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1. Thi. paper briafly renew, the pra*ant .tatù, of knowledr. in tha ara« of 
rice rtaroh and rloa rtaroh deridi...      ». oharaeterio., prop.*!.., u—, 

and method« of preparation are d.aoribed.      strerai problem, m markatin, and 
production are diacuwad and po«.ibla .olution. ru^erted. 

2. The oharact.ri.tic. of rio. ataren are d..oribad, diecriminatin, p*wa«i 
Con«on and waxy varietiee.     «,. oharacterirtio. dafinin* th. quality of a 

particular rioe «tarch or rioe «tareh d-rivati*. depand on the particular, UM 

to be «ad. of the* in the paper, textile, adhe.iv.,  food or other inebria.. 
They are therefor, varied, and are da-**** *m ^^ wltfl ^ ^^^ 

u.a. of rioe rtaroh and rioe rtaroh derivativ... 

3. A few of the charaofrirtio« of rloa rtaroh ara highly peculiar but 
«thar. are entirely comparable to thoaa of other «tarche..     All of tha. 

T* i»ly.ad in ordar to ertablitò a aoi.ntiflo .M tachnioal ba.i. for 

oomparinr th. oompatitiva pcition of rica rtaroh in .«* particular rtaroh 

1/ _. 
*»• vitw. and opinion, «xpreaaed i« thi. paper ara the. of the aneli*» —A 

iâ.TU&? ^reduced wltnoet formal editing. ** 



mtk.%. It can be said that rica starch i8f in most of ita properties, 

very .imiUr to that of com and sorghum. Thi. hold» for both, the ooaoon 

and the waxy varieties. 

'•       Starches of difforent origin provide a wide variety of obolo« for 

individual applications, but tt.y are insufficient to cover the very many 

«id specific needs of modern technology. Consequently,  the starch industry 

ha. developed procedure« to alter the characteristic e of the natural 

•tarohe. to meet the requirements for special use«. The derivatives of 

greatest importance in the market are the oationio starches hydroxy.thyl 

.tarohe., oxidised starch, and various oro.s-linked starches. The cost 

advantage held by oorn staroh ha. dominated the market, and be.ide. thi. 

only a few starches of other source.,   such as potato or sorghu«, bar. been 

u.ed for derivatisation prooe.es. Äioe etaroh derivatives, with p.rhap. 

•o«* Mnor exception, are not manufactured on an industrial soal. although 

procedures for their preparation have been patented. The information on 

this .ubject i. soanty. Nevertheless, as it could b. expected, the available 

data do not reveal a particular behaviour of rice starch in derivation 

proo.s..s. On the other hand, the general properties of rioe .tarch 

derivative, do not appear to be ,   sentially different fro» these of other 

««»parable starches which certainly have a great diversity of indu.tri.1 

applications and an ioportivnt market. 

S.       Th. use. of rice starch and rio. starch derivative, are d.eoribed, 

paying special attention to th. important eeotoxeof paper, teitil.,, and 

foods. Th. reo.uir.aent. for each particular UM of rio. .taroh and riet 

•tarch derivativ., ar. described briefly. Particular attention i. paid 

to wwy rie. .tarch a. thickening agent for foo. U8... lt. t*.^^ 

•tability make it .peoielly suitable     for refrigerated and fro.« food. 

Only mm .tarch derivative. are comparable to it in thi. reject. Thi. 

i. an intere.ting advantage a. the price of .tarch derivativ., range. 

gaaerelly about twice that of the raw original staroh. 



S.  from the viewpoint of properties, application«, manufacture and 

suitability for derivati»«¿ion, rice etarch bas commeroial po««ibiliti«s 

similar to those of oorn starch. The mandatory faotor determining the 

conpetitivs position of rice starch and rice staroh dexivativee in the 

markst is t'e prioe of the rice s* roh. Thie is abo« t twice the prioe 

of oorn staroh. It is largely, if not mainly, du« to the price of the 

original cereali rioe is muoh more expensive thau oorn. It appears 

therefore that rice staroh has no possibilities to rompete with oorn or 

other starches if the prioe of rice does not decline substantially. A 

•ore complete and rationalised utilisation of the rioe grain, with higher 

returns in the rice and rice staroh prooessing plants is also needed} la 

this sens«, rio« of fer s urtane advantages over other oereals, which ars 

disous«ed below. 

Î.  The manufacture of rioe staroh and rioe staroh derivatives is 

briefly dieoussed. Commeroial methods for the isolation of staroh invclv» 

the following stepsi a) steeping, b) grinding, o) removal of fiber, d) 

separation of staroh and pro tain, and d) drying. Usual conditions arei 

steeping in aqueous alkalins solution (0.3-0.5 $ HaOH), et room 

temperature, with recirculation, for about 24 hrs. or longer (one process 

nee« only two hours), wet milling, removal of fiber by eleve bende er 

oentrlfugati n, separation of stare > and protein by zentrifugale and/or 

hydrooyclonee end drying by conventional methods (the use of a flash drier 

hae some advantages). ieferenoe to the treatment of waste water la the 

nee etarch plant is made. 

8«  Ine latent methods for the manufacture of the main rioe staroh 

derivativee are reviewed. The exieting information le eoaroe and It 

generally must he obtained from tho patent literature. Prior to 

establishinéT a plant for the commercial production of rioe etaroh 

derivativem, étudiée should be undertaken on a pilot plant scale directed 

to determine the particular oonditione of treatment andthe suitability 

on the different rice varieties. 

RE 
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9.       Th. suco.aful development of improved rie« variety, ha. oponed a 

new ar- of probien,.. Although at preaent the Asian region as a whèle 

hae not raaohed the desired situation, in  eo«e region, th. expending 

output ha. created surpiu.ee. Thi, situation «ru.y be a coupon one in th* 
Bttt fUtUr#- *" ifflP0^t Mtomatv . to  the solution    of the probi«, 

if .urplu. becoae. actually generalised,  i» * expand the doa.etic and 

•Xpert »ark.t for rioe.   In  this conation, improvement of equip.«* 

«d technology i. a neo.ssary atep. In this context, it i. very likely 

that a change i„ quality standards of both the local and export »ark.t 

will occur.  The demand for hißh quality rioe i« expected to increase, 

that of rio. for .peoifio u... aleo. Con..quently, new and «»ora profitable 

alternativ., are expected to be needed to expand the «ark.t for rice, 

particularly for «edium and low quality rioe. Bice starch processing 

industry can have an portant role in this respect. W ars, however, 

«veral aspect, to be taken into consideration, beside, the price of th. 

rioe, consented above, ilr.t, sufficient quantitie. of rice have to be 

produced'to »e.t the domestic food neeas,  Second, th. nutritional valu, 

of rie. Bust be used to feed rice-eat in* p«nol* adeouatsly.     Äot ^ 

enough quantity but eleo good auality rio. ar. needed in th. diet to 

»olr. scarcity and aelnutrition. Industry processif of rice to beneficiai, 

•taroh doe. not allow to recover the nutrient, of th. kernel, in their 

whol. valu., for humn food. Thi. i    regrettable whsn well balance 

ration, ar. »..dad. On th. other bund, the., nutrient., along with ot,ar 

•oocapanying non-starch constituent., ar. largely r.spon.ibl. for th. 

difficult., «rising during th. starch isolation proos... 

!*•: 

10.    tart *«.!*„ „ th. dl.tmutto» of cW«! .on.tltu.t. » m* 
«.. ri,. *«*.! „. Acm n„ .,,„„„„ tot th# utlUwMon of ^ ^ 

a. to.• no. tMd «, .. t^v^ut b, *«, „a,,, ta ttMe 

porti«, of ,ult. dl«„»t .«,o1U,„. ». mXmBmt m,t .. it u weu 

*-*. U rich u prctrtn. „d yltMlni> but ^ ta ftbw ^ 

UU. It. «lue .. «tu. f.* u IMpllrt| «^«„.rt,^, „^ 
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and it ahould not be wasted, particular v  •     .»      - 
rio. i. th.    •      - Wticularly xn developing countria. «her. 
no« i« th« atappi e food.   Finally *h« + M^  />      L 
1. »«u.«     „ Tachion or residual nuclau. is practically    staple and     ^  -, • •"•»*•»» 

coarasroial  isolation of rin. .•      u 

of -.. „.    „ • A Plant f0r th« iBt^«l utili„tl0„ of «.. ta.* o» th.« prinoipl.s u ^ » 

— ». -v po„1Me rt0. pPoduct„ t0 „„ Ui" " imrea"' 
AM,    . pe 0Dt*in©d,  besides rie« starch 

indi«tln(r the équipant to„ „e 00mp0,e(i rf# 

11.     ». P*omaMmy of th. plant f„ ^^ ^ 

wh« ......ing th6 W0Boaiat of th# piant< ^ iitter^ 

~. o«.U.r.d. In tt. flm me (llurnative A) th# priM of 

Pr..«t Prie. x. - SMOnd ono (AIt.rnaUve B) tb# priM ef 

». prio. ui^ oo.p.titive pric„ of alI th< 

«.   ». .u„..t.d to» for int.^: uttllMtlon of rta# appw< 

« fTW" H0W""' * Pr-inV"^ —" *—^ Pilot punt 

itfi^Mu th. .oo»«io. .f th. Pl»t »a .pproprl.ttó, ,tì,ot tt# 

opti«» operatiiiÄ t«m». 
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1- ffiiim FroTT* » »iat OTABCH ^ BIC1 MA*ffl «gVA«¥M. 

1*      lie« etereh la obtained froa the a—à of "Oryae attiva" a« a dry, 

«lilt«» luetroue, free flowing powder. It 1« ooapooed of polygonal in 

ebap«, uaually 5-*id«4, granulée «1th a oentric hllua. leturally 

eaeurring e««pe*»d graine are eoaetlaee d«t«et«d, tb«y bar« «a angola* 

entila« and oontaia Individual granulan n«parated by etroe». In addition, 

ri— atarea greavl«« aggregated lato oluntara ara frequently found in 

mianUlIj available eaaplee, generally du« to inappropriate proo««eing. 

Cava«« of aggregation ara eurfaee galatinisetion of granulée durine ta« 

drying pro««M er alkaline gelatin? Kation during the •teeplng and 

eeparetlag «tage«. The preeano« of olvenpe nay inpair the prepertlee of 

•tare* for epeelfio ueee -euoh a« a dry duaUng powder. Cluape any give 

nan - hoaageaiwa yaatee. In eone eeeeev aaaoaiation of granulée nay be 

aeoeeted* alteeuga a« an indication of a deairabl« inoipiant 

galatlaleatlam. 

2.     lu« variation are divida« into two «ala olaeeeet ordinary or 

( ta« rleee «f «arid iianiroo ) and waay. The »tarebee they oontala differ 

BddMMIÉBifa •MMMM •HE 
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aark»dly in thair oomposition, prop«rti»s snd us«»> and th«y ar« d»alt 

with ««parataly fro« this ti«« forth. 

3.     Çoanon rie« «trote. Bioe starch granula« hav« th» »«all»»t sis« of 

ordinary starob««. Th»ir partici« «ia* distribution oomprl««« • continuous 

rang« of «is«« from lass than 0.5^ to 13 A (1). Starob saapla« of Indica 

and Japonioa non - waxy rio« varioti«« bar« b««n found to bar« sowsAat 

different averag« si»««, tb«y ronging fro» 3.9 to 5.7^  «* *«* 3.Ö to 

4.3/1 M r««p«otiv«ly (2). Bio« «taroh granulas bar« tb« bigh«»t surfaos 

ara* of oosoon starob«s ( about 8,000 oatyg.), «d th«ir spwifio gravity 

rang»» froal.4435 to I.646 (3). 

