis
qualitative changes in ite properties, the extent of which ces de
eontrolled by adjusting proosesing conditions, and o) the ssemty
information on rice starch derivatives does not reveal s partioular
behaviour of rice starch ia derivatisation precesses. Acessdiagly, ia
the present Chapter, rice stareh derivasives are dssorided fyes a

Mnmm.nuaommuu.m”tamv
of "nev” propertics, suitable for "nev" uses, that rice stadedh my ot
wier adequate proscssing.
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A. VEE

26. Qatisnie gterelies. They sre prepazed etherifying stared hpirexyle wi W
asdequate tertiary amines and scmveriing the free base forw of the bemtiary
amino ether imto the catienic tertiary amsaiwm salt. Theoe stared
derivetives have lower gelatinisation \emperature and somentat M ghaw
hot paste viseosity thasn the parent stareh. Thelr oeched pastes samnis
fluwid and relatively slear vhem held at reem temperature. The positive
sharge takes in solutien by the amine greoup makes this dewiverive g
gubstantive te negatively charged soodpuly fider and assowmmis, a9 i
will be seem later on, for its uee in paper miing. ™he ss-called "eniw”
others of stareh alee are of interest. They ooatain quaternary smsadiwm,
quaternary phocphesiwm, oF terviary sulfeaium redicals, Which casvy &
formal positive charge over Whe mmiire pi renge, ond Dessme satieaie
pelyslestzelytes ia mter (17).

7 Erieteraiial sAMER of SIMIS). They oFe prepared \y ressilen of almiine
oteseh with lower alkyiene ostdes. Kydrexyetdyl stereh and apérexypwepyl
starsh, this %0 & lesser extend, a0 commeveislly lagertiant. AV low dogree
of substitution (D.8.), they present reiweed gelstiaisation Seperature,
“Wﬂllm-\dum“undm theli? pastes are of
greater slazity and isereased cshosivences, lowerel ‘endensy %o
setgogrede and jmpreved f1lo-Covaing and odhesive qualitice) osther
1ishagee are resiotant Vo aside, albalis and mild esidisiag agmte, &
Mmaummymwmmmmww
3¢ stased derivetive withowt Ssdifying the evbetitumt goups. Ryésenyetiyl
and hgdreagpeepyl sterches aFe me-ienis, edd hyérephilie. Dy insressing
mmm..m’umt‘nn iaerensing dogrece of
wmier soludility can do teined. Ei er-subetituted derivetives fom
mm.mmum.um-n“nmw. have
@od fresse-thar otability, snb reciet bMelegioal metlage. They al®
fosn f1la0 of @od clesty, flemtdi.ity end smotiaces (a2).
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25. QUex stared sNragy. Desides cat.emis and AWrdresyalnyl othars of stared

i i I, A P S SRS

alkyl, ayansalkyi, eardoxyaikyl and allyl ethers, amsag others, aerit to

~ Do sited. It appears 2at, at preoent, nees of Lem bae gained wide

ooimaervial ae vytaxee. The aliyl etk re, of whieh 0-m dyletared ig the
most widely studied, have liaited sommereial iaterest. The alkyl others
have centered the intarest in tae Past, but 116 potentiai market foll e
otder preducte Vefure taey gained impertames (2)). Carboxyalkyl amd
oyansalkyl stareh ethers are new at tae aark ot and ey doserve a ghept
oomment. The moet sommon sarboxyalkyl ether 1 sodium o—earve yuethyl
stared, prepared by reasticn of stared with sodium chiercasctate or
other suitadle agent. Low D.8. grenular derivatives cses be prepared which
GFe ot o0lé wmater soluble, dut at D.8. Mehor than 0.1, mater soluble
peeduste are odtained. Mo viseosi vy, of sarbexypetaylstareh 4 very Mg,
but it deerences stgnificsntly by e addition of elestrelytes (21),
Ultes emtrifugsl sedimentetion petterns of cardexymethylated niy od
RER-Saxy rise stazedes have bemn reperted (24). Ingeetion of cardoxylaetiyl

hciw.dohnlmm:mumum.umu_u

oad texie offeete in yate (21). ‘

». ma.mnawxmmuummm
 epuemseyl o 2s. Biw liatted waowm 10 of serylenitri.e and leng
mmmmuammmuuu-mnn»-‘u
ay be obtained wheress vith cmvees erylenitrile and shert resstica
Waee, miwrdneluble preduste are preparel. 4 geauler 0,09 5,8,
mmmmmuum.mtuwm
d % widotand stesn sterilisetion vithewt oaking, %7 whieh 110 wee




alkaline aqueous solutiom for low degrees of subatitution or im pyridine
for higher degrees. The granules of a low D.3. starch acstate do not

differ appreciably under tbe niorosoopefrem the parent starch, Staining
with aniecnic or ocatiomic dyes will neither show any difference. The
solubility of starch acetates is denendent upon the D.S. and the D.P.
Undegreded sturch sostates are solul.e in relatively .ew solvents, whioh '
includs oaly shose of a polar nature. Degradation increases water soludbility.
Stareh acetatss with acetyl contents up to 15 % have been reported t4 be
soluble in hot water (509-100¢C)j products with higher acetyl oontent

(40 § or more) ars insoluble in water but soluble in various orgnic
solvente. Acstylation lowers the gmlatinisation temperature and increases
the hot peak visocosity, dispersibility by cooking and sol oclarity.
Aeotilation also minimises the tendency of starch to retrograde. Cloudiness
and syneresis ocourring in squeous dispersions even of waxy starches oan
thus be olimimated. This is one of the properties of commeroial importance
of stareh soetates. As low D.8. levels are sufficient for it, starch
scetates in commerce are gmerally less than 0.2 D.8. (5 % acetyl). Muoch
of the work on high D.8. starch acetates bas bsen directed to find a
substitute for cellulose acetate. Films of greater olarity, higher gloss,
sore flexidility, larger elongation before rupture, less oracking tendency,
and engier 9olubidity in water than the parent starch have beem prepared
(29). It bas alee been proved that boib starch frsotions produce oleer,
tremgparent, Iustrous filmr, althoush only amylose give films of high
Sensile sirenght and good extensibility. Similarly, starch acetates give
soulded products shich are olear, transparent and drittle, whersss anylose
asotates my be moulded into strong and tough plastios (16). Therefore,
Mghly substituted starch and amylopeotin acetates are of low oommercisl
intevest) in centyest; highly substituted amylose acetates could be of
digh interest previded a low cost Tew amylose would be available (25).

3. lsswmnic sgtewe of ptexed. The phispbate derivatives are the most
important of this group; mathates and sulfates are of lesser importance.




The :zanthates are the S-metal salts of the O~esters of thiolihiocarbonic
acld. Cereal xanthates have been developed ueing a process involving
siarch or flour, carbon disulfide and sodium bydroxyde. These cereal
pulps can be oxidized to the xanthide and combined with wood pulp to
enhances both dry and wet strength of paper and paper produots, However,
up to now, swarch zanthates have no. achieved commercial importance,.(26),
On the other hand, sulfaie esters of starch appear to be available at

the market. They form highly hydrophilic mols of excellent stability
foward cold storage and freezing. However although there is mome indiocatdon
that starch sulfates are nontoxio, their use im food is nod permitted.
Starch sulfates possess anticoagulant and aptilipemic aotivities, as well .
as some antipepsin activity, Information conoerning this and other

properties of starch and amylose sulfates has beeu compiled by Roberts (21].

}2. - 8tarohb phospbates may be oclassified into two groups: the simple
ester, formmd by the reaction of the phosphate with & hydréxyl grouping
on the starch molecule, and the di- and Polyesters, formed by orosslinking
between two starch molecules through & phosphoric group. According to the
degres of phosphation, cold water swelling (0.07 D.8.) or cold water
soluble starch monoesters (0.4-1.0 D.S.) oan be prepared. The monoesters
form long, cohesive pastes of higher viscosity, greater clarity and lower
tendenoy to retrograde thun those of the parent starohj; these pastes have
remarkable gtability toward prolonged cold storage and toward freesing
and thawing. Alkali metals deoreages the visoosity of the pastes and
soluble salts of polyvalent metals precipitate the starch from solution .
(21).