4.     Tb» pH of ooaaareial rio« starob fr«qu«ntly is slightly alkali»« 
j 

du« to un«o«pl«t« r«tJoral of tb« «t««ping liquor. A« r»port»d by Sohooh 

(4), it i« not pbjaotioaabl« for nost of its us«». In tb« starohing of 

fabrios» an alkali«» pH i« dasirabls a» it favour» disparsion of starob 

gramil•• in «at« and d«cr«as«s tb« tandeney of etaroh to ««ttl«. I» 

ooaastios, «à«n rio» »tarob is us«d a» a fao« powtíar, tb« low alkalinity 

aay h«lp to oount«rnot th« aoidity of akin. Ho««varf in SOB« oas«s, suoh 

as «niyado oonrarsion of starob, alkalinity should bs n»utrali»«d. 

5.     lio» starob granula» ( nonnswsy )  »bo« aod»rat»ly r««triot«d 

«vailing and »olubility whan haat«d in «at«r. R«port«d valu»« ar«, 

raapaotivoly, 16.3 •«•*. »•• i ** 85«C (3) »ad 19.0 and 18.0 % at 92«0 

(6). Tb» galatiniaatiom and pasting oharaot«ri»tio» of riot «tarob ar« 

d«p«nd«nt upon rio» variety. Tb» g»latinisation t»ap«ratur* rang»» fro« 

55§ to ?8»C (3) • Du« to tb» low birafringsno« of tb« rio» starob granul «a, 

us« of tb« B.B.F.T. ( bir«frlng«no« and point t«ap«ratur» ) t«ohniqu« is 

not always raliabl» for tbi« puxpos». Tb« anylograa r«v»als a «odorat« 

paak visooaity, a aodarat» stability on oooking, and a pronou»o«d t«nd«noy 

to retrograd« for tb» non - »axy rio» starob (4). (»•• »it* l)»«Moh 

fon» t«ndar opao.ua gala. 
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6. amylose oontent of rice starch varies greatly with variety, usual 

rangea being 11-37 $ for the non-waxy type, although wider limit» have 

been reported (3). Corresponding iodine binding capacities are 2.08-6.99 $• 

7. Rioe starch, ae other starches in commerce, con taina water and 

minor amount* of non-starch constituents. The water content is dependent 

upon the temperature and relative moisture of surrounding atmosphere. 

Sohierbaum (7)  determined the hygrosoopic equilibria of rioe starch at 

20«C for different relative humidity levels» obtained data for adsorption 

and desorption oyóles are shown in Table I. The non-starch constituents 

of commercial rioe starch, frequently oalled "contaminants» f are protein, 

minerei matter, fiber and fat. The level of "oonteminants" is dependent 

on the effioienoy of the staroh isolation process. In commercial praotioe, 

the maximum contaminant levels use to be abouti 0.5 i protein, 0.1 $ rat, 

0.5 * ash, and trace» of raw fiber. The range of variation of relues 

reported in the literature including laboratory and oonmsrcial »taroh 

are giren in Table II. 

8.      Protein oontent is used in praotioe as a criteria of purity of starohi 

it indioates the extent to whioh the individual granules have been 

separated from the proteinaceus matrix. High protein level« may affeot 

the properties of starch, such as increase the turbidity of it» paste*. 

Fat oontent also depends greatly upon the isolation procedure! rioe fera 

aad rioe bran are rioh in fat and oan easily contaminate »taroh. At the 

relatively low moisture level of dry staroh, high fat content» develop 

undesirable flavors. Difference» in fat oontent have eleo been attributed 

to the mature of »taroh, on the ba»i» of the results found in samples 

from Japónica aad Indica varieties, the fat content of which ranged 

from.0.4 to 0.8 f in the former and from 0.1 to 0.3 i in the latter (o). 

Thé «mount of ash is of lesser impórtanos as a guide to quality. 

9.     Other eharaoteriitie« of common rioe staroh are described la Onestar 2, 
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10«  Wmxr rioe staroh. It oontains praotieelly only amylepeotln. aaylos* 

oontente ranging from 0 to lest than 1 % are generally found, although 

higher figuras have bean reportad (3)» Differences between the waxy and 

the non-waxy etarohes are largely, if not mainly, due to the saylopeotin 

oontent. The granules of the two kiMds of starohes are alike in sis«, 

•nape, total surface area, ana speoifio gravity (3) and show the sane 

birefringence and X-ray diagram (9). ataron granules fro» waxy riot 

swell moro freely in hot water than non-waxyj  according to Leaoh (6) 

their swelling power and solubility at 95aC are 56 and 13 £• Their 

gelatinitation temperature range is 6Ot.75.39c (3) somewhat narrower than 

that of common rioe ataron, although of similar level. Their pasting 

characteristics are, however, markedly different. Waxy rioe staroh 

exhibit» through the amylogram, high pasting peak, extensive loes of 

viscosity during cooking, and very little tendenoy to retrograde 

(eee Fig« 2). It foras olear pastes, stringy and oohesive, as typloal in 

other amylopeotin starohes. Its most outstanding oharao tari etica ii, 

undoubtedly, the great stability of its pastes toward prolonged oold 

storage and toward freezing and thawing. Sohooh (4) reported that 

aqueous 5 $ p&stes of waxy rioe staroh show no synesleis until after 

20 freeae-tnaw oyolee, whereas other waxy starohes suoh a« mai se and 

sorghum are stable for only three. This property makes waxy rio« staroh 

specially use *ul in the food indu«t r (see Chapter 4) 

11 •  **«• staroh derivatives. Saturai rioe a tar oh, as •tarohes of other souroes, 

•ay bs prooessed into a sortes of derivatives exhibiting a great diversity 

of   oharaoterietioa, with whioh a wide variety of industrial sad food 

«ma« esa bo covered. A staroh derivative is defined as "a ohemioelly 

modified staroh in whioh the ohemioai struotuve of eome of the fluoete 

units baa been altered- (El). This definition includes esteva» ethers, 

oxidised starohes, graft-oopolymers and oross-llnked starohes. It doss 

not oomprise the aold-aedified starohes, whioh repressnt »per se4* a field 

of great interest. Bios etaroh derivative« are characterised by ths 
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«»ture of their chemical modification, degree of modification, degree of 

polymerization and physical form-granular or pregelatinized. Nevertheless, 

the properties and specific applications of rice starch derivatives are 

not dependent only upon these oharar teristioo.  3ince ~ice starch is a 

natural polymer, it is subjected to varietal and production variations, 

which may affect the results of derivati za tion. Therefore rice starch 

derivatives are better characterised if their solubility, water absorption 

properties» behaviour on cooking and on subsequent cooling, and appearano« 

and texture of pastes are properly described. 

12.     On the other hand, the characteristics defining the quality of a 

particular rice starch or rioe staroh derivative depend on the particular 

use to be made of it in the paper, textile, adhesive or food industries* 

Due to it, these quality requirements for rioe starches will be better 

described in Chapter 4* 

?. A qftTfl^TiT» cCMPARIflQN OF RICE 8EABCK WITH OTEBB COMPARABUB 3TABCH18. 

13.     Maturai starches differ quite appreciably in their characteristics 

and propertic i and have consequently  various advantafc <• for individual 

applications. However,  starches fron different origins are used 

indiscriminately not only when their individual characteristics are 

identical but also when, these being somewhat different, the mandatory 

properties determining their uses result to be equivalent. 

14*     Hioe staroh has some highly peculiar oharaoteristioe. But It has 

some other« which art entirely comparable to other starohss. It is 

convenient to analyse all of them» in order to establish a scientific 

and technical basis for comparing the competitive position of rioe 

staroh in each particular staroh market. Because of the noticeable 

differences between common and waxy starches, it is advisable to do the 

present comparative study discriminating both groups. 
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15.     PTirn ' |t«o^»» A« mentioned above, rio« staroh haa the availest 

granulée of any of the common ooameroial etarobea (Tabi« III). Out of - 

these oorn and sorghua ara the more alika in «ist to it* There ara» 

however, grct dlfferenoee lu tûa t«*al eurfaoe araa eaong the three 

»terohey, aw indiuatew iy a rou&a iuUo of 2.5tltl. These differences 

ara of Importano« in rala ti on to sona industrial applications (••• 

Chapter 4). Differences in apooifio gravity are »mall, oom granulie 

baiaf the no st heavy of the three starches and sorghum granules the 

least. J* shown by the data given in Table III,   commercial starohea 

differ in their water vapor sorptive capacity. The differences among 

the oareal starohee are snail, rioe, corn and wheat having the lowest 

sorptive capacities (at 92 i relative humidity). 

16.   The gelatinise tioa temperature of rioe »taroh i e high as Ifmpirti 

with other common oommsroial »tarohes (Tabla If). Only «hat of sorghum 

is oonparable. That of oorn is eomewhat lower. The gmlatinisation 

temperature range of rioe ataroh also i a larger than that of oorn or 

sorghuB, undoubtedly because rioe starch is markedly af acted by variety 

whereas oorn and sorghum are not. The heat of galatiniaation of ataron 

in water increaees in the order of increasing granula nina and decreasing: 

gelatiniaati i température (11). Ce ssqusntly rio« s* won hai a low 

value (5.7 oel./gluoos» unit /¿)) »» ooapared with other star oh» s. Ones 

mora nais« and eorgnun are acre sinilar to it than other üOSSPC starches. 

17.   Whan an aqueous suspension of starch is heated to progressively 

higher temperature, the granules imbibe water, swell and liberata a 

oartain amount of solids, lach spsoies of starch granulée behaves 

sosewhat differently. Sice starohj swells rather slowly 1 the outline of 

its granules renala« relatively visible and dlstinot even when ocoked 

to high temperature*. Its swelling pattern is shown in Fig. 3 as 

with other ooamon starohee. It oan be sten tant com ana sorghun exhibit 

patterns entirely sinilar to that of rioe, while other starohso -> tao 

tubar etarohea -   behave quits differently, swelling very much freely« 
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The amount of solid« passing tc the cooking water increase» proportionally 

tö•••'¡the- increase in volumej rio«, corn and eorghum show ^gain similar value« 

(Fig. 4). 

18«   The behaviour of staroh durii    pasting, oooking and oooling is of 

the greatest interest as it generally determines in a major part the 

uses of starch. Typical amylogroms of rice and other oomtnon starohes 

are given in Pig. 1« It o*n easily he observed that, with only minor 

exceptions* rio», corn and sorghum starches exhibit fairly similar 

behaviour. The peak viscosity irrespective of th« temperature at whioh 

the pasting peak ie attained, is moderate and practically the same for 

the sanee starches. The same happens with the ease of cooking, as 

indicated by the relationship of the viscosity at 95flC to the peak 

viscosity, as well as with the stability on oooking given by the 

viscosity after 1 hour at 95*C. The latter property is of speoial 

interest in relation with pressure and jet oooking, a usual praotioe 

in modern technology. The three starches have also a prono uno ed tendènoy 

to retrograde when cooled to 50 «C. Finally, the stability of the oooked 

paste toward shearing, desirabls when the paste is to be agitated, stirred 

or1 pumped during processing^ is fairly good in the three oases. Other 

starches, particularly tuber starci*»*, exhibit quite different behaviour. 

19. •' transparency and clarity of pastes, gel strength, and frteie^haw 

stability are other important properties of starches; Production of fmuit 

jams, gum confections, and precooked frozen foods are examples of uses 

requiring appropiate sel so tien of these properties. Aqueous staroh 

suspensions are opaque, but they become more translucent as temperature 

inotwaaea. The various raw starohes give characteristically different 

transparency/temperature curves. Bios and corn pastes have poor li gut 

transmission as compared with others,  ouch as potato, tapioca or sweet 

potato (16). Generally, light réflectance is ot greater interest than 

light transmission, because it is related tè visual estimation of paste 

clarity whereas the latter is not. Bios, com and sorghum   form 

*a*,—k"-J"  •—- - - - - -•'— •-—-   - - -— ^.^ha^anfan,,^^ 
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opaque pastes whereas potato and other tuber starch gir« pasta« of higher 

olarity. 