33. Cross~bonded distarch phosphate esters bhave different ocharecteristios
and properties. These are better desoribed in the next sestion, as they
are & particular class of cross-bonded starches.
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Cs CROSS-BONDED STARCHES

§ 34. In gensral, ovoss-bonded or oross-linked starches are formed when
starch reacts with polyfunotional compounds with mors than one growp
capable of reaction. Cross-linking may bo(intermoleoular and intramolecular
in type. In thy former case a marked .ncrease in the average moleoular
welght results (28). Cross-linking in the granular starobes reduces
swelling and causes & higher resistancs of the granule structure to
disruption., This -and not the higher molecular weight- is the reason for
the higher paate viscosity of cross-linked starches. The amount of crose~
bonding has profaund effects on water swelling, solubility, gelatinisation
temperature and visoosity, At low degrees of cross-bonding, high viscosity
pastes are obtained. as oross-linking inoreases, paste viscosity inoreases,
reaches a peak and then decreases. At higher degrees of oross—bonding
golatinization in boiling water can be prevented. Extremely low degrees
of oross~linking cause remarkable changes. is low a»s one cross~linking

per 104 D-glucose uniis may bring about a marked inorease in paste
visocosity of granular {corn) starch (29)j the oross-linked granules swell
but do not rupture easily on cooking, forming &« paste of inoressed
visoosity. As low as one oross-link per 250 D-glucose units may prevent
swelling of (maize) starch in boiling water. Cross-linking also inoreasss
stability to shearing action and resistance of starch to acid hydrolysis.
Apprepriate crou-linkiixg result in cross-bonded starches which bavs
remarkable stabilities to long ln*i@ pressure jet oooking at low pi
(30), Cross~linking also reduces the tendency of starch pastes to
retrogradation,

35. Amylopectims: starch pastes have several disadvantsges limiting sheir
use in the food industry. These are partly iis low stability to shesring
aotion, but mainly its cohesive stringy nature. These di-dv.mqo
essily overcome by chemical cross-bonding, one orose-link per several
hundred glucose units being sufficient. Cross-linking also improves
stability towards aoids, bui’does not impair other desireble jropewtiss
of mxy starches.
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Do OXIDIZED STARCHES

36. Dialdehyde starch. Periodio aoid oxidation of starch produces dialdehyde

3.

sterob. The periodate ion reacts with the 2,3-glycol group of the D=glucose
unit, cleavi gz the C,=C, bond and 1 rming two carbon,l groups. Part of
these groups are fre; bnt other appear to be in hemiacetal linkage with
primery aloohol groups and in hemialdal linkage by reaction with weter
(31). Dialdehyde staroh is a fine yowder which still retains some of the
microscoploal characteristios of the parent starob. However, it is not
birefringent neither gives color reaction with iddine, and has few of

the ﬁhysioal and chemigal properties of the original product. Dialdehyde

. starch forms condensation products with proteins which undergo hardening
~ and become resistunt tc putrefaction. The tanning and adhesive industry

make use of it, Dialdehyde starch alss reaocts with polyalocohols forming

acetal groups. This property ias used to impart wet and dry strength to
paper,

Hxnachlopitevoxidised starches, Normslly they are prepared suspending the
starch in water and trsatirg i% with slkaline godium hypoohlorite, The
commercially available product is a granular powder, extremely white if
precautions bave been tukon during drying, as it is highly sensitive to
heat. The microsoopic appearance of the granules is little altered
although some fissures and fragmentation oan be deteoted. The direfringenoe,
&8 well as other charecieristics of the untreated grenule such as the x-ray
diffraction pattern are retained. However the alkaline Bypoohlorite
oxidation brings about changes in the chemioal mature of starch. Some
carboxyl and ocarbonyl groupm are formed and some rupture of the
glucopyrances ring ocours; simultanedusly s number of glycoside linkages
are broken. The extent of ochanpges is dependcent upon reaction doaditions,
the pH being an operative faotor. Hypoohlorite-oxidised. starches have lower
gelatinisation temperature, bot paste visoosity and tendenocy to rotmo

than tbe parent staroh, Om cooling, their pastes are of greater fluidity




and olarity than those of the untreated starch. They form clear, soft

gels. Oxidized starch films are of a tough and horny character in
oomparison with the extremely brittle films of unoxidized starach.

4. DESCRIPTION OF THE DIFFERENT USES FOR RICE STARCH AND RICE STARCH

Paper indusiry

38. The use of starch and starch derivatives in the paper industry is a
subject covered by Nissen (32) in s recent work. An attempt is made here
to briefly deacribe the moet important uses and the starch products
utilisedd.There are four mein areas of application of staurch in paper
making. These ares wet end, size press, calender stack and coating, The
application of starch at the wet end of the paper machine is intended to
improve the strength and appearance of the paper. Nissen (32) defined the
idesl wet end adhesive as that giving maximum strength and &ppearance
improvement with maximum starch retention and minimum oost along with

no deleterious side-effects. Potato, taploca, sorghum and oorn starches
have been uged but oxidired corn, anu particularly cationioc corn and
potato, and dialdehyde corn starches are preferred because the improvement
they bring, respectively, in dry and wet strenghh. Pregelatinized starches
have been gmining scoeptance. No single starch is equally suitable for all
grades of paper. For the coarse greades - krafi wrapping and bag papers

for ingtance - cationic ocorn is suitable. For fine grades — ledger papers
for instance ~ 1lightly oooked native pearl starcbes are used. For high
density sheets, oxidized starches are bighly effective, acting also %o
incresse the sffeotivensss of rosin sise.

T9. The main purpose of sise press application of starch is to improve
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writing and printing characteristios. For surfuace sizing applications
enzyme-converted, ocorn and to lesser extent tapioca, pdeto and wheat
starches and oxidized and bydroxyethyl darivatives are used. The mill
equipment and the properties desired determine normally the type of
staroh %0 be used. Requirements range about 2-12 % solids, 502~70¢C, and
10-50 ops (Brookfield, No. 1 spindle, 20 rpm)(32).

A0, | In the calender mtack & staroh film is applied to improve surface
charcoteristios. The type of starob to be appliod varies with the fiber

furnish, machine oonditions and end use of the sheet. Thus, for hwevy
weight papers and lineur board, starch that sets up rapidly is required
wheress for oylinder boards, & low-viscosity staroh with good film
forming ability is desirable (32).

A1, Adhesive requirements for paper coating have bsen desoribed alse
by Nissen (32). Out of them high adhenive strength, stuble wiscosity
and no gide~effeots on paper merit to be cited. Nevertholess, adhesivs

s e

requiremsnts are dependent on ooating machinery and individual procedures.
Starches used are vuried: hydroxyethylsted or oxidised products are used
in brush coating, ensyme converted pesrl corn starch in role coating,

| oxidised or encymomgonverted corn sturch in air knife coating, and

;i, oxidised, hydroxysthylated, and entyme-converted corn starches for

5 | wailing blade colors.

JUOR—

% | : 42. Rioe starch derivatives baving high water resistance, prepared by
resstiag staroh with methylolated ureidopyrimidones, have bdeen olaimed

% be useful in paper sising (33). Alwo, polyacrolein derivatives of rice
! ; ohr;h. useful as weter-resistance adhesives in the manufacturs of

i laninated fider board and corrugated oardboard, have been patemted (35).
Dol A mavey of the literature on starch adhesives with applications. for the
| | peper indusiry bas been reported recently (34).
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Textiles

43. Staroh and starch derivatives are used in sizing, finishing and
printing, The largest consumpiion of starch is in sizing. Yars ar;
pized tg‘i’mprove their strength and abrasion resistance; also to reduoce
the fuse df the yarn by cementing the surface fibers. Starch solutions
used in sizing as well as the films they form must meet special
requirements. These have been desoribed by Compton and Martin (36) An
important requisite for size solutions is to be of low cost, since

large amounts are used. This is one reeson for unmodified corn starch %o
be preferred over acid - modified or oxidized starches. Preparation of
size solutions of constant quality must be caay, as it is carried out at
the mill and meochanization of prooessing requieres uniform viscosity
and solids content. In the slushing operation foaming problems may arise
causing nonuniform size depoeition. Slightly acidic pH of sizing
golutions minimizes foaming, therefore buffered starch (pE 5.5. to 6.5)
‘has some advantages. Pollution of streams by wtarch waste from sising
has beoome a problem in some Tases and starch ethers with lower B.0.D.,
or other materials have been introduced. Out of the general properties
of eime films required for satisfaotory weuving performance, the good
adhesion between film and fiber appears to De the most important. The
£41m also must be hard to resist abrasion but soft enough to flex and
“stretch as the yarn ls processed. Sizu {ilus must be eany t0 be removed
by enzyges or acids during =t proce ssing} due to it modified starches
 are more adequate than natural starches. Pinally, it is also desirable
that films be resistant to heat to prevent overdrying damags. In addition
.40 the olted requirements, the preference for a type of starch is greatly
based on ocost and habitual pnotioe-‘ as shown by the faot that in the

U.S,A.y corn starch is the nost extensively used starch in slashing
whereas in Burope potato staroh is, Undoubtedly, rice starch 1s likewise
-suitable - cost aside.
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44. Different rice staroh products bave found application in textiles.
Some instances are: rioce starch phosphates in the mgnufacture of wrinkle—
free, fine-hand textiles from naturel and regenerated cellulosic fibers
(37)3 rice sturches reacted with metuylolated ureidopyrimidones, in
sising (33)3 rice starch polymers, prepared with polyacrylate or
polymethaorylate, in finishing, and rice starch derivatives, obtained
using sorolein, in stifenning textiles (35).

45. Natural rice starch has been traditionally used in laundry (4).

The advent of synthetio fibers has decreased substantially this market.
Recently a patent has been issued oovering the preparation of a laundry
staroh composition which prevents sticking on the iron and is prepared by
reacting poly (ethylen oxide) and ride starch (38).

46, Requirements for a food starch are varied and depend on the partiocular
use for starch, They are described delow. However, from a sanitation point
of view bdoth rioce starch and rice starch derivatives muat meet certain
gneral requirements when intended to be uged ae foods and as ingredieants
ia packaging materials for foods. The FeDedey of U.S.A. has set standards
in this respect (39). In ths partiou'ar case of canning, the Kational
Canners Asscolation has also set standards for thermophille oounts (40).

47. 3gked gpods. Starch bas & diversity of uses in baking. It oan be utilised

a® & ocarrier in bavkin’g powders, as an ingredient in pie fillings, loings,
orsker and oookie doughs, cakes and biscuits, and in operating prooedures.
In baking powders, starch acts as an inert dispersing ageant proteoting
active ingredients (usually bicarbonate and acid) from moisture, thus
svoiding weskening of gasing power. Rice starch has been reported to -
well suited for this purpose (41). The starch used in ple fillings
manufacture must mest several requiremsnts, such as high viscosity,

glossy appearsnce and stability toward high temperature, acids, shearing,




snd atorage. These have boen deseribed by fiamilton snd raschall (27).
Unwodified starches do mot moet all of tham. Voo waiy stercues although

have 30ME aQvanisles, breakdown oamily. Crogs—oondea waxy agtarch phosphates

nuve been r=ported to give good regulis {21). waxy sice gtarch phosphate
apoears to he adeguat: for tnias purnosc. Comzon rice starch is sensitive
to direct heat and is nod penerally used in {he preparation or fruit

fillings; it is however used in the prensration of soft~filied ples (42)

Stabllizers of variocus types are used in icings, with the purgose to
abgord water by forming a gel and help to avoid the crystallizatlon of |
sugar or auriuce gtickiness ip numid weather. Vegetubie guus and corn

sturches are used; rice starch, narticularly ihe waxy type, would probably

he more suitablc. Dizculia, cakes 4nd the like require low proteln content

{7 9) flours to developr proper texture anda eating qualities. From 5

to 15 oer cent of tue Plour wedght of corn and olesr starches is used to

provent the development of doughy terturee (43). Dafaert (44) carried out

4 baking sxporiment with rice starch and noted that the "bread” from

ordinary ricc was hard ond compact whereas that rom waxy rice had risen
beautifully, wita a volume 4 tiines lurger, and wag sxtromely porQus.

Jore recently, Rotsch (45) reported thal use of rice sturoh increases

bresd volwae and inmproves crumb texturs. On tiae otner nand, the batter-aizx
process (45) opens new possibilities to rice flour and rice staroh in

btroad making.

4h.  Canned fgodg. Yost of the uecs of stsrch in cenned r6o0ds are based on
the utilization of the proporiies of its pastes to thioken md_/_or modify
the texture of foods. in the ounbing industry starciies arc used primerily
in svecialty type foods {condensed soups, bottled sauces, baby foods and
gpecioslty dirmer urcducta) The selection of tihe rtarch for 8 gzvna
apolication is comolex, 1t depends on the texture and reology desired,
‘the ccnditions of use, aging propertiee and tuste requirecants. Proccosinc

condi tions are also consid:red. Good resistance to high tesperature,

etubility toward shearing action and no tendency to retrograde are
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49.

properties generally required. The demand for these hus been met
partially by amylopectin starchee. Unf. rtunately they have fragile
granulee, and the viscosity of their pastes falls on prolonged stirriag

or heating. In condensed soupe, requiring extra-water t0o final preparatiom,
tbie is unacceptable. This iimits wuc uee of waxy rios starch in spite
of the excel.ent propertie. ii luis .3 thickener (18)(19)(48). A further
inconvenienceis the oobesive siringy nature of the gel, whieh makes it
unaoceptable in certain food producte. All these disedvantages have,
however, been overcome in the cross-bonded ¢tarch puosphates withoutd
interfering with the deeirable aspects of theee stareches. The axtent

of oross-bonding must be designed for epecifie uses. For example, more
oross~bonding is required wham food proceesing involves pregauro-oteking
than when it dcee not. Jet oooking requires evem higher sreoss-bending.
Ia meutral or mildly scidic foods a ptareh of lower ocrose-limking is
used than in scidic foods. Cross-linked wexy etareh is particularly
suitabls as & thickener ia Chinese foods because of ths elarity, slime,
and low gel tendencies of its pastes. It ie alse widely ueed ia canmed
foods where a ssuce ie & couponent, suck as spagheitl in temate sewee.
Another application is foumd in bottled sauces sush as temate kotep.
¥ith oross-bended acetylated etarches, daby foods and fruil and eresn
ple fillings have good keeping quality under a wide range of tVempevatwre
eonditions. Tn the waxy oceresl star-hes —corn and sorghum~- this Wpe of
derivatisation is extensively used; waxy rios stared is «qually sdequate,
but no cemmercial uee appears 10 have bdeen made of it. A resent ptant
(47) refers the uses of acylated croes-limked rice olared.

2xasss _{geda. Commen cercal starches do net withetend fressing end
Shawing, which ceuse gel fivming, opasity, grainy teztuwre and liberetien
of mater. Waxy oorn and ssrghun sterches, beiang dettier, ame not
satisfastery besauss ealy resist o fow frecse-thas syeles. In omtrast,
wazy rice stareh gives emsellant resuite (18)(19)(48). It has desn = the
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n. urel °F Bow.iTles (Ufiy however t oo 12k has Lot veen adeqaalely
expl.red, 3tares fin.» one 0 ite 1eortefit % pitcatione 10 the munufasture
0. als’. AFOSBiNYge SbarCh: x iV dreiming Vae rorrect bdy, in addition
10 Liadi.iging the emuisioray t‘Le&y aust withstanu the attritien of the
pomcgemizsers nd resiat et ids. oteroh nuachates, ervsi-vonded st.rea

cr hartures Of CTORRA-RORGE” B1A WaiY rlaPChes ZAVE 2od resilta. Another
WTen L# M BMeat Drocessl: ¥ wheie 4. res perves &8 « binder and wstadilises.
w reasnt pateui (51) use riee sturch se M aydrophyi.e ad juvant in the
orepuration of saloase lar:Bd e lelim. Be 1N Cubdy Baking sterch has
ssverai applications. aeld hydroiymed i corp) starsh is the moet oommenly
used Cit high amylose [ ~orm) giafeh 18 showing promise in the manufasture
of g oonfections, Redried siarel is ueod ia meldingy alee, 14 10 added
1o cwmfectionsls sugars te Kee} it ired iweping. .be eomdination of laxge
sul wds area ahd stresg alliniy; fer aoisture of starch Fesules, along
with geed odidiiity and iow eeet, dotersine largely tee use of elareh oo
aculds and wolistupe sdasrbing ageate, dilwerts, Wlking sgents and
t1uldifying agente. with tae elceptiom of prise, rice stureh has all (} 4
shone yroperiios.
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The following are instences of the prastically wmlimited ueve of rice
stareh and rice otarch derivatives, of Miieh cnly a fow have domn

caploved: explosives (11), flesoulant for seal washing plants (52), &ry
ludbwicant for boddinet mashines [31), graft pelymers (54)(%9), oil wall
driliiag (36), phetegraphie fils ( spesially purified riece starsh for
photogrephio veoe 1o on the market ia Burepe ), eigarette filter (57),

and medified cardelpirate materials for use 0o todacse subetitutes for
smeking (38). The met iupertant and treditienal uee today is in cesmetics.