20.   Staroh polymère, particularly amyloae have a prono uno ad tendency 

to associate by hydrogen bonding ani, at high oonoan trat ione, fora gela« 

Ih« gel strength is dependant on the extent of cooking the sterol 

undergo during gel preparation, and on the staroh itself. Osman and 

Mootsc (18) investigated the effaots of both variablee on pastes of rioe 

and other starobes having similar maximum vieooeity and found that oereal 

starohes give stronger gels than tuber starehea. They also found that gel 

strengst increases «1th cooking time and in the order rice,  sorghum, oorn 

and «heat, but with prolonged oooklng a reversal of trends occurs, it 

appearing earlier for rio« and wheat than for oorn and sorghum (Table V) • 

I i 

21.    Storage» particularly oold storage« and freeling result in increased 

tendenoy of staroh aoleoules to assooiats} the staroh losses its water- 

holding capacity with separation of watery liquid. Common (non-waxy) 

starohes -rio«, oorn and sorghum inoluded- are extremely susceptible to 

oold storage and freeaing. Data of Hanson et al (19) given in Table VI 

show the separation of liquid upon thawing froaen sauoes thickened with 

various starohes after 1-2 months storage at -12tC. It will be noticed 

that about one half of the water content is released when thawing at 

25*0« leteation of water is improved when thawing is at 100 tc. 

22.    finally, other properties auch sa the susoeptibility of staroh to 

alphar end b«te-amylalysi.« and the thermal decomposition, may bo of 

interest la relation with some industrial applioatlons. Leach and Bohooh 

(13) Investigated the solubllicatlon of various granular atareaos with 

bacterial alpha-amylase and found that potato and arrowroot wore the 

loner« attacked, tapiooa the most susoeptibi«, ooan and sorghum (49.5 tad 

90.2 $ Sftlubillaed respectively) were near to tapioca, and rioe (32.6 $) 

«mm moderately raaietant (Table Hi). However, alpha-amylolyais of oeoked 

mm 
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starohes ndnimiaes the differences as shown by the data of Otani and 

Takahashi (20) given in Table VIII. Please disregard absolute value« 

whioh are dependent on experimental oonditione and are not comparable 

to those «Iren in tue prevloue table. The important ooneideration i« 

that rioe and oorn starcboe, when rooked, are attacked q.uit« oomperably 

by alpha-amyi*ee. The limi*« of beti-amylolyais of autoolaved samples 

of rioe and maiee starohes also have been reported to be praetioally 

identioal (5Ö.7 and 59.1 #, respectively, Table VII). 

23.    Cerniani (49) reported data on the thermal decomposition of various 

natural starches. Hio« and oorn starohes (with 12.63 $ and 11.10 $ M.C. 

respectively) underwent sharp losses in water oontent at 170§0 whereas 

potato «taroh did it gradually, showing defined looses at 160 te. Tao 

tbroo starohes developed browning with heating, but potato did it 

faster and to a greater intensity. Maximum dextrin yields wort 83.26 f 

for 00» »taroh, at 170»C, and 77.34 i for rioe starch at 180«C. 

24.   w*~ «t*goh—. The oharaoteristios and properties of waxy »ico starch as 

oompered with those of other waxy ear «al starohes are give« in Tablos IX 

to TI and Pigs. 2 and 5. The examination of these data reveal» "that, mito 

the oxooption of the fret»«-thaw stability, rioe, sorghum and oorn hmvt 

fairly »imilti? proporties. The swel. ing power also it «omewhai difteromt. 

tloe staroh sorbs water aore rapidly than «orgbum otaroh (fig* 5) • *»• 

golatiniaation temperature of the three starohes i» «imilajr, although th« 

rango of variation ia larger for rioe staroh (Table I?). A« reported by 

Sohooh (4), the three oited starohes show a similar behaviour in th« 

Brabonder amylogreph, with a high maximum vi eoo ei ty, extensive loom of 

visoosity during oèoking, and roduood rétrogradation tendenoy (Fig. 2). 

Almo, the past«« ar« olaar, «tringy and ooh««iv«. In oontra«*, waxy «!•• 

«taroh has much greater freeae-thaw «tability than waxy 00», wax* sor gaum, 

and other «taroh«» (4) Cl8) (If) (48) (Table fi). Thi« propmrty «oaf«arm to »lot 

some advantage« over other starches both of the oommon and ta« <mmm7 

variati«« and make, it «mptolaUy mutable   for ****** *«* 
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\. BMCHIPTIO» OF BICI aiABCB MMIVATIV1S. 

H 

lì:- 

?%   Starobao of different origin provld« a »id« rariaty of obolo« for 

individual Applloationa. but thay *»r« in«uffioi«nt to oorar tba Tory 

•any and ap«olfio n««d« of aodorn t«ohnolofy. Con««qu«ntly, tat oU~ob 

industry bas davalopad prooaduroa to altar tb« cbaraotariatiaa of ta« 

natural atarob«« to a««t tb« r«Quir«n«nta of «paoial and uaaa* Quit« a 

lar^a nunb«r of aodifi«d atarobaa and atarob darivativaa bar« b«aa 

pr«par«d, but only a oonparativ« few bav« found ganaral uaa. On tb« otbar 

band, rioa atarob derivativa« • witb parbapa only «one ainer eaoeptioa, 

ara not aanufaoturad on an induatrial aoal«. Tb« «oat advnataat bald 

by oorn atarob (aa« Cbnpter 5) &•• déminât« tb« nark at and eealdaa tai« 

only a faw atarobaa of otbar aouroe«, auob aa potato or aarabva, bava 

baan uaad aa otartlbf raw natariala for aodlfloatioa or derlratlMtioa 

prooaaa««. G«ns«ouently, open information on rio« atarob derivativ«« 

la aoaaer« Prooaduroa beve baan patant«d in whiob rio« atamb amy b« 

uaad« Tbaaa ara nantionad latar on in Cbaptar 6« lut tala infornati«! 

oovero a lini tad araa. lnat tba fanaral prop«rtl«a ef rioa etareb 

derivativas ara not axpaotad to ba aaaantially diff«rant frani tanna ef 

tba oorraapondiBc oorn or aorfbua dorivativee, i a indina tad ay tfea 

following faotei a) tb« tbr«« natural atarobaa ara «lib« in nany ef tbair 

proparti«a, b^ dariTatisation «auaaa apooifio nodifioationa In tb« 

obanloal naturo of atarob and aonaa%ttoatly brin4pj about ap««ifi« 

quali ta tira obaages in ita properti«e, tb« axtant of vblen ana ba 

«oatroll«d by adjuatin* prooanainf ooaditiene» and a) tna ananty 

infomntion on rioa ataron derivativo« dn«a not reveal   n pajrti«nlar 

bennviour of rio« «taren in derivati latían proseases, àI inrtlifly, In 

tba pranant Cbaptar» rio« atarob derivativos ar« danoribad fina a 

fanaral ri ««point, vita tb« pria« purp««« to ana« np tan ansa* alterai *y 

of "»aw* propartiaa, nui tabi a fat "non* nana» tant riña 

fcv« 
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alkali«« eqaeoue solution for low degress of substitution or la pyridine 

for higher degreee. Tb« granule» of a low D.S.   starch aoetate do not 

differ appreciably under th« moro oooys freo the parent etaroh. Staining 

witk anionio or oationie dyee will neither «how any difference. Th« 

solubility of «taxob ao«tatas is dependent upon th« D.S.  and th« D.P. 

Undegreded et*roh aoetatee sr« eoluLie in relativ sly *'ew solvants, whioh 

include only baos« of a polar natura. Degradation increaa«« water solubility, 

Starasi acetatoo with aoetyl contenta up to 15 j> hav« b««n reported tè b« 

eoluole in hot wat«* (50«-100*C)i products with higher aoatyl oontant 

(40 % or aors) ar« insoluble in wat«r but soluble in various organic 

solvente. Aò«tylatlon lowers the g» latini sa ti on temperature and increase« 

the hot peak rieooeity, diaper sibil i ty by cooking and sol olaxity. 

ieetilation also minimises the tendency of etaroh to retrograde. Cloudiness 

and eyasresi« ooourring in aqueous dispersione «v«n of waxy etaroh«« oan 

thus be «llalaoted. This is one of the properties of oowraeroial iaportano« 

of eterea aoetatee. Â« lew D.S. 1er «Is ar« euffioient for it» staroh 

aeetatee in uri—srne are generally leee than 0.2 D.S. (5 $ acetyl). Muoh 

of the work en high D.S. etaroh aoatatee bae been di reo ted to find a 

eubetivut« for oelluloee aoetate. Filas of greater olarity, higher gloee, 

•oro flexibility, largor elongation before ruptuv«, lesa cracking tendency, 

and eaaier eolubisity la water than the parent staroh hare boon prepared 

(25)» It baa «loo boon proved that both etaroh fraotion« produo« olear, 

tienen lili, 1 ««troue filmt-, although only aaylose give fila« of high 

temoli« strenght and good extensibility. Similarly, staroh aoeUtee giro 

sjoulflori produote whioh «re olear, transparent and brittle, where*« amylo«« 

se ote tee aar be moulded iato strong and tough pUstios (16). Therefore, 

highly substituted etaroh «ad smyl opeo tin aoeUtes «re of low ooamerolsl 

latieall la oentroot, highly eubotituted asirlos« aostata« oould bo of 

high latere** prowided « low ooet row amylo«« would be arailabls (25). 

51. of «toroh.   Th« phèsphate derivativ«« oro tho «oet 

of ttio m*Wl xeathntes «ad sulfates aro of lessor iaportano«. 

mm 
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Ths xanthates   «re the 3-metal  i»Hg of the O-egtera of thiolthiocarbonio 

acid. Cereal xanthates have been developad using a procesa involving 

starch or flour, carbon dieulfids and sodium hydroxyde. These oereel 

pulps oan be oxidised to the xantbide and combined with wood pulp to 

tnhanoe both dry and wet strength of paper and paper produots. However, 

up to now, ewiroh xantbates have no. achieved commercial importance.(26). 

On the other hand, sulfate esters of staroh appear to be available at 

the market. They form highly hydrophilio sols of exosllent stability 

toward cold storage and freesing. However although there is some indioatáon 

that staroh sulfatas are nontoxio, their use in food is ao*   permitted. 

Staroh sulfates possess anticoagulant and arfilipemic activities, as well 

as some antipepsin activity. Information oonoerning this and other 

properties of staroh and amylose sulfatas has beeu compiled by Bob art. (21Ï. 

Í?.    staroh phosphates may be classified into two groupst the »lapis 

ester, fornmd by the reaotion of the phosphate with a hydréxyl grouping 

on the staroh aolsoulc, and the di- and polyesters, formed by oro. al inking 

between two staroh molecules through a phosphoric group. Aooording to the 

degree of paosphation, oold water swelling (0.07 D.S.) or oold water 

•olubls staroh Bonossters (O.4-I.O D.S.) oan bs prepared. Th. aonosstsrs 

foni long, oohe.iv. pastes of higher visoosity, grsater clarity and lower 

tendency to retrograde than those of ths parent staroh) these partes have 

remarkable stability toward prolonged oold storage and toward freesing 

«ad thawing. Alkali metals deoreaee. the visoosity of the pastes and 

soluble salts of polyvalent metal, precipitate the staroh fro« solution 

(27). 

«.    C'««s-w«dad dimtarch phosphate esters hare different characteristic. 

•ad properties. Thee, are better described in the next see ti on, as they 

•rs a particular olas, ef oross-bonded atáronos. 