9. MARKFRMARILITY OF RICE STARCGH AND RICE SPAACN ISRIVATIVES IN OOMPNTITION
VITE OFEIR OCMPARANLIE STARCHRS

52. 1Ia the feregeing shapters, infermation has deen presented showiag
het satural rice starshes have & fow pesuliar preperiice vhich nske then
pertioularly apyrepriated for same speeific uses-sush as commetiss and
epesially feede. Thooe cscomt fer o certaialy lisited mashet. It hao
8100 Dem d1sousesd et Batural riee starehes have sese gemeral properiice
@tirely ecuparedle with thees of oorn and sorghum, which make rice
ouitadle - or ot lenst, cxpestied 10 bo suitedle - for meet of the mame
uwess. Thieo 1o copesially trwe for the derivatives, the propertics of
mwuu»mn:m.m:—.mwxmmuut

ent cenditions of the derivatrisatien precess. On the other hasd, it wdll
%0 s0m later oo (Mapter 6) et the senufasture of rice staved and
rise otareh derivelives precent sialler agpeste %o that of corm g it
shserus vith iavestaent end preduwticn cests. Tharefepe, he nmndstery
forter Soteruining the competitive positien of rise stareh and rice stareh
derivatives iz the mer@Pr is e price of e 2o 00 staved. In Teble
numnmuunmu¢me~uuamu
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otLer starches. Rice sturch is aboul twice the price of corn. The reasan
is the cost of the original cercal as it is cnown in Table X. The prices
of rice in last years werc abnormal becuuse of production problems in

Asias. But even coneidering normal yeurs, rice iz much more exoensive. -

£3. 1t appears therefore :hat rice siurch has no possibilities to
compete with corn or otaer starohes, provided the prioe of rice i not
comparuole with that of corn. an ospentin) firat step is the reduction
the price of the cturting raw material for rice sturoh menufacture. This
peans the need for an aciually lowered cost of rice, but also &« more
complete utilization of the rice gruin with higher returns in tbe rice

procedsing plant. Thece aspects are discussed in Chapter 8.

TARCE AND RICE ST4BCH DERIVAITV.

As RICK ST.RCH
&4. Cowmercial methods for the isnlution of starch involve the following

essential stepss u)steeping, b)grinding, c¢)removal of tiber, 4)

separation of starch and yrotein, and &)drying. & preliminary cleaning

step to remove undesirable impurities from the raw rice to be used shoulad

be inoluded. In the first etep, rice ~genorally brokens- is soaked in an

aqueous caustic soda solution to solubilise the protein and facilitate

the liberation of the starch granules. Lifferent operating oonditioms %
"are used. The strength of the caustic sulution is between 0.3 % and

0.5 % -odiun bydroxide. The temperature ranges from room temperuature

(56) to 50¢C (59). The ;&tal.steeping time is usually 24 hour;. The |
alkaline liquor iJ;run off after a first steeping period and replaced

by fresh IOIution;_thisAOperution can be repeated. In oontrast, Zhusmen

(6C) reporgs a 2teeping period of only 2 bours, with continuous circulation

of the alkglino liquor through the rice mass, wiich can be stirred

simul taneously. The ateening liquorc run off are sent to the protein
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Teocovery seotion. The softened rice kernels are then oconveyed to the -:ui-
‘miidee they are ground with a small quantity of fresh moda solution.
Another alternative is to wash the kernels with water prior to grinding
(59)(60) . Urinding is performed in suitable revolving disc or pin mills.
After grinding, the starch slurry is further diluted with soda solution

or wmater for removal of pulp. Separatioa of starch from the fidbrous
naterial is achieved by the use of chakers, reels statio screens or
centrifuges. Sodimentation of starch at pil abeut 10 is slow and, according
%o Zhusman (60), it can be acceleratod by addition of sulfurous acid to
the starch slurry leaving the mill, Saturated lime water bas slso being

suggested (59) for diluting the siaroh slurry to assist in floooulating
the “ibrous material for retention on the soreens. Y

55, Acoording to Hogan (59), the process ussd in the U.8.A. prior to
disoontinuance 4n 1943, operated with brokea rice which was ;tnpod with
weicr oontaining sulfur dioxide for 72 hours at 490C, After steeping,
the rice was ground in a Buhy mill, and paaeaé through reels and over
shaking soreens to romove hulla and fidorss the starch slurry was made

- alkaline with sodium hydroxide and ccatrifummted. As reported by Zhusman

(60) the use of sulfurous scid involves & serios of problems such as

long dwration of the atesping tiuwu, heating of the soaking water, corrosive
oftoot. on metal, and huru’ul ooulitions of the operation. Aido, as
'nportod ‘by Akhexr ot al. (61), who ptudied comparatively the alkali and

the sulfurous aoid proocedures, the highest yields and greatest purity

for 'the Tice starch are given by tho alkali sxtrsotion]

56. The starch is separated from protein ¢a = Mtinnou. centrifugl
and finally purified and oonocentrated through hydrooyolenes or further
oontinuous oentrifugals; then, the starch is dewatered and dried. The
sequence of operstions is varied and dopends on the equipaent facilities
and the efficiency of same. A brief description of this part of the
process, giving oqnipﬁmt used, flow-sheot, and composition of pwoduste
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and by-products can be found in the paper of Zhumk(&)).

57. "“Crystal" starch, & commeroial form of rice -mﬁh, is prepared from
centrifuge oake which is pressed into cubes, wrapped in paper, dried, and
the resulting bloocks broken into dust-free lumps. Another alternative is
fo press commeroial starch into dense boards and break them up.

58. The imolation of starch bas alwo beem aooomplished - on: a non
commercial scale — by sonic vibration [62)., By this aotion the non
starch components are broken down, permiting operation with less than
%0 per cent of the water usually necessary. Rise starch yields ranging
from 54 to 54 £ have been reported.

59, In & recent paper by Syfried (63) a review is given on the amowmt,
concentration, and treataent of wuste water in rice starch plant,

3. RICR FTARCH DERIVATIVES

Cationio starobep. Pasohsll (17) reviewsd recenily the production metheds
of cationic starches. According t0 this author, the preparstiom of tertiazy
wainoalkyl ethers is attsined by tresting sa slkalime suspension of stareh
with & sertiary amine oontaiaing & bdeta~halogemated alkyl, s 2,)~epexypropyl,
o & 3-ohloro-2-hydroxypropyl #adieal. low D.3, gramular ethers oas be
prepared ocomsercially using an epoxyadine or haloalkyl tertiary amime. At
the completion of the resction, the starch slurzy ie filtered, and e
product waghed and dried. In the preparation of high D.§8., cold-water
nimo, granular derivatives, the swelling of the starch grasules sheuld
be inhidited using apprepiate agmte. By the sotion of & quatemary
smmaius salt conteining & 2,)-eponypropyl or & }-cblare2-ayivexyprepyl
tedical, on an alkaline slwry of stareh qusternary ammeaiwms alkyl ethews
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can be produced,. These derivatives may also be obtained by quaternising
tertiary aaincslkylstarches with alkylating agents. The preparation of
cationio starches containing primry and seoondary amine groups generally
present mors prodlems than that of the tertiary amino and quaternary
ammonium ethers.