'••* 

BssmssSsmawsBss 
.•#; 
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o. çHoashBorogp STARCHES 

M»   In groara!, oro »»-bonded or oro ««-linked star oh«« or« formed when 

starch r«aot» with polyfunction«! compounds with more than on« «roup 

oapable of reaction. Cross-linking may bs intermoleoulai* and intramolecular 

in type. In thu former case a marked ¿norease in the average molecular 

weight result« (28). Cross-linking in the granular starohe« reduoes 

swelling and causee a higher resistance of the granule structure to 

disruption. This -and not the higher molecular weight- i« the reaeon for 

the higher paate visooeity of cross-linked starohss. The amount of cross- 

bonding has profound effoots on water swelling, solubility, gelatiniaation 

temperature and visooeity, At low degrees   of cross-bonding, high visoosity 

past«« are obtained, A« oroe«-linking inoreaees, paste visoosity inoreaees, 

reaohee a peak and then decrease«. At higher degree« of oro««-bonding 

gelatinisation in boiling water oan be prevented. Extremely low degree« 

of oross-1 inking oauee remarkable ohanges. As low as on« oro««-linking 

per 104 D-gluoose unit« may bring about a marked inores«« in parte 

visoosity of granular (oorn) ataroh (29) ) the oroes-linked granules «well 

but do not rupture easily on oooking, forming a past« of increased 

visoosity. As low a« one oro««-link per 250 D-gluoose unite may prevent 

«welling of (maire) etaroh in boiling water. Cross-linking aleo inores««« 

stability to «bearing action and resistano« of ataroh to acid hydrolysis. 

Appropriât« oroas-linking result in cros«~bond«d starches «blob bar« 

remarkable stabilities to long and4igh pressurs jet oooking at low pi 

(30) • Cross-linking also reduoes the tsndenoy of starch paete« to 

rétrogradation. 

V>.   Amylopeotitt   »taroh peat«« have several disadvantagee limiting their 

use in the food industry. These are partly its low stability to «•••ring 

apt ion, but mainly its cohesive stringy nature. These dlsedvsn»«msysT« 

easily overcome by ohemioal «ross-bonding, one cross-link per several 

hundred gluooss units being sufficient. Cross-linking also improve« 

stability towards asios, but ¿oes »At impair other dssirsbls properties 

of waxy «taroh««. 
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33. OXIDIZED STAJRCHJS 

V>.    Dialdehyde atarch. Periodic aoid oxidation of etaroh produoea dialdehyde 

ataroh. The periodata ion reaota with the 2,3-glyool group of the D-gluooae 

unit, oleavi g the C?-C5 bond and i rming two carbonai groupa. Part of 

theee groupa are free but other appear to be in hemiacetal linkage with 

priory alcohol groupe and in hemialdal linkage by reaotion with water 

(31). Dialdehyde etaroh is a fino powder which etili retaina acme of the 

microaoopioal characteristics of the parent staroh. However, it ia not 

biréfringent neither giveo color reaction with iddine, and haa few of 

the physical and ohemioal properties of the original product. Dialdehyde 

etaroh forma condensation producta with proteine whioh undergo hardening 

and become reaiatant to putrefaction. The tanning «ad adhesive industry 

make use of it. Dialdehyde etaroh al*j reaota with polyaloohol» forming 

aeetal #*oupa. Tbie property i a uaed to impart wet and dry strength to 

paper. 

37.    Hrpoohloritewoxxdiaod atarohea. formally they are preparad auapending the 

•taroh in water and tTaatirg i» wi+h alkali»* codium hypochlorite. The 

oommeroially available produot le a granular powder, extremely white if 

preoautiona have been takon during drying, aa it ia highly sen ai ti ve to 

heat. The mioroeoopio appearance of the granule» ia little altered 

although some fissure» and fragmentation oan be detected. The birefringenoe, 

aa well aa other oharaoteriatios of the untreated granule much am the »«my 

diffraction pattern are retained. However the alkaline kypoohlorite 

oxidation brings about changea in the oheoioal mature of etaroh. Soma 

oarbomyl mad oarbonyl groupa are formed and mom« rupture of the 

glucopyranoee ring ooourai einultaneeusly & number of glyooeide linkagea 

are broken. The extent of ohangea la dépendent upon reaotion donditione, 

the pH Völlig an operativo factor. Hypoohlorite-oxidised atarohea have lower 

gelatiniaation temperature, hot paste viaooaitjr and tendency to retrograde 

than the parent atarea» On cooling, their pastea aro of greater fluidity 

.reqr&ä ^^mr-r^iesa^ ¿¡.-^¡^ìOS^^^SS^H^.^: 
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and clarity than those of the untreated ataron. They form clear, soft 

gels. Oxidised starch films are of a tou^b and horny oharacter in 

comparison with the extremely brittle films of unoxidiaed s tar oh. 

4. Dg3CRIPTI0B OF TBS DIFFEBSHT USES POH HICE 3TARCH AHD RICE 3TABCH 

DBRIVATIV£S. 

Paner industry 

38.   The use of staroh and starch derivatives in the paper industry is a 

subject oovered by Hissen (32) in a reoent work. An attempt is made here 

to briefly describe the most important uses and the staroh products 

utilisa**.There are four main areas of application of staroh in paper 

making. These aret wet end» sizs press, calender stack and o oat in«. The 

application of starch at the wet end of the paper maohine is intended to 

improve the strength and appearanoe of the paper. Nissen (32) defined the 

ideal wet end adhesive as that giving maximum strength and appearance 

improvement with maximum starch retention and minimum cost along with 

no deleterious side-effects. Potato, tapioca, sorghum and oorn starch ss 

have been used but oxidised oorn, ana particularly oationio oorn and 

potato» and dialdehyde oorn starches ars preferred beoause the improvement 

they bring» respectively, in dry and wet strength. Pregelatiniced starches 

have been gaining »cooptano«. Ho single staroh is equally suitable for all 

gradeo of paper. For the ooarse grades - kraf-f wrapping and bag paper« 

for inetanoe - oationic com is suitable« For fine grades - ledger paper» 

tor instano« - lightly oooked native pearl staroho« are used* For high 

density «toots» oxidised staroh«« are highly effective, acting also to 

inorea«« the effectiveness of rosin «is«. 

3f*   Va« «min purpose of sise press application of staroh 1« to iapror« 



- 16 - 

writing and printing oharocteriatioe. For surfaoe oí zing applications 

snsyme-oonverted, oorn and to lassar extent tapioca, p£eto and wheat 

atarobaa and oxidized and hydrox/ethyl derivatives ara used. The mill 

equipment and the properties desired determine normally the type of 

ataron to be used« Requirements range about 2-1? £ solids, 50*-70'C, and 

10-50 ops (Brookfield, No. 1 spindle, 20 rpm)(32). 

/|n.   In the calender «taok a staroh film is applied to improve surfaoe 

oharooteriatioa. The type of starch to be applied varies with tba fiber 

furnish, machine conditi on a and end use of the sheet. Thus, for heavy 

weight papers and linear board, staroh that sets up rapidly is required 

whereas for cylinder board«, a low-viscosity starch with good film 

forming ability la dssirable (32). 

41, adhesive requirement« for paper coating have been described also 

ay Hasan (32). Out of them high adhesive strength, «table viscosity 

and no side-effects on paper merit to be oited. Sever thai ess, adhäsive 

requirements are dependent on oca ting meohinery and individual prooedurse. 

Starohas uaad are variedi hydroxyethylated or oxidised products are used 

in brush coating, ensymc oonverted pearl corn staroh in role ooating, 

oxidised or eneyme*oonY«rted oorn staroh in air knife coating« sad 

oxidised, hydroxyethylated, and eneyme-oonverted com starches for 

trailing blade colors. 

42. lice starch derivativas having high water resistane», prepared by 

reacting staroh with mothyloleted uraidopyriaidones, have been olaimed 

to ba useful m paper ei«ing (33)* Also,   polyaorolein derivatives of rico 

starch, useful as water-resistance adhäsives in the manufacturo of 

laminated fiber board and corrugated cardboard, have bean patented (J*.). 

A survey of the literature on starch adhesivos with applications for the 

paper industry has been reported recently (34). 

•MM 
I s^^prsaasa 
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Textiles 

4^.    Staroh ana starch derivatives are used in sizing, finishing and 

printing. The largest consumption of starch is in sizing. Yams are 

sized to improve their strength and abrasion resístanos* also to reduce 

the fuse Of the yarn by cementine the surface fibers. Staroh solutions 

used in sizing as well ae the films they form muet meet speoial 

requirements. These have been described by Compton and Martin (36). an 

important requisite for size solutions ie to be of low cost, sinos 

large amounts are used. This is one reason for unmodified corn staroh to 

be preferred over ao id - modified or oxidised starches. Preparation of 

sise solutions of oonstant quality must be easy, as it is carried out at 

the mill and mechanization of prooessing requieres uniform viscosity 

and solids content. In the slashing operation foaming problems may arise 

causing nonuniform size deposition,   slightly   acidic pH of sizing 

solutions minimizes foaming, therefore buffered starch (pH 5.5. to 6.5) 

has some advantages. Pollution of streams by staroh waste from slain« 

has beoome a problem in some cases and staroh ethers with lower B.O.D., 

or other materials have been introduced. Out of the «enormi properties 

of siée fil«« required for satisfactory weaving performance, the food 

adhesion between film and fiber appears to be the most important. The 

film also must be hard to resist abrasion but soft enough to flex sad 

stretch as the yarn la processed. Sia« filais must be easy to be removed 

by enzymes or acids during ^t precising* due to it modified starohes 

are more adequate than natural starohss. Finally, it is miso desirable 

that films be resiftant to heat to prevent overdrying damage. In addition 

to the cited requir«ments, the preference for a type of starch is greatly 

based on oost and habitual praotioes as shown by the faot that in the 

Ü.3.A., 00m staroh ie ths most extensively used staroh in slashing 

whereat in lurope potato staroh is. undoubtedly, rioe etaroh is likemiee 

suitable - oost aside. 
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44.    Diff«r«nt rio« e tar oh product« have found application in textile». 

SOM instance» are: rioe starch phosphate« in the manufacture of wrinkle- 

free, fine-hand textiles from natural and regenerated oelluloaio fibers 

(37)| rioe sturche» reacted with metuylolated ureidopyr inidonee, in 

sising (33) 1 rioe starch polymers , prepared with polyaorylate or 

polymothaorylate, in finishing, and rioe starch derivative«, obtained 

using acrolein, in stifenning textil«» (35)* 

4%    Natural rioe staroh has been traditionally used in laundry (4)* 

The advent of syntbetio fibers has decreased substantially this market. 

Becently a patent has been issued oovering the preparation of a laundry 

staroh composition which prevents »ticking on the iron and i« preparad by 

reacting poly (ethylen oxide) and riôe staroh (38)• 

I   ' 

46«    Requirement» for a food staroh are varied and depend on the particular 

uao for staroh* They ara described below. However, from a »ani tat ion point 

of vio« both rioe staroh and rioe staroh derivatives must meet o er tain 

general requirement» whoa intended to be used as foods and as ingredients 

in paokaging materials for foods. The F.D.A., of U.S.A. ha» set standard« 

in this respect (39). In tas partiouar case of oanning, the National 

Cannar s Association has also sat standards for thermophille oounts (40). 

¡1 ¡ , 

47 •   ***•* mondo» Staroh haa o diver »i ty of uses in baking. It can bo utilised 

no n oarrier in baking powders« as an ingredient in pi« filling«, ioinga, 

orsker and oookie doughs, oak es and biscuits, and in operating prooeduree. 

In baking powder», »taroh aots as an inert di «parsing agent protecting 

aotlro ingrodient» (usually bicarbonate and aold) from moisture, thus 

avoiding weakening of gaming power. Rio« «taroh has boon reported to bo 

«oil suited for this purpo«« (41). The «taroh used in pie filling« 

nanufaoture must most «sverai requirements, suoh as high vieoo«ity, 

¿lossy appearamoe and stability toward high temperature, aoids, «hearing, 

M : 

[it: 
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ana storuge.  Thee« have been ¿escribed by Hamilton and iaenhall  (27). 