Rxdroxyelkyl ethers. Hydroxyetliylstarch is prepared by the resotion
between staroh and ethylens oxide in the presence of agueous alkali.
Noutral alkali metal salts aTe used as swelling inhibitors (64)(6%).
Bibylene oxide is diseolved in the suspension. Temperstures usually not
exoseding 50¢C are used. The comeroial preparation of derivatives 6f
Di8. lower than 0.1 is readily performed but that of higher D.8. presents
filterability problems (22)., The ?ronnoo of a very ssall amount of
oodium othyleme diamine tetrscetate is olaimed (66) to increasge ths
offioiency of the utilisation of sthylene oxyde and prevents formation

of dark ocoloured 00110idal material during the resotion. A prooedurs

of stabilisation againgt discoloration appliadle to rioe starch ethers
bes been patented (67). Hydroxyslkylstarsh oan also be produced by
rescting dry starch oonteining alkali or a latent alkaline catalyst with
oilyjlene or propyleme oxide gas, as Feported by Paschall (22) who reviewed
b proparstion nethods of hydvoxyslkyl ethers. Ramkin ot al. (68)(69)
and Zusuki of al. (70) have reported on the influemcs of processing
oontitions on the yreperties of hyiroxyethylated starehes. Patents have
bosm grented recently eevering hyiroxyalkylation prosedures of stareh but
$hose specificnlly esomserned with rice starch are Beagew. Mima and Yokayame
(71) peopered hydroxyethyl stared by treating gellated rice stared with
pyridoxine and sthyleme ohlorhydrin,

MRS
Jatel_setiaing: The prepasation of stared acetates is covered ¥y o
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recent paper of Kruger and Rutenberg (25). Several chemicals have been
used as acetylating agents, out of which acetic anhydride has generally
been preferred. Rice siarch acetates have been peepared using it (72)
(73)(47)« One of these patents covers the scetilation with acetic
anhydride of an alkuline suspension of cross—linked rice starch
subsequent to orcss-iinking with epychlorbhydrin (47). The esterification
oan be carried out in alkaline solution, maintaining the conditions

that favor acetylation over anhydiride without appreciable hydrolysis

of the sturch acetate. The optimum acetylation pH is temperature
depenient; at room ter—erature it is about 8. After completion of
reaction, the starch slurry is acidified, filtered or centrifugsted,
washed and dried (74). Rice starch acetates have aigo been prepared by
treating the starch with & mixture of acetic acid and acetic anhydride
o9 “oCl,, or ch‘) and
an organioc liquid such us bencene, xyleme or toluene, (72)(73). Aoylation

at 09=715%C, in the presence of a catalyst (SO 48

‘of starch by alkaline-catalysed transesterificabion with vinyl acetats

has been used in the preparation of commercial starsh acetates (25). The
reaction whioh is carried out in alkaline pH requires the presence of
water. The vinyl ester of acetic acid, has the property to form "in sitv*
during alkaline woylation the aldehyde corresponding to the acid. This
fact can be used to introduce simulisnecusly oross-linking in the stareh
(47). ‘

Stareh phosphates. The starch-phosphute reaction has been carried out
on a commeroial scule by soaking the staroch granules with the phospbate
solution, separating the atarch by filtration or oentrifugmtion fros
exoess solution, drying without gelatinizing the granules to & moisture
content of less than 20 §, and then heating to Tresction temperstures.éf
sbout 1206-1758C (75). According to s recens patent (76) starch phospbates

are prepared by spreying starch with the phosphbate solutiom and then heating

step-wise under wvacous.
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64. The mechanism of the resctions giving simple esters or crosslinked
phosphates is not well establisheds both olasses of phospbates can 0oour
together, and the readion oonditions determine the formation of ome or
the other. Genexrally, when simple phosphates are used, monoesters are
formed under acid pH and orosslinked under more alkaline oconditioms.
When oomplex phosphates are used, monoesters are formed under mildly
alkaline pH and crosslinked wnder higher g (77).

63. Methods bave been developed to obtain starch phosphates giving
pastes of inoreased viscosity (78) (75)(79). According 0 ome patemt
(76) the etarch phosphate mixture is preconditioned by heating it %o
439-909C prior to dehydrsting and final hesting with this purpose.
Aooording to another (75) this can be sttaired by ressting stered
grenules and phosphate in a fluidised bed, passing threugh a stresa
of hot air or inert gas ot 149015000, As indicated by the authors,
rioce starch may be used.

SRN-LINKID FRANGEES

6. Rullinger (30) reviewsd the preparation of eross-lisked stered wp
10 196). Ne listed aumerous ®rosslinking agmts, out of whiokh phosphentlV
expellaride, epyohlorhydrin and trimetaphosphate have been widely woed.
maptuumnmmdwwoumpmdn
sonirelled amount of mineral aeid (80), and metejhosphate ia the presemee
of elercasetate 1in alkaline g (81). A Belgian patent (47) docsrides the
muu‘d eross-linked rice stareh. The precedure can do sumssised
as followss Rice starch is suspended in & pelar mlvent snd an alkaline
uﬂmi-“.mm&mrmhmmm

5gnuummmn “yehlerhydria, at o 3 wmlly
.‘.mmauu.mmm, %he resstien 15 stopped Wy
1mm,l-tt-mmmmum-m
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acid. When acrolein is used, aocidification is not emough to etop the
reaction, and this is acoomplished by adding sodium bdisulfite. After
subsequent dewatering and weshing, the product is finally dried,

OXIDIZED STARCHES

Djsldehyde ataroh. Tegge (62) and more recently Mehltretter (31) reviewed
the laborutory-scale and industrially-scale preparstion of dialdehyde
starch. 3taxrch dialdehyde is now manufactured by treating starch with
pariodic aoid, which is reduced to iodic soid during the resction. Iodic
so0id oan be reconverted t0 periodic aoid by electrolysis and re—used %o
oconvert another batoh of sturch %0 the dialdebyde. Thie oycle forms the
basis of a two-stage process developed by Pfeifer et al. (8)). This
process employs periodiec acid prepared from crude iodime. An elsetrolytic
oell 18 used %0 convexrt the iodine to 10dio acid, them to periodio aoid.
The u-;d oxidant solution from a previous rum is electrrlmed in the oell
100 t0 Tregemerate periodic acid %0 the desired lewdl. The oxidans is
pumped to the oxidatien tank, temperature is adjusted, and starch to de
oxidized 19 added, After the reaction is completed, She liquer sontainiag
10dieo a0id is removed and semt to the eell aystem for re—use. The stared
slurry is filtared or eemtrifugnted -the supergatant ieo returned to the
oell- washed, and dried. The process san de coutinvevs. lMere reommt
papers deosride improved elestrelytio oells (84)(85).

68. The paper of Plfeifer ot al. (8)) degoribes the produstiem of
dialdehyde ctareh on & pilot plant ssale and reyerte the influmee of
fasteors suedh as temperniure and il of resstion, mole retie of periedie
asid %0 otaveh, and concemtration of pericdic scid, A resent paper of
Fleshe (86) 1s of interest in this comnestion as 1t denle with the
conditions of renstion and dotesmination of degree of oxidation of
disldehgie staveh. Although as for as it known, ne paper reperiing the




adequacy of rioo starch for thig derivatization process has been reported,
the experience with corn, sorghum and wheat starches suggests that rioce
is equally suitadble.

9. % diszed starches. Thcy are prepared by treating a suspemeimn

of starch granules with ¢ s~luticn of an alkaline hypochlorite. After
oompletion of the resction, the suspension is neutralised with aoid, and
the starch 1s washed to remove salts and them dried. Hullinger (87) gives
& detailed description of the procedure on a laboratory-scale basie, and
Soallet and Sowsll (88) describs briefly a typiocal ocommeroial process.
The degree of oxidation can be varied over a wide range by suitadbde
modification im hypoohlorite ooncentirations, reaction time, pH, and
temparsture. In a recort patent (89) flow sheets and gaph relating she
characterieties and properties &f oxidised starchee with resotion time
and varying oonditions are given. The alkalise hypoohlorite oxidation of
starch oatalysed by multivalent salts, such as w12 or Cull0, is claimed

4
%0 result in whiter oxidised starches of higher viscosity, trensparensy

and dispersica in water, with leos degredation (90)(%1).

[ ——,

§ L 70. The widewpresd oultivation of igh-yielding varieties has made self
¢ sufficieney & poseidility in the most Asian countries in the i9e°’s.
Although st present the Asian Teglon as a whole has 2ot Seashed the

desired sitvation, 1% 1o well known that in some region- expandiag evtput
Mas srested surplusses (92). Thie situation may be a commos one in the
Rear future. It ie¢ now generelly sceepted that the susesentul developnent
ofwmonunium»mdcm»qdmu-mlm




paper by Barker (93) deals with thim subjeoct. is reported by this author,
a ma jor portion of ihe rice produced in igia is oonsumed on the farm.

It oan not be expeoted that rice consumpiion inorease parallels rioce
preduciion increase. Furthermore, the ‘bulk of the inorsased production
should enter the market channek. Tut, th. warket capacity is limited.
This is true for both the domestin and the axport markets, The first

will inorease slowlys oonsumer berefiis from abundant supplies will be
distributed unong oiher itemns or conveniences. Concerning the export
market, it will be remembered that only ubout 2% of the world predustion
is tr-ded internsitionally end sowe countrieg approaching self-suffisiency

arc looking to this murket as & sour€e of export earnings.