Uncodified   atarchea do not oo*t aiJ   of th.D. r.:o wa.y streue» although 

nave aoae advantage», breakdown easily. Croeo-oondea waxy at*rob phosphate. 

have been reported to give *ood reaulta (27).  Wary rioe  starch phosphate 

appears to né adequato for tuia purpose. Common rice star-on is sensitive 

to" direct heat ana is not «onerali/ used in the preparation oí fruit 

filling;   it  is however used in the preparation of soft-filled Ptee (42). 

Stabiliser, of various  types are used in icings, with the purpose to 

absorb water by forain* * »1 *• help to avoid the crystallisation of 

sugar or surface eUokineos in humid weather. Vegetable gu** and corn 

at^he« are used; rice at-roh, particularly tb- wavy tyna, would probably 

.be more suitable. Biscuit., cake, ^d th« like rehire low protein content 

( * y i)   flour« to develop proper texture and satins quaiitie«. Fro» Í? 

lo 15  oer cent of tue Hour weight of corn and ot**r  starches ia u.ed to 

oreven* the  development of doughy texture*  (*3>. Safaart (44) o*rri*d out 

Lbakinfi axp«i«ent with rice starch and noted that the »bread»  from 

ordinary rice was hard and cou^ot wb*r*as that fron, waxy rioe bad risen 

beautifully, with a volume 4    tiw. l«wr> and rac extremely porQU.. 

Uore recently, Hotnch  (¿5) reported that use of rice ataron Increase. 

bread vol«*« and inprove, crumb texture. On the other band,  the tattern** 

process (40) opens new possibilité, to rioe flour «id rio. .taroh in 

broad «vaieing. 

UK    C-* food». *»* of tt, »«• of .taroh in «Ml «ota — >»-d on 

th. «tut»«» «f tt. vropcrtl« of it. put« to thick« «d/or »dlfjr 

th. t«ture of toot». I» tt. ounni»* inau.try .urehM «• «•* *!••»"» 

In «.ol.lt, typ. food. (oond.«..d .oup», Vitti* »uo... tab, food. »* 

.pMi.il* dinn« product.). Th, «lection of th. rtaroh for . «Ü*« 

t^la.tlpn i. con*!,*. It d<*«*. on th. t«tw* wd r.olo« talr*, 

tt. conditio« of u... «in, prop««» «d tart. r«,uir««t.. ««..^ 

„onditi«.. B-. M con.ld,r.d. Oood r..l.t«.o. to hi* t«p«.t«., 

et-bility to«rd ««ring wtion »d no t«id«.y to r.troit-d. ar. 
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proparti«» gmwXlj r«quir«d. Tb« d««*nd for tb««« b»s b««a Mí 

partially by aaylop«otin «taxeb««. Unfvrtuixat«ly tb«7 hm fra*ll« 

¿Tanul««, and tb« vi»oo«ity of tb«ir past«« fall« on proIoaj«d «tirria* 

or boatin*. In condono«* «oup«, requiring «xtr*-«at«r io final prtpwttia«, 

this it uaaoc«ptabl«. Tbl« iialt« %u* ua« of »AUQT rio« «tarob in «pit« 

of tb« «xo«l*«nt proporti«- it h*s ~* tbio*«n«r (10) (19)(4S). • f*U« 

iaooav«ni«no«i« th« oob««i*« «trinar natur« of tb« g«l, abiob «Mb«« it 

unaoctpUbl« in o«rtain food product«. All tb««« di «•*••« t«««« *••«, 

baaaror, b««n ov«reoa« in tb« oro««-bond«4 t tarob puospbat«« witbowt 

iat«rf«rinf witb tb« d««ir«bl« aapoot« of tb««« «tar«bo«. Tb« «stoat 

of oro««-bondin* «u«t b« d««i4»«d for «p«oifl« UM«. FOT «anaal«, aovo 

oro««»boadinf 1« r«quir«d «ban food proo«««ina inveivo«   from o «««kia* 

tbaa «bon it do«« not. J«t oookinc roquir«« ovo» biabar oiooo b«adl«fi 

Za »autral or alldly «oldie food« « «tarob of loaar oro««-llablaa i» 

u««d tban la «oìdio food«. Cro«o-link«4 «axy «tarab i« >artl««l«rl/ 

«uitabl« a« « tbiokoaor ia Chin«** food« baoau«« of tb« «larity, «lia«, 

«ad low fol toadonoio« of ito past««. It i« «loo «idol/ IMO« la 

food» «baro « «aiioo i« o eoaaaaaat, «neb «• «p*ab«tti U 

Áaotb«r appi io« t ion i« feuad la bottlod «tuo«« «uob «a 

fltb orooo-bond«d ao«tyl*t«d «tarob««, baby food* «ad fruit aaé 

fio mila*» bav« food k««?ia< «uality und«* a aid« n 

ooadition«. In tb« aaay oaroal «tar boo -«ara aad aorab«— tai« fay« •# 

dariT«ti«atioa 1« «*t«i«l*«ly tioodi aajqr rioo ottfob i« -««ally «aaaaata» 

bat no ai—«roUl uao oaaaar« t« bar« baaa «aao of it* A 

(47) r«f«r« tb« um of aoylat«d orooa-liakod rioo «tarab. 

•I > • l¡ ) 

49. 

Waxy 

rio« «tarali 

9*Jäv^P«a*a>    «a •J'^Bar^paar'a^BF   *a^P   ««•«> a    «rat voaMpaaaaaaap   a>a> aa«a«a««p«aBjp 

gal firama#f o**«ity, «raiay taraar« «ad 

ad «ar«aa« «Wroaao, b*iaa «attar» «*a aat 

•aly r««i«t « f«a frttn tb— «yalea. Xa 

«ira« «aaalloat r««ait« (ll)(l*)(4l)* It íM 



a^net   U   ^cet.  . :».V   •-'.      •   ~   *r-   -•   *•  *?-*-*«-  *>  %^«,   U« 

p»,   nom*;»»   f-«-»•*  vn       a. tir«   •:.••-   : *t   W~f»   it.   „• -• . *»t«J  by   - «n* 

rU#  »wo-   o*   n*^r. '..«    -•»••   «»^ .   "    «f     HiWr^.tt^-   tr   »et« 

tiMtt **V  ri€*  *'•»*  "••"• ******   ;.-r.-v«i   «f ,#-  j*    •* î'»%«»«--tà*« «trilito 

tw purifi**  *•*.»  ri^  »Ur^à    4   ^   .3%.    ut*   «. .*   v»«î. *^«/ tof« of U« 

flour,   ih¿ «   i *   -    o tfeÁ*   ¡frs  3»       L *i    ti-ft.   I» fact, **»*/  rio« 

:-(llir t*, tri  #ü»N»r<.,.*w   .».;:»,.-    » .   -J.,.     -*•%•*  iL« ¿*rr*t.*o« 

i.r *•***  He» «« •  Uiv«,-..' a»«   ;.;T***+\ «;u t.t •*r«nt r,f »er« «litoti* 

.. „   Ml   .i*ri*.-.ii*«í-   •W,      m   tl.o-r      ^Ulll.n*   çboar*-«'*.    *o»t/l   or 

.röoif>rgFi   rroup*   if;   •• -jm-xt^ r *.»f» *it'«    '*     ^«- : it* *"•»• 

Ct.t fooo utf. **<v «'-* —<< »-**• :*"" "••"» vi***1 fo* «to**, 

*nd .t* i* '«or« th«* u**Ij Wt »«MM **' »^ f^'J lUr n** «tor«* 1» 

n.  ur*l   rr ^^'ita  .v-r...-,  r...«-* t  l     . i*ltto» ^t b«#n *•>*-• *-«l y 

• x.^i-r*d-  Jt*r#4  f^.^   -•"• • !   "• i***''-»*  vpUciU^« u» to« m*m»t—%*f 

m:  ,«!*•:  *r»Mi»tf.  âtor«*. *    ,iv. *refc.inf to« .'«rr«et >***.  i« «dditl«* 

t«  „ta.i,l*ln|f if.« •wwi.ier»!  u«* .»u«'. titila ta« «tftriU«n ot to« 

»«»»fi«al»«t« ~u*i r««)«t wUi. ¿t^oii   tr.o«.,fc«to«, «ro.3-b««á«l  «wet 

cr  «urn*«« cf cr«««-«ofi««<«  *r,4 w*^f  rt*»cfe*« «iv «^®d rt*Ut».  Ano« to 

.***  It .* «Mit •*•*•*•*>* *»••»•• -..-ror.   ««r*«. *>. * bUd«r «A4 «to»iU««#. 

* r«««nt ?«to»t (51) **• »to« »Wo* **   *» ujfdjropajfl i.« «djw*«»* i« to« 

Dr«*w<»ti«Ji •<" i-wM»   >—•* --»«'^•.   1» J**** ***U« tW*«* **ê 

*«Y«r»i «fvlic««!«««. *«i« ky«r«l/»x '«^i»> «towà i« %»• •»•* imiLirrlf 

UWWâ   »'¿I  kí#  «JVl«»«   ( ^91W)   tt«Wk   i«   «l»«l««  «TT«i«« U   *»• «flMiftfftoTt 

«f #a •••J'««ti©«*. »•éiL«* «t«j^fc t« IMWA to ««lüaéti •!•»# ** la •**•* 

to MfMtimn «WW i« H«H i^ ¡«« !«%*•«•  **• «»rtt»*^»» *f *«•• 

»4T to«» «r«i ««4 fctr«** «fftolV '•* *»i«to»« af «towfe ^«wü«»» tl«M 

vita ««to «élMiito «rté i#» to«tt ««torai»« l*ri»lJ to« •»• «f «toirt •• 

•««la« «to mimtm* Ê>èmmUm4 »fwito, «•;«»%•• tolaHü «ftoto «to 

nuliifytotf ««Mkto« «ito %m •»§•»«•• «t »ttoot rt«# «to»«« «•• all •/ 

to«*« 
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91 •       faa fallarla* ara taaiaraaa af fa« ara* tl «all/ aallaitaá mm «f rlaa 

I riaa ataraa aarlraUraa» af amiaa «O/ a far aar« kM 

aaalaalvaa (11), flaaralaat fw aaal waaalat: »laata (32), árr 

latrlaaat fw »aaalaat iMàiM* 15^), #ra/t aalfaara {54) (55), «11 ««11 

arUlla* (*a), »aata«raa*ia fila ( •»••iâll/ rvrlflaá ria« atar»* far 

laa*  laa aartat 1» »MH )* alfaralt« filiar (57)» 

•»Uriala far aaa aa laaaaaa aaaatltvtaa far 

ii*4 (Jéj. Taa atri larari«*! aaa traáltiaaal aaa taáajr la la «aaaatloa. 