71. A deoline in prine is expeoted to ocour, this, by iteelf, will
affect l1ittle to the competition in the trade. It howsver may affeot the
economy of the producer, who, on the cther hand will not slter his plans
of higher production because of a ohange in price.

72. Without any doubt, an important ulternative to the solution of the
problem is t0 expand the domesti: and export markei for rice. A stroager
rice demand will support the aotual expansion of produotion and will
oontribute to attuin the ultimate objeoctive of the new high-ylelding
varissiess to rise the life level in rice cating ocountries.

71. To exyund the domestic and export market for rioce, the improvement
of drying, trensportatioca, storage and ailling faocilities is &4 necessary

step. The Monomics of handling and prozessing depends upon the teshniques
veed. fut the improvement in equipment and iechmology should mot de based

on the to-day’s sarket requirements. It is very likely that a change ia
QuUality standards of both the local and export markets will ocowr, 14
probably being greater in the domestic trade. Such changes sheuld de
esonaidered and solutioas anticipsted. The demand for high quality shee 4»
oxpestied 0 inoresse; that of rice fer specifio uses alse. Ooasequently,




new and more profitabdble alternatives are oxpecstod 1o be noeded for
expanding the domestic and €Xport market for rige, partjicularly fer
nedium and low- Qumlity rioce. The latter ocan very well be essemtial for

further inoreasing the rice produstion and impreving handling and
proeessing.

T74. Rice starch Prosessing industry can have s rele in expandiag the
markete for rice. Positive Foasons are: declining prices of riee, empested
surpluses of low- and mediwm sating quality riee, Mgher banefits frew
Bore eladorated iteme, and source of foreign exehadge. Aleng with pestitive
Teagons, there are negative cues. Mo Bosd importaat, deth fyem the
csonsmio and soeial pointg of view, ie not %0 uwse the potantial nutzitive
valwe of riee fo food Tice~eating people ademuately. 4, te bt mongh

7400 o %0 have STFPluses of 1t does 2ot mesn o selve the predlen of
malautrition,

75. Common prooessing of graine %o beneficiate stared doeoe aet append
uu-mmum-thu slenenis of rice for bumma
foed . Plans have %o be eladorated leeking for o osmpensated sslution %
the predlen dirested te: 1) Benefietate the mutzritive rotantial of riee
Vo swpply food for humans, Wesially for ehilirem, and 2) Preduse etared
and stared derivatives dut alge Bos conventional preduwsts frem rice te
PR and expand domestie uu-n-muqm-am. Seme idens Pelated
vith thees puwrposes are Prescated ia the follewiag chapier,




7. The cemmereial i1selation of riee stared dceq net beneficilate the
BUtritive oumetituents of rice with Weir ehcle original valve for

humea feeding. The glutem 18 segreogated oo 4 bypredwet of limited value ,
doapite 1t boing (aleng with anether nutrients) Wh¢ most waiuable part
of %he kewnel. On the o\er hamd, the preoence of these mutritive
sonstituents La riee is i*ryeiy responaidie for tde diffieulties arising
during the starek igelotion precess.

Th. Resent kmewledge om the digtribution of ochemical comatituente within
\he rice kernel (96) has shown new appresches fsr the vitlisation of the
@rein vhish may sles de extended ¢ the iselatien of stareha, Curves in
Fig. b chew the gmmere! distridutionr paitemmg of major scenstituents in
riee, Thexe are twe main types of surves. One Sype, vepresented by stared,
whick ohows & continwcus inerease in seasentretion townrd the senter of
the hewnel and a sesend A pe, inolwiing the rest of the songtituenis
consddoved, vhiod shows an iaverese pattern. N ¢lasees esam Lo
distinguisned within the latter gronp of surves, One elass showing aa
winterrwpted doeline ia cencentiration fres the periphery o the eonter
of the kewnel -~ ag Ve ourves for ash asd 710er content do0 -~ and the
ober Lnovensing firet W % & peak in eutgide layers sad ten desrensing
scasistently towasd Laner regione - fate and preteinsg stev swek a
distridution.

9,  The eapesial diotwriduiten of osnstituente ia 7100 allow %
foeeticmnte the Revmel of drewn rice inte Wres freetions with quite
different soupositicn and preperties. Nhe outesmeest frestion the dran
m-amttwcm}ﬂiukndnt‘t. is, 00 it 18 well
kBoun, rich 18 pretein, vitesin, fat, fider and sed (Pig. 6 seme A).

1% M@ fider csntent and the wetadilily of 1% fate make it inadequate
for bumea festing. "hem At 14 stadiliced 'y apprepriate setheds, it 4p

e Biee gvten (vt th adowt @ ¥ protets sentert) 1o s0ld ta Dawepe ot
“‘-*."“h”mwv‘;)o
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» valuable feed stuff. Resently, Deedkasher anmd Parpis (93) have reviewed
the stadilisation of riee rea. Ia recemt investigntions carried out at

80. The next kernel freetien -seme 3 in fig. 6 is of the reatent
iaterest as it 15 o M@ly miritional foed, vary well apprepriated fop

. ohildren. It centaine Rgh levelsg of utriente, minly preteins and

vitaming, which should not be wagted parsiowlarly in teveleping somteies
whewe rice is the staple feed,

81. Pinally, the immer portion of the hownel -geae C) Mg 6 dap an
WMsusl compeaition, PArIioularly \ntaranving fop rise stared predwstien.
The fad, fiber and Aok semtmmts are @Wwmely low, omevally less than

mowmis near 9% . (d.».). Undowbtodly, this 19 an eSoellent starting
material for the ‘tmmareial iselation of piee stadeh,

suitabls for other uoes. T™ue, by siaple @*inding, a “gpeetal riee
Llow” uebuuoa-uu-;uwu--mu-mumrn
rice starch or other eereal staredes. Mereover, We oited inaer frastics
of the kermnel oan be readily comverted inte stavenience rise sreduste
with new Chmcm.tiu. by treatuents sseentially identical %o thooe
used 1a the prevarstion or Tiee staroh derivatives. The changes 12 mter
absorpiiocn, cohesiveness, texture, stabliity toward Mg tenperature and
000l stovage, 0%0., that sued ireatamts sea cauge sn both tde regidial
riee kernel or its flow Open new possidilities for the utilisetien of
rioe, and new markets teo,

8. Pig. 7 shews mnmm-.w.nmmnmmmm
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of rice, based on the possidilities commented above. Paldy 1is fed %0
rubber roll huskers, «fter a previous dry clearing., The hulle may de
used as & souroe of energy for the plant, Cavrgo rice is undermilled,
removing the 5-7 pex oent by kernsl weight, and the bran is subsequently
stadilined %o Be used ag ounttle food. Undermilled rice is cooveyed to
the whitening smchinea for deepmilling. A premium g&ude high protein
flour oas be produced using head rice. Brokens or mixtures of heads and
brokens ean be used to cbtaia ordinmary high protein fiouwr. About 10=15 pexr
ceni by weight of the undermilled kernal can be removed as rice flowr,
This sheuld be oemverted into sonvenienoce ri.e products such as Teady

to eat axtruded produets, bisouite, milk-like products, prececked
flowr, ete. Theee should de intended for the domestie nurket, whioh
should be adequarely explorcd te determune its mesds and poseidilities
in this respest. levpmilied hewd rice and/or brokems ean de gent to the
stared plaat. Alvernatively, deepuillied head Tice can be ceaverted iate
svnvenimmeco rioe preduste as oited abeve, art drokems sea be ground
iato “epesial rlee flow”,

A4, It 10 \hought that sush & plent has more coencuis adventagne and
satisfy detter the soeial] neele ia doveloping commtrics than o Pleat
iatended cn. s four the produstion of rice stared and rige stased
derivetives.

. Te plaat for integra! wtilisatiem of riedlo complez and %0 Wele
squipnest and 0ise neede ‘pand lergely ea the sspasitics of asveral
Bafket sestere - 7120, feed stuff, pretein rich foeds, otared amd
stareh dortv-tiven. The commtry where the plaad sheuld to be losated
3as 10 % tsken 1ate consiiasution toe. oo agpeets of the povbian
dooslive 2 soparete etudy.
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9 IOTRETIAL FUTIRY DEVELOMMENTS.