ÜB HCl Matal OatZVAfZfa« Il COMIIH» 

1X11 

V*    Xa «aa fava#ata« aaaatara, lafaraatlaa aaa 

taat aataval rlaa ttaraaaa rara a fa» «aaallar »rapartiaa «alai 

araalfi« aaa«-r*»afc aa aaaaatlaa aaá 

it far a aartalalr liai tai aaafca«. XI aaa 

alta tara üaaaaaai fia« aataral riaa ttaraaaa aar« aaaa aaaaral »rarartlaa 

attirai? aaaaaraal« alili taaaa af aara aaá aatfttaa, «al«* aaa« rita 

- ar al laatt, astratta la aa taitaala - far aaal tf lat aaaa 

fait la aaaaalalljr tra« far laa áarlraUraa, laa araaariiaa af 

aa« aaail/ «a rarità «tal» a alea taaaa attirali!»« laa aslai« 

aaá aaaaiUaaa a* laa áariratlaatia» »rat ata. Oa lèa aliar aaaá, il «411 

ta aaaa lata* am (Oaarlar é) «at tat ataafaiUt« af rlaa atara» aaá 

ila la thai af aara aa it 

atrita tlraa la lia 

IS IM 

•f riaa atara» aaá riaa 

la «ta arta« «f ita rar rlaa alara*. Xa taala 

la 

M 

•auxiï_i^ 
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other starches. Rice starch is about  twice the price of com. The reason 

in the cost of the originai cereal as it is ¡.mown in Table X. The price» 

of rice in last y ear E were abnormal because of production problème in 

Asia. "¿3ut ©ven ooneidaring nor¡ual years, neo is much more expensive» 

ci.     It appears  therefore   :hat rice starch has no pò»sibilities to 

compete with corn or otaer starches, provided  the price of rio© is not 

ooaparuble with  that of corn, ¿»n essential first step is the reduotion 

the prioe of -the starting raw material for rice eturoh manufacture. This 

means the need for an actually lowered cost of rice, but also a more 

ooaplete utilization of the rice yruin with higher returns in the rio» 

prooeésing plant. ïheoe aapeets are discussed in Chapter 8. 

6. MaiTOFAOTUHl OF HICfc STABCH ABB HICE STàBCB D£BIVAï1V8S 

A. aies ST^BCH 

•W.     Cootaeroial methods for the isolation of ataroh involve the following 

essential stepsi    a) steeping,    b)grinding,    c)römoval of fiber,    4) 

separation of starch and protein, and    e)drying. A preliminary cleaning 

step to renove undesirable impurities from the raw rios to be used should 

be iaoluded. In the first step, rice -generally broken»- is soaked in san 

aqueous oauotio soda solution to solubilise the protein and facilitata 

the liberation of the staroh granules» Different operating oondition» 

are used. The strength of the caustic solution is between 0.3 5» **d 

0.5 f sodlua hydroxide. The temperature ranges from room temperature 

(56)  to 50tC (59). The total steeping time is usually 24 hours. Tha 

»lkalinu liquor isVrun off after a first steeping period and replaead 

by fresh solution;  this operation can he repeated. In contrast, Zhuanan 

(6C) reports a stssping period of only 2 hours, with continuous circulation 

of the alkaline liquor through the rice mass, which can be »tlrred 

simultaneously. Tas atacping liquore run off are sent to the protein 

m 
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reoovery section. The softened rio« kernels are then conveyed to the sdii s 

adufes they are ground with a «noil quantity of fresh soda solution. 

Another alternative is to «ash the kernels with water prior to grinding 

(59) (60). Grinding is performed in oui table revolving disc or pin mille. 

After grinding, the starch »lurry is further diluted with eoda solution 

or water for renoval of pulp. Separation of staroh from the fibrous 

material is achieved by the use of ohakere, reels statio soreens or 

oentrifugss. Sedimentation of staroh at pH about 10 is slow and, according 

to Zhusnan (60), it can be aooeleratod by addition of oulfurous acid to 

the staroh slurry leaving the mill. Saturated line water has also being- 

suggested (59) for diluting the etaroh slurry to assi** in floooulating 

ths ..ibroua sartorial for retention on the soreens. >- 

55.   Aooording to flogen (59), ta© prooesa used in the U.S.A. prior to 

disoontinuanoe in 1943» operated with broken rioe which was steeped with 

water containing sulfur dioxide for 72 hours at 49«C. After steeping, 

the rioe was ground in a Buhr mill, and passest through reels and over 

shaking soreens to remove hulla and fibers? the staroh slurry was smde 

alkaline with sodius hydroxide and o en tri fug» ted. As reported by Zbusman 

(60) the use of sulfurous aoid involves a serios of problème suoh as 

long duration of the steeping tf.wu, heating of the eoaking water, oerrosive 

effeots on »etal, and hwaJuû oonditioas of the operation. Aie», as 

reported by Akher et al. (61), who studied comparatively the alkali sad 

the sulfurous aoid procedure», ths highest yields and greatest purity 

for the rioe staroh are given by tho alkali «traction} 

56.   fhe staroh is separated from protein oa & continuous oentriiugel 

end finally purified and oonoentrated through hydrooyolonee or further 

oontinuòus centrifugal., then, the etaroh is dewatered and dried, «he 

sequenoe of operations is varied and depends on the equipaeat faolliUee 

end the effioienoy of sane. A brief desoription of this part of the 

procese, giving equipment used, flow-shsot, and cosposltion of prods**« 
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and by-products can be found in the paper of Zhusnan (60). 

5?.    "Crystal" staroh, a oonmeroial form of rioe «taroh, i» prepared fro» 

oentrifuge oak« «faioh is pressed into cubes, «rapped in paper, dried, and 

the resulting blooks broken into dust-free lumps. Another alternative is 

to press commeroial staroh into dense boards and break them up. 

s8.    The isolation of staroh has aleo boom «nooompli shed - on-, a non 

ooomeroial scale - by «onic vibration 162). By this aotion the non 

« taroh components are broken down, perai ting operation with lesa than 

50 per oent of the water usually neoesoaxy. liée staroh yields ranfinf 

from 54 to 64 i> have been reported. 

59.    In a recent paper by Syfried (63) a review is five* on the amount, 

oonoentretlon, and treatment of waste water in rioe staroh plant« 

a« q*9i mm mswim 

ffiSfi 

Catlonio «taroh«». Peaohell (lì) twiemed reoently the pro*»*»* metaeas 

of oationio s taroh ee. Aooordinf to tbie author, the preparation of 

eninoalkyi ether e is attained by treating *» alkaline suspension of 

with a tertiary amine oonUininf a bete-halofenated alkyl, a 2, 

or a 3-chloro-Ä-hydroxypxoeyl radioal. Low P.S. »Teaular «there eem 

prepared oomseroially USíA* am epoxye^in« or haloalkyl tertiary 

toe oompletion of the reaotion, toe staroh slurry io filtered, amd 

produot wambed and dried. In tie preparation of ki§» S.S., oeleVmmter 

soluble, «ramal«' derivative«, toe mwellin« of the staroh tremulo« 

be inhibited ualnf ««favolate «#»%•• ly the aotion of a quaternary 

insjjulum omit oomtofimf * 2,3 •Hnjfsiijgrl •* * >-ohlore^2 

•^•••»•»a^ojmjp, 4    wal   «mB   w»Jsmnss»é* mpmpvJP   Ve>waeTmT^v    "Fé*     ow «•«•sT^P««*    vn^wmsv w>^smvaemmsi^v    ^smwmwsw^meienwmwp   ^PW*^»«W/*» 

If 

be 

• At 
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oan be produoed. Those deriratiYtf say also be obtained by quaterniainf 

tertiary aniaoalkyletexohe« «1th alkylating abanta. Tha preparation of 

oationio starohte containing prinary and aaoondary asine nroupo faneraily 

present aora probleea« than that of tha tartiary «alno and quaternary 

ethers. 

61 •   ^f^ffilfttTl fttfTT-    &>droxyethyletereh la prepared by tha raaotion 

batvaan •taroh and athylana oxida in tha prosano« of aquaoua alkali* 

Itutral alkali aetal «alts ara uaad aa »wall in« inalbi tora (A4) (65). 

Ithylene oxida la dlesolTod in the euspeneion. Tenpereturee usually not 

exoeediaf 30§0 aro usad. Tha ooaaaroial preparation of darlvatiTaa of 

S.I. lowar than 0.1 la readily parforaad but that of biabar 9.8. prosante 

filterebility probi earn (22). Tha preeenoe of a rery small aaouat of 

sediua ethylene disemina totraoatata ia olaiaed (66) to inorasse the 

effiaianoy of the utilieetion of ethylene oxyda and prerants fonation 

of dark coloured ©olloidel seterial durine the raaotion. A prooedure 

of aUblliaatiaa against dlseoloretion appliable to rioe ataroh ethers 

has bean patentad (67). lydroxyelkyletereo oan also be produoed by 

roasting dry ataroh oontaiainf alkali or a latent alkaline oatalyet with 

ethylene or propyl on a oxido #>•, at reported by Faaohall (22) eho renewed 

the preparation aethode of hydraxyalkyl ethers, amnJdn et al. (46)(69) 

ani Euauki et al. (TO) hare reported on the influenae of proeeeela« 

eenüUoaj an the pgenortleo of h/droxyethylated atarease. Patenta hare 

beai pentad reoentlj eejverlnf hydroxyelkylation proeaduraa of ataroh but 

these epaaifleally ssnssraod with rioe etaroh ara n«a«er. Mian end 

(71) »repare» kydrojqrethyl etareh by treating fallate* rioe etereh «1th 

pyridoxina and ethylene ehlorhydria. 

itieaof by * 
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recent paper of Kruger and Butenberg (25).  Several chemical e have been 

used as acetylating agents, out of which acotio anhydride has generally 

been preferred. Rice staroh acetates have been prepared using it (72) 

(73) (47)« One of these patents covers the aoetilation with acotio 

anhydride of an alcalina suspension of cross-linked rice starch 

subsequent to oross-linking with epychlorhydrin (47)« The esterifioation 

can be carried out in alkaline solution, maintaining the conditions 

that favor acetylation over anhydride without appreciable hydrolysis 

of the starch acetate. The optimum aoetylation pE is temperature 

dependent; at room ter-era tur e it is about Ö. After completion of 

reaction,  the starch slurry is acidified, filtered or oentrifugated, 

washed and dried (74) • Rios starch acetates have alio been prepared by 

treating the starch with a mixture of aoetlo acid and aoetio anhydride 

*t 50«-75*C, in the presence of a oatalyet (30 H , ¿nClg, or HC10 ) and 

an organic liquid such us bene ene, xylene or toluene, (72)(73). aeyletion 

of starch by alkaline-catalysed transssteritfi cation with vinyl acetate 

has been used in the preparation of oosnercial ataren acetates (25)» The 

reaction whioh is carried out in alkaline pH requires the presence of 

water. The vinyl sster of aoetio acid, has the property to fora "in situ" 

during alkaline acylation the aldehyds corresponding to the acid. This 

faot can be used to introduce simultaneously cross-linking in the starch 

(47). 

*3.     otaron phosphates.    The «tarob-phospaate reaction has been serried eut 

on a ooesseroial scale by soaking the starch granulée with the phoephate 

solution, separating the starch by filtration or oentrifugation from 

excess solution, drying without gelatinising the granules to a moisture 

content of lees than 20 £, and then heating to reaction teaperetureevif 

about 12©a-175»C (75). Aooording to a recent patent (76) starch phosphates 

are prepared by sprealsg starch with the phoephate solution and then seatia* 

step-wise under 
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**•   the aoohanlen of the reeotiona giving elaple cetera or oro eel inked 

phosphatée la not wall ostabliehedf both «IMNI of phosphatée eoa occur 

to fati«, and the rea&on condì tlaaa doteraine the fomntlon of oso or 

tha other. Generally, when eiaplo phosphatée are used, aonoestem aro 

famed under »old pH and eroeelinked under nor« alkaline conditions* 

When ooaplox phosphate* arc used, aroocetere aro forata under adldly 

alkaline pH and croeelinked under higher pH (77). 

$5-    Methods hare been developed -to obtain etaroh pboophetee giring 

paotee of inoreaeed Tisooslty (7«) (75) (79). Aooordiaf to one patent 

(76) the etaroh phoephate nlrlure 1» preconditioned by beati»* it te 

45*-90*3 prior to dehydrating and final acati»* with this purpooe. 