86. The field of application of stareh and partisularly of stareh
derivatives ds practically umlimited, Bosncuy is expanding the werld
over and demands for starch preducts satiafying geeial requirements
for industrial applisetiocns ars Pregressively inoreasing. This has doen
& powerful -u-nutumh.ulu-uunuvn for now uwses ape
Werging constantly. The cembination of derivatisstien trea sente 1o
muuummmumupmxmm-moqu
2w iateresting lines. The M@ D.5. darivatives are empested o play
A iapertant 3ele vhen pregent Pprectssing diffieulties do overvens.
These arens have domn appreccired ®ly is relatively resent Jyoars and
Sush remain %o be dene %o attaia e Very ssay poeidilitice of wtiltaetion
hat they offer.

”. nmmmm.mmmmmu. 1
Bevesver, ﬂomltv¢o-.-‘-‘“~l~. riees,
munmummunmumum.mm
“deﬁonﬁoﬂ“ﬂﬁdum otasubes and

MM.“Mbhmwm‘du
willised.

8. uuuam(ma.umuum-duam

Mmtt..mmmmt‘umm)nnqhhm
mn«umcmmmmuamnmmxmmw
Mwum-mdtmu—.mutumu




ae high-fider, low-protein fraciica) low-pretels, high etarsh frectiom;
and lew-starsh, high—protein frastion. Theee teshnijues may resdily be
intredueed in trne etareh plans, thus inereaning whbstantially the
poeeidilitice and the eeomemios of ihe orerstioa.

. In summary, the rice stareh industry, adecuntely resrienied, oea
afferd an impertant seutridution te tae o0 ealled "industrial revelviieon”
aotded to scaplement e " grees Povelution”.

0. SYULINIT AND ROONCMIGS OF TN PLAFT FOR LITRMMAL UTILIZATION OF NIS.

9. As doserided previevely, the plaat for the integreal wiilisation of
riee couprises: a) riee uili, b) stared rlant, ¢) dewivatrisatics plent
sad () oNer prosessing fasilities for the stabilisaties of Wwen, and e
maules e of Mig pretein Piee feeds.

92. The riee mall 14 s cenventtoms] allliag wmit, Rewever, due %0 o
feet et DMigh yielde of deuiane orve 2ot o disséventage and thet there
10 20 nesd for the milled preduste % bo greded, the allling plant 9 o
Maly simpiified one.

). The stareh pleat 10 spestally intended 0 precces doegnilied ried”,
The mvemal cempostition of Wiy ot sliews for fwrther sinplificetion
of Wo plant - sush ae retuetien 1a fider separetion feeilitice. Pig. §

shous the flow diagies of the plent. It cenelgts ofs a) Siles (5000) fer
Foosptien of riee and ssnles (ned drem) for veighiag of the input %o the

M
8 ™ be Waneforned 1ato an ordinery stareh plant, additions] oquignemt
thould do installed rather than subetituted fer.
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Plaat. b) Steeping aystem composed of tanks (3-100), pumps (8-101) and
heat szohangers (3-102); evaporators (E~100) are also included. c) et~
milling facilities comprising mills (M—200 an. M-500) and sieve-separstors
(M=1r and M-400). ¢) Clutem seotion composed of centrifugal separators
(6=100, 0-200 and G~-)00), retary drum filter (C~500) and aryer (o-600) .

®) Stareh section consisting of dewatering centrifuge (D=100) and arying
unite (flash dryer, D-300).

4. The stareh derivatizstion plant has been designed to fulfil
Foquirenemis for several derivatisation processes. Only miner additiems
AFre needed 10 satisfy the spesial Tequirements of some derivatisation
Pprecesser. The manufacture of ai.rch dialdehyde is one inatance; the
elestrelytio cell and waperator for the periodio aeid cyels would be
Reseseary additienal quipment, ‘l'h!ou buve net been ineluded here. is
shown ia Fig. 9 the plant 1o oomposed ofs a) Reageats pregparation and
wetering sestion (P-)00, 2-300 and P=300). b) Resetors battery ssnelating
of taake (P-400) oquipped with agitaters and heaters, and upprepristed
Pumps, piring and valves t¢ emadle the aystem %0 epesate batebeuige or
oeatizuely. o) Purification faeilities comprising retany drum filters
(P=%00 4) and washing taak (P-—€00), 4) Dewmntering and drying faeilities
ocnprising rotazy drwe filtepe (P=300 3) or dowstering semtrifugs, and
dryiag wmits - flagh &ryer, P-~700, and retary drwm dryer, P-300.

95. The prefitadility of the Plant for integrel utilisation of 2100 4o
Mahly dopendant on the row mterial prics, whicd makeq W about 0 § of
Setal proseseing coete. The JRosmnt price of rice 1s net sdvantegeous for
stared predustion (see Chapter 3). Therofore, when asssssing e eosmenioe
of the plant, twe different bases shouwld be oonsidered: 4) To asoume that
20 plaat operates dying the rice at the preseat price. Thea, the pricee
at whish he mmnufaotured produsts should be s0ld havs o be caleulated.

) T establich reasonsdly competitive prices for tue menufactured products
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and them, 1o doternine the maximm price of the rise 10 operate with
profitedility. i

9. When ealoulating the Sperating oeste and the reveswe %0 ssescss the |
csonsuiqgef the plant in each ocape, the fellowing assumptions have bdeen ;
sade: i
%

1) Produste gemerating incemes. Froduste,and their predustion givem |

ag pereoant drownm rice weight, ares

Stadiliged dran ., . . . . 5.0 £
High protein rice foods . . 18,3} %
Rleo otared . . . .. ... 124 %
Rieo glutem . ¢ . ¢+ ¢ ¢ s s 2.6 %
Rice starch derivelives . . 62.0

2) Prices. Prices commen 1o etk altermativeg(s and 3) ames o)
S%btiiteed bran, 37.1 UBS/ten. b) Rice etareh, 176 UBS/ten (1 1o enpested
that ries starsh will have 10 be 9014 at a price eimilar % %hat of csgn
stareh). o) Rise gluten, 290 UBG/ten. The average prices of high proteia
7i00 foods and rice stareh derivetives are coammsated later oa.

3) Opernting eoots. Thay conprise ree material, wvagee, overhead
salaries, power, mier, fuel oil, uitd otdher, oo woll oo amsrtigatien of
total imvestnent withia oight yeurs.

9. Prefitadility of the plant. Tebls XI shewe the iavestnent, eoets,
rovenve aad prefits of a plant for intagrel willisetien of rice eperating
Wwder oonditions ostadlished for altarnatives A and 5. o preduetien
capasities have desn ccnsidered in each 0ase: 29.000 and 90,000 tene
paddy/yeaz,




98. Lltermative A: At the fized present prise of rise (176 USE/ ten

carge rice) goed profitesility (12 . prefite em eeets dasia) ie rewshed

1f the Migh protein riee foods are seld at an average price of )4) USh/ten
and the stareh derivatives at 124 USl/ten. The latter can be lowered to
299 UBS/ten if the sapacity of the plant is 50.000 tem paddy.

9. Altermative b Aooming 205.7 USE/ten as an aseertadle average price
for AMgh pretein foods and rice starel derivativee, and the pume
prefitadility we bdefere (12 ;. prefits on ccet Dasis), the price of Wre
rioe should bve: 148.]1 and 15¢.1 USS/ten sarge riee fer the 29.000 und

5 000 teme paddy plants respestiively.

100. 14 1e theught that tre suggeqied plant fer integral wiilisetion of
7100 10 sotmnlly feasidle. However, s preo-inveotoent study, ineluding
pilet plant work and markoeting, is necessary %o oveluate mowe aceurstely
he facters iaflumneing the csecncais Pesults, LR evier o apprepriately
seleet the terms for optinmum operetiion of %he planmt.

Ne svther 1o greteful 0 reef. B. Prise, Pirester, and maay

oslleaguse of the "lastitute do iguquinice y Temslegia 60 Allamtbee”,
fer %helr gmerews belp 13 prepasiag this sasuserips.

ieay pevetas Mve ssatriduted, ¢lther direstily o iadirestly, %
o ther the badhgromd Lafermiien wes which the preommt pager Moo domn
wittes. o 1] of thess pesple the suther alee 10 dosply Ladedred.
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1. K& 0 BMNN

bie 1. = Nygressenie omilidria ot 19°C of rice stared.
fNdle I1. - Nissr csmetitusnie of riee staredh.

fadle I11. = Mysieal charesteristios of rice stareh oo ccupared with theoe
of starehas of sther origins.

Tabie IV. - Gelotintisation temperedure of rice sterch 0o cenpared with
narches of ther origine.

fable V. <« Moting charesteristios of riees mareh ao compared vith
starshes of ther origine.

Subie V1. <« Ligutd saparelica ea Shawing sawses, thichensd with variews
starches and flewre.

Suble TT1. « Musoaptivility of varicus sterches ¢ alphn- end beto-anylase

Sulte VII? - luscharifiesticn of onched starch Yy Ruha-anylase.
Sadie 15. =~ Pricee of wmricns starehes.
Sbie . = Wriese of riee and covn.

e 5. « Pefttadility of o plant fer imtapel wiiliestien Pies,




T

TS 1

! Rygoesepie equilidbeia at XC of riee o

L

R e

Adssrprion

Demsrption

Belative humidity (%, wot besls) (§ wet Neate)

| 20 5.1
{, ) 1.9
%§é o ) 9.4
! “ 12.7
” 19.2
9 24.6
|
| (o) Bote e fyes (1).

e

,0,
9.2
0.9
Mo
16.1
24.8

W
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Niase csmstitusnte of rice M“’
M

Ocantd tuant Reoe stareh  Vaxy riee staved
Proteds (§)(Bx3.93) 0.1) - 0.9) 009 - 0.2
et ( ’ ) 000 - Ooﬂ .00 = 0.12
Ad (%) 0.8 - 0.63 0.1 - 0.0

M
(a) Bete tshen fres (11) (16).
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TABLE I1I

Physicel characteristios of rice staroch as compared with those of starches of

other origins.

Sorptive capacity

e oo R

sise (m)(e) (92 % robe) o) Density X-ray
Surface area (g/oc) pattern
3tarch Range average (os?/g) (b)  Minimum daximus iversge (4) (o)
Norwals ,
Rioe 2-10 4.8 8,000 24,20 25.49  24.84 1.510 N
Arrowroot - - - 26,62 27.42 27.1%5 1.510 ¢
Corn 5-25 15 30T 24.34 24.82 24.5% 1.517 A
Potate . 15100 - 833 .62 32,99  32.%  1.51 B
N - - - 26,16 26,68 26,46  1.494 -
‘Serghun 624 15 - - - - 1.%0 -
gweet potato - - - 25.18 29,33 2%26 - A
Tapiocoa 5-35 20 - '25.22 25,99 2562 1.521  AeC
Wheat - - 1,907 24.34 24.43 24,38  1.542 A
sSaxye
Rioce 28 4.7 - - - = 1.480=1.496 A
Maise - - - - - - 1.480 A
Sorghun 424 - - - - - 1945 A

(s) Data taken from (3)(10)(14)(94)) (»)44.,(3)(11)y (e)id.,(22)y (4)14.,(2)(23)y
(U)i‘o .(12) (1‘,.




TABLE IV
Gelatinisation temperature of rise starch as oospared with starches
of ether origing.

Gelatinisation (a)
Stareh Semperature (oC)

61-78
62-12
56-66
68.5-1%
58,5-70
5263

60=7%.9
Madse 6)-12
S 61.5=14

() Data \aken frem (28)(6).
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TABLE VI

Liquid separation on thawing sauces, thiokened with various starches snd
flours (a) (b).

SR Thickness Liquid separatiocn (o)
'rhiokqﬁin‘ agent of sauce
(line spread) 2500 thaw(X)  100¢C thaw(%)

Comaon starchest

Waxy starobess

Rioce (Colusa variety) 23 45-50 0-14

Corn (small granule) 24 46-61 21

Potato 23-24 50=55 -

Sago 24 50-56 4

Sorghum 22-2) 49-63 13-19

Sweet potato 22 % 10 *

Taplooa 21-26 31-53 0 ;
¥

Rice (Moohi Gome variety) 22 37 [ |

Rioce 28 4-10 0 .

Corn (W K 42 Yowax 1) . 2l=22 17«55 Q- 2

Corn (Amiooa, clur 001) 22-26 49=6) 0

Corn (White) ' 29 48 Y

Sérghun 25 45-59 0

Waxy cereal flourss

Rioe (Moocki Gome variety) 24 0-26 0

Corn (White) 25 38-%0 0

Sorghum 28 51«59 0

(s) Data taken from (19).

(b) Prosen storage: 1-2 months at -12¢0,

(o) Sauces thawed at 25¢C mesched a tnpaatun of approximately 21¢C; sauses
thawed at 1009C resched a temperature of approximstely 93¢C.




TABLE VIl

Susoeptibility of various starches to alpba - and beta-amylase attaok.

~ Starch solubilised Limite of
a)(b) hydrolysic by

beta-amylase

32.6 5847

Cown 49.5 -

Uaise - - 59.1

Potato 18.4 62.6
Sorghum - %0.2 -
Tapiocs 557 -

Meat 48.5 65,4

| by alpba-ar;lnse(%):

-

(a) Data tajjen from (13)

(v) Dacterial alpha-amylase, 0.5 % ensyme, 24 houre’ duntion as %90,
(o) Data taken froa (11).

(4) Bydrolysis of autoolaved starch by barley beta-amylase.
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TAMIA VIII
Sesoharification of eocked starch by Teka-aaylase.'™

Sascharitication(®)rete (£)

S%een preseure
| ' Rice Corn  Potate

2.1 21.0 27.8 18,%
2.8 33.8 28.3 18.9
33 39 32.9 22,9
4.2 4.8 3.5 25.6
(s) Data teken from (20)
(‘) 005 hre.
' f {




TABLE 1X

Prioces of various utmhu.(‘) -

s

France ~
USA  Sweedm Expo,} Import Germany Spain

Starch

Rice  0.22<0.26 0.41  0.48 0.3  0.50.55  0.28=0,31
Corn 0017 0.11 0.09 0.13 - 0017

’0“‘0 0017 001 - - 0020
Theat - 0.16 0.16 0018'0021

(s) U.3. Dollars / Kg.
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TABIZ X

Prices of rice and cm.(‘)

Year Browmn rioo(‘) Milled rioo(°) Broken rioo'(,') | ,ém(')
1965  0.123 0.135  0.09%4 0.057 |
1966  0.153 0.163 0.124 0,058 1
1961 0] 0.2 0.156 0.0%6 I
1968 0,204 0,200 0.149 0.057 |
1969  0.176 0.181 0.112 0.066 )
(a) U.8, Dollars / Xg
(») According to F.a.0. (101).
(o) . » (102),
O |
1) i :(\" Y Y. AV u ;‘
|
O RTUNNRR N ¢ . e s i




TABIE X1

PROFITABILITY OF A PLANT FOR INTEGRAL UTILIZATION RICE

“LANY I AT I1
25,000 %0,000
Ton. paddy/year Ton. peddy/year

1,000 US$

Investamt

Alternative "A" (1)
Coste
Revenue
Profits

Altermative "P (2)
Costs
Revanue
Profits 566

(1) Rice prices 176 UBS/son. cargo rioce
Eigh protein rics foods: )43 USE/ton
Riocs starch derivatives: 324 USS/ton. Plant I) 299 Use/ton. PLANT II.

(2) Rioe prices 148.1 UBS/ton. cargo rice, Plant Iy 158.7 UBS/ten. cerge
rice, Plaas 1I.
High protein riee foodss 285.7 USE/ton.
Rice staroh derivatives: 285.7 US§/son.




12. L18F OF riconss

Pig. 1.~ Bradender viseesity curves of riee stareh as oempared witd
thooe of starehes of other origine. Consentration of starehess
4 g per 00 al of slurry. acecerding teo (4)(97)(98).

Pig. 2.~ Bradender vigsesity eurves of wazy starehes. Conoentretion
of etarchess 40 g per 00 Al of alurry. iecseraing to (4)(97).

Pig. ).~ Iwealling patterns of rice sddrek as sompared with theoe of
otarehes of other origine. Aseerding teo (98)(99).

Pig: 4.~ 3e0lwhility patierns of various starshes. Aceerding te (6)(99)(200).
Pig. 5.- Swelling patterns of waxy staredes. Aceerding %o (4)(100).
Pig. 6.~ Distridbution patterns of chemisal constdtuents in beown rice.

Acesnsding te (96).
Pig. T.= Plant for integral utilisation of rice. "Flew sheet? .

ng. 8.~ Ries Sarch Plast Flew Diasres.

Fig: 9.~ Mmrivatisation Plant PMev Diagres.
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