Aooording to another (75) this can bo attairei by reacting etaroh 

granules «ad phoephate in a fluidi a ed bed, peaolng threw«« a etreaa 

of hot air or inert fee at 149 «-1*0 «Q. ae indloated by the autborc, 

rloo etaroh any bo need. 

66.    lullinfer (30) reviewed tho prenarntioa of ercee-liahod 

to XHi. !• liaWi auneroue crocci laklag agente, cat of which 

ciyohloride, eayaalorhydria and trlaotaaaoaphato bare been widely 

Beeent rateato corer the uee of pcMforanldehyde la tho presene • < 

eoa troll ed aaount of alaeral acid (80), and aetapaoenbete U tho 

ef olercaeetatc in alkaline aC (êl). A lelélan patent (47) 

picaaratloa of or»**-linked rioo etaroh. The or Miente eoa 

M followei lice etaroh le onci o» iati la a pelar eelwcat ana an aSseUn* 

eatalyet la added. Tao «reee-llnklag r «etica lo preferably 

raíala ihiohb>ri e uycelcrlde er   *>yceler»ycri», et a ni 

froa 9 to 13. After ceaplrtiea, ino reaeUea la •*•»•* * 

Ira •• !•§ tao ni atti a etreaf ala eroi acid each ao 
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acid. Whan aerei «in li uaad, aoidifioation la not acough to atop tha 

raaotion, and thia la acooaplinhad by adding aodium biaulflta. Afta» 

aubaoquont dooatarlnf and «aohiag, tha product la finally driad. 

omm m*<m 

S?.     DUldabrda atarph. Tifi« (62) and «ora raooatly Ma hi trattar (31) rovi ««od 

tha labora tory-ac*l • and icduotrially-ocala praparation of dlaldahydo 

ataron« Starch dlaldabyda la mm nanufaoturad by trottln* ataroh with 

par Iodio acid, whioh la raduood to iodio »old during tha raaction. Iodio 

aold oan ba rtoonvartad to paariodlo aoid by alaotrolyala and ro-uaad to 

oomrort ano t bar baton of a tare b to tha dlaldohyda. Thio eyola forno tao 

baaia of a two-tta*» prooooo doralopod by Pf alfar ot al.  (83)» falo 

prooooo onploya poriodia aoid paroparad fron cruda lodino. In olaatrolytio 

o all lo uood to conrart tha iodlna to iodio aoid, than to parlotto aold. 

Tha uaod oxidant oolutloa fro» a pravioua ruó la olootrrljood in tho ooll 

too to rofanorata porlodle aoid to tha daairod lorol. Tho oxidant i a 

pvavad to tho oxidatian tank« tonparaturt lo adjuotad, and ataron io ho 

oxidicoá lo oádad. if tar tho rotation la »onalotod, |ho licuar ooataiaiaf 

iodio aold lo ranovad and oont to tha aall aya tan for ro-uot« tho otaron 

•lurry la fil tarad or oontrifu#itod -tha auporantaat in ratojnoi to tho 

oall-   waahod, and driad. roa proaaoo oon ho oontlaoouo. Moro tot tat 

poporo doooriba iaprorad alaatrolytio otila (64)(85). 

«8. papar of ffoifor ot ol. (83) dooarlhoo tao proda* ti on of 

atarah on 0 pilot plant ooola and raporta tho infloamoo of 

no impanila 1 and pi of rotation, noia ratio of pariodio 

ataroh, and aoaooatratioa of poriodio aoid. A roaant popar of 

(66) io of latoroot in toit »onnottloa oa it doalo olth tho 

aao of raaatlon and ootoaalaatlan of dooYoo of oxidation of 

iiildoaydo atarah. Altfcaoa» ao for ao it 

Mid   tO 
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adequaoy of rioo starch for this derivatisetion prooess has bssn reported, 

the experience with com, sorghua and ihMt starohss suggests that riot 
is «quail/ suitable. 

9*  gyPQoUoyi*» cxldlssd starches. They ara prepared by treating a suspension 

of etarob granulée with t solution of aa alkaline hypochlorite. After 

oonpletion of the reaction, the suspension is neutralised with aold, and 

the starch la washed to rénove salts and then dried. Bullingsr (87) fires 

o detailed description of ths procedure on a laboratory-soale basis, and 

•©allst and Sow« 11 (68) describa brisfly a typioal eonmerolal prooess. 

Ths dsfrse of oxidation can bs varied over a wide rangs by sui tabès 

nwdifloatlen in hypoohlorite concentration«, reaction Une, pH, and 

teaptreture. In a reo ort patent (89) flow shssts and graph relating she 

oharaotarlstles and properties of oxidised starehss with réaction tine 

»nd varying oonditions ars glvsn. The alkaline hypoohlorite oxidation of 

starch oatalysod by nultivalent oalte, suoh as KgCl   or Cu»   is olalaed 

to result In whiter oxidised starohss of higher vieoosit/, 

**4 dispar tie, 1 in water, with lsos degradation (90) (91). 

*• TM MWMitn »mm fl^rciM" 

mica nocmsaa m»t1f. 

70.   The widespread oultivntien of high-yielain« varieties has «ads self 

sufficiency a possibility in ta* no et Asian countries in the lffw't. 

Altas««* at présent the A.ian ragie» as a whols has not nsnshsd the 

deeired situation, it is well known that in some region», «s* 

•*• srsated eurplueea. (92). This si nation say bs a cewnoa ans in the 

»••r future. It is now generally aoeepted that the sueeesaaV] 

•f lnproved ris« varieties has spened a new aregef prohlens. A 
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paper by Barker (93)  deal« with this subject. A« reported by this author, 

a major portion of the rio* produced in ¿sia is consumed on the farm. 

It oan not be expeoted that rioe consumption increase parallela rio« 

production inoraos*. Furthsrmors, the bulk of the increased production 

should enter the market o Linnet. But, th-„ market capacity is limited. 

This is true for both the domestic and the export markets. The first 

will inorease slowly; oonauner benefits from abundant supplies will be 

distributed among other iteras or conveniences. Concerning the export 

market, it will be remembered that only about 2> of the world production 

is traded internationally and sons countriett approaching eelf-suffioienoy 

aro looking to this market as a sourie of export earnings* 

71.   A decline in prine is expeoted to occur, tale, by itself, will 

affect little to the compétition in the trade. It however may affeot the 

economy of the producer, who, on the other hand will not alter hi« plans 

of higher production because of a change in price. 

72.   Jithout any doubt, an Important alternative to the solution of tàe 

problem ie to expand the domes tit and export market for rioe. A 

rice demand will support the aotual expansion of production and will 

contribute to attain the ultimate objective of the new ìngo-yleldlng 

varieties!  to rise the life level in rioe eating countries. 

7^.  To «xp.md the domestic and export market for rioe, the lnprov amant 

of drying, tran »por tat ion, storage and milling facilities is * neoemmary 

•too. The monomioe of handling and processing depende upon the teetmleueo 

uood. Jmt the improvement in equipment and ¡.echnology sboulA not be tasad 

on the to-day's market requirements. It is very likely that m omangm in 

quality standards of both the looal and export narkets will ooour, it 

probably being greater in tan donas tip trad«. Such changas should so 

eon e i dared and solutions anticipated. The demand for higa quality vino An 

espantad to inoraaao} that of rUn far epeoifio usas als«. Oonaoquantly, 
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m «ad mor. profit»«. Ut«.UT.o .*• 

«P*»<Ua« tao doaootio o*d «^crt I^H 

»•dita «ad lo»- omlltjr riot. Ti. i»tt.r 

fwtà«r inoromola« ta. ri«« produci©« 

•zpMt«4 to o. aoodod tv* 

far rioo, pMtiettlarijr for 

••ry »oli fco oowoati.l for 

irrori»! haadli»« M4 

T4.    Ilo. .taroa KWHilM inda.*, a«a hm. o rol« m 

•**•*. for «o.. *.iUvt m^M .,., dooiiai.« „1##. „ rt##§ ^^ 

of lo»- aad «odiai «nil «»lit, ri.., .¿.tio» .oaafit. ff«. 

«laaorotod itoa., «d ^ of fmtm .„liaaf«. ¿^ ^ ^^ 

h **•*• oro aoomtiT. «M., ino aoot iaportast, «ota twwm tao 

•ad oooial poiat. of Tí-, i. ^t to oo. tao ^ftUl MiHm. 
*Xm of ri., io food rioo-*.*!*, p^i. .dwt.iy.    A, w m% M|uJt 

*4«« w to aovo otnluooo of it do.« Mí ^ _, ,*«•«• VA », Mtt Mt «O»JI to Mir. tao praolai af 

T5. OMM »rooooaiaf •* «aia. to «oaofioiato .taroa «ooo 

* *• • «~d NM. to »wo too aotritiaaai olosoat. »f »too 

fa* . Pio». MtitoN olaaoratod loaklac fw • _^ 

*• P~«l«a di*««fd  tO.   1)  l«Nrfi.i.f  tàO «.t»iti*0 

%• «appi, foad for ataaa», apooUll, for .èlidr., .ad j) 

Mi «toro* doriTotivoo »ut ala» aoa «ornata«»! 

nm aad osooad ioaootio aad OPM1.11/ oxpori 

aot 

««l«tiOa  tO 

rioo to 

íí; 

•• 

Ti. • plaat for 

Um 
J*«da«tl«a of fio« «taro* 

Htt ff o oto« omMl or o 

oJMKVld «* 

ate 



HAI   lMUtlM  •/   nM   «t*r«R   *£*«  Mt   »«B«fi«Ut«   ta« 

mit»!u». MftUiMKt! »# Picê «t«»  tà«tr «tel« »rl«laal Ti!ut for 

taaaa f«««ia«.  î*« ì1Mì«I U a««ra«at«« •• * fcf?»«4iMt ©f liait«* valu«  , 

i«a»it«   it   ««la«   («IM« »Hü  »aat*»*   **t*t««t«)    tè«  m9%  ÄiuÄhl.   pg^ 

«f taa k«M¡. Oa  |à« «ta«r à««*,  ta« **•••»•« ./ n«M a*t*iti*a 

•eaaUttMRta ta ri«« U i»rftjj rcaponalti« f»r ils« dtffiatJtlaa ariaia« 

¿tarta« ta« «wo ittiitiai tra« 

î*.    laaaat ka*vl«d«i M tii« *¿«trl»tttl«a «f ^Mi««i ««aatitaaata within 

%*• ti«« l«Ml   (fé)  aa« «aca» a«w aaaraaali«« f«. ta« «UUaatiaa af U« 

«vaia aalaa aar »la» a« »at«»é«é ta ta« i Muti«« %t «tara*. Carvaa in 

#1*. é «aa» taa «amarai «latri»vtiaa »«it«m« «f a* Jar «aaatltaamt« ta 

riaa. faas« ara »m amia t/»«« •# «aa-vaa. ON traa, ptprN«^ a? «tarma, 

«alea aaaa» a «astiava«» iaaraaa» la »a»««ttm»u«n taawr« ta« a«nt«r of 

ta« àaraal aa* a ranal tjrp«, iaaiaaia« tu« *««t ©f ta« ««»«Utuanta 

caa«U«r«a, «*l«à éMI aa lavara« aatWra. Taa el*«**« «a« La 

«latta^aaai «átala tè« lattar «r*ia> «f «arra«, OM «Uaa amavi«« aa 

i«lat««Yaataa aaalia« U aaa.aatr.Ua. fia ta« »a**»*«*, t« ta« aaatar 

•* ta« tarmai    - a« U« «arra« f«» a «a «ad fit*» aa*t«at a» -   a*4 taa 

• ta«r 1 aar «a aia« firat ta? ta a pama U «atalda la/ar« «ai tara éaaramaia« 

• aaal «ta» tir tamari laaar rralTaa - fata an« 

«latri »atlaa. 

Uff armât 

f«.    fa« «ammalai êiatriaatlaa «f «a«jatlt»«ata U tl«« alla*« ta 

fraatlaaat« tèa aavaai «f   arra» ri«« iat« tara« frmatiaa« «ita «ait« 

itti«« aar arammrttaa. Ta« «barman fraatlaa taa kraal 

i% fa» aia«« 5-î % ay *«ra«l m*|«»t, U, a« il la wall 

i, ria* la tettata, ritmala, fat, fi««« «a« aaa (FI«. • «Ma A). 

a* ta« avaimaUiir «f iw fat« aaàa it lama«**»!« 

il la ataaâUaam m? «amrmmrlat» aataaaa, lt la 

lia ai«a fiaar 

(mita aaaart aa % 
*.*m § far ktla 

itaat) U ramé la al 
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• ••!»«• fMi atoff. ftaaaatl*           _ » 

*•• tWaili.»ua. •/ Pl.# èWA# u ^   .1-4< 
*—   ¿a r««t iWHttfittiN Miriti avt *t 

tfc« atth»*'« Inalitela, «a i»maá —.^ _ 
aateâil«     « «Màl^y fa*  U. l^1<Ät 

aô^xl        0f ^ ^ *" ^^ ^ "* "# *«** 1"*"*~ 

«e.   ». ^ *«.! r^n^ ^ . u n§  ^ 4a #f u# ^^ 

Uteraat ». it u . ^¿^ ».tnu^^ f##éf Vi|ry mll i|pivk|<i ^ 

•Mum. it a^i.. u* i„.1§ ., «^.^ mM9 999^ ^ 

I**...  1*11»  a**« ,»* ># m^ Hrti^H i« 4^^^ 

•••*• rie« 1« ta« atealt    fa*t. 

81.   Fiiull/, ta« Lmmar p-Um a* tea tarmai    ^^ -    „      * 

mmmi OOM^UM, ¡rumiti, **•***%%*< tm riaa 
»• fee, fib« ** ««fe aamteaU w# a»f»m»*i, i 

S  fWMMaijp 1, 
••» ft a. mi* .«»«, *„ i. «.«m, ^ ^ u# ___ 

-UM. ,« .tt„ _. ÄMi % ^1# ^^   ^   _ 

U eetmimad atlaa am/ »« «Mí «* _. ^  
^^ ^^  ••••• *• •   OtaWtlteta  faa> 

] »too otara» or othtr .trami .t*~t_    — ^ fit 
I ««ar aar am I •torosa», «oraovar, **« §it#i 

•f too karma! ama Va ,«»441/ aojarte* Ut* _ 

•Ite «ow »**ra*tarlfiiaa, •/ tra»!-.*. ^  ..   "7 "        *~~ » *# M-amm*a»i» aaaamtimll/ léaBUaml U 
* tà. P^Htl« »f n## ttawlfc ^^  m ifc>B^ 

•••»»ptia», eoba^a^a, te,tera, affcUit/ temm*. M# 

••ol oto***», ato., tarnt ano* 

i*oo «armai a» i*    ,, ** Wtfc *• »•^•••i 

»*••# ••» BOW OMkata tma. 

•f • flMt f<« lata*«! 
6^*    lèv 7 iàtwa tèa 

i 
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of rio«, baaed on tbe poeeibilitias comentad abov«. Paddy is fed to 

rubber roll bunkere, after a previous dry oloaring. Th« hull« may be 

ueed a« « «euro« of «ntrgy for tb« plant. Cargo rie« i« undernllled, 

r•mcrlng tb« 5-7 pet oent by k«rn«l weigfct, and th« bran 1« eubeoquently 

•tabllioed to b« ueed a« ©*ttl« food. ünd«rmllled rio« i« ceoToyod to 

tb« «%it«BÍBf navohieea for d««j«illini. A prtaiuo «rad« high prot«in 

flour «as b« p*oduo«d u«inC b«ad rio«, j*rok«n« or nixtur«« òf h «adi and 

broten« «aa b« ueod to obtaia ordinary high protein flow. About 10-15 per 

««at by «ei«*t of tb« undenrUl«d kwtml oan b« renored aa rioo flow, 

TM« ebeuld •• oojir«rt«d into «ORYOTIíOBO« rU« pro duo tg «ueA a« r«ad> 

t« «at extrude« produete, bleoulte, ndlk-lik« produot«, precooked 

flour, «t«. Tb««« «boula b« intended for tb« doaeotie aarket, «hieb 

eaeuld b« a4««uav«ly explored t« 4at«mn* it« n««de and poeolellltlea 

la tèi« r*ep«et. Doornaile* bead rio« and/or broken« «aa b« «ant t« tb« 

«Uro* plant. Alternati**!/, deepodUe« b«ad rio« oaa ba eoarerted Uto 

«oar—i«nao rioo product« a« altea ab«*«, *M rrekono «on bo 

Into * otorini rioo floor*. 

**,      it Ì9 

•atiofy bettor 

S 

êerlootiree. 

t that 

ea-/ fern* too 

a plant 

in 

en of 

«oient 

rioo 

*"..    TV« plant for iatoovel «till sat loa of rioef. e 

it and aloe aeomo eopon» ier«nl/ oa tao em 

— *•»• - vi««» foni • tuff, ovetela ri«a 

Ust^tlToe. Tao «oarnHry «nere tao pleut 

nao ña ñtt 

ito «BOA« 

poanpaeji vat naaj    osen. 

to be I 

of tao 

-. -^fa - JL 
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W.   TB« fi«i4 of ooolleotioa of •toro* oao »ortioolorlj «f 

áorlvotlvoo 4o yrooUooll/ uollaltol. Thriiii, is 

•tor oao i anali i for itaroa oroouott oottaf/laf ojooiol 

fo* iaouotolol ofollooUoao oro »fotrooolTol/ Umoola* Aio »mo toot 

otioaûoo f« rooooroo, oa* aow oorirotiroo fo* sow m 

ootoaUj. Too ooaaiaoUoi of oartvotlaotloa t»oo aoat« u 

nwlof to oo al*]* oioalolaé* Mí t», U«* oa* loot 

Too al*« B.I. corlrotiroo oto 0090**0« to ola* 

!—-•>»• »foiiiolog alfflooltloa 00 

o oooB •ootoaoàoo foi/ la rolAUv«!/ roooat 

to attala «00 T«*, M, nÉHUttoi of «tlUootloa 

•*•   I« «to 

oloaf otta too ateo ««notai élit 

•f too «Tootoot «toojoat* of Oft 

»#  ^BA^B aovaWvOO 10  00 

rlooo, 

**   lo otto* ol< 

•U Oit»*,  |.«.f 

toit 

•), mo ooriooUoftUoo 

• lo 

trtlUoatloa of rioo 
to 00 ol«taj 

•Ulla« 
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»t èi4%-ftè«r, lem^Totmin fi*«ti«t, ie^*,t*i., hl* €tar#M ftm.tl«! 

tad lm-*%*T9k, hl+-pt9%min tr—Mom. Th«*« t«tfc»Uu««j **/ r«*4U; t« 

i»tr«du«W l» %A# rtwtó »laut, Um. t^,ÄKlBi .«««t.jm.ll/ tè« 

¡»•«ItillU««  M«   tà*   N«i«i«l   «f   ik9  OfmUM. 

*•    I» m 

mttmé ut 

tt 

fc*y, tè« rie» ««Arch Uéti«t*y# *4w?»t.ij i»««rl *...,, 

««•t*lNitl«n totttn «*u«4 "liMki«t»i*l rtftiiittM* 

I1«BM« tè« '«MI rmwlttU««". 

». HHJSL *?^^*L^J5L?liSL ** imaui WIIHAWO» ot H». 

?1.    At 

riè« 

N*i) 

4«««*1»«4 pMviMNUjr,   tè« »lMt f«r tè« Ut«*»«l atiliMUai èf 

««•• •) ri«« «âU, è) tt**«è fi«**, «) ItrlnHMtlM »lèèt 

»r>««««lM f««lUtl«t f«# tè« «tobUlMtl«« tf èm, «al »• 

•f èi# »r«WU riè« f«*t». 

ti.   fi« H«« «ili |« « 

ftèt tè»t èl«% /1«14« tf 

t* M »«Ml ft*   tè« Olli«* 

•ItJUjr «lati m «4 GM. 

«fttl«t»l all IIA« «ut. 

•*• Mt è Ali •téttole «li teat 

«• è# #*••*, ti« «Ulla« »ltat U 

H-    Tè« »!••* t« wjlially 

«f «M »lèat - MME «« 

tè« fit» êiM^m èf 

tf ri«« tué «t»l 

•è W <wnf»ü»i late M 

«»«14 è# la« tall «i 

lètaaÉai et 

»li««« ftt fvjrtfct» outline**«* 

le fit«» ««jèntUè faa&HUt*. WX+ | 

»ltat. It MMâtt« tf « a) •!!#• (»4») ft» 

(••t éma) f«r «tâ#âic »f «MI iftMjt tè tè« 

«tar«è »lant, 
•ttèttlWU« ft». 
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,a... k) ft^u, v.tm ^.^ of UakB (MB0)i ^ (woi) ^ 

kta» «tel., («.*»), ««p.»»,». d-loo) „. .!„ !„.!,*«, ,) „^ 
•"lu, i-mu.. oa^rlaB, wn. (JW00 ^ U_J¡00) ^ ^„9_aatmint 

(*-iu .M M-«OO). *) oí»»» «.«i«, „»po.* „f o«trti-u*a .«»».Mr. 
(0-100, 0-Ä» «d o-»), „W, 4«. „lt, laJX0) M<1 ^ (o_<oo)> 

.) Stank ^.«o. .tartta« ,f 4—t„lM «.«„„ (j^, ^ ^^ 

«•I*« (fUah «rjr«r, B-JOO). 

*•   ft. .tar.li ««lwtiMti« ,1«.» k». km *..!„« ». mfll 

r^MMM«. f.r «»„.J 4.ri»u»»u.. p,«...,,. o.ly .^ «444«.,. 

.« »MM ta «»irf/ u. „..ul r«,uir—,t. .f M» tminUmUm 

•*""' *" •"«*»•»«»• .f .urok dLldak/d. 1, on. In.*».., tk. 

•ltatr.lx»l. «11 ^ «H~-r f., ta. „«.él. Mi4 .^, wnlt u 

-TM» XUUWI  ««ifM.*.   »...  b«T. a.«  kM.  IMI*«  k.M.  « 

U »1«.  » ta. ,!-• 1. «^ „, ., tmtmu 9t.lmtim -4 

-»•U, —Urn (KN0, f-400 .4 ,-joo). k) ,«.,.„ WM-y «^4^^. 

*•».. *lU« ~4 »!,H ta _kl. ta. «rta u *,«.t. WtaW*„ w 

«-"""-1'- .) r-iru.«. f^m«.. ^rt-„ wt-, ta mt_, 
(KM 1) «« ««u« ^ (,^,0,. 4) atmtmUg ^ trrtat fMiuM^ 

•tall« -ta,, ta fi,,« (MI)0 „ „ ta>|M|| ,-rtrtft|-,   -â 

**M «if - fu. *,.,, ,-W, - „tar, ta tar. ,^,0. 

». n. ^«taktuta * a. *«.» ,., „rt^, mmimtlm „ ^ 4i 

u#Hr «tate* « ta. ». »n»tai „t.., ^^ ^ ^ ^ w    ^ 

 *   • "••»•• •« >*••»» prl*. tt rt». t. M« «»»«ita»»» ft* 
.«ta »*,«. («^ 0^.,». „. ft^fM.( ^ • ___,„„, ^ , _ 
t ta. »U.»,  ta, «««.» >..., rtwdi w MBiMlrt|| A)  H tmam J^ 
*. ,u* ««.tM MM ta. rt« .t tt. ^^^ ^^ ^  m ^^ 

•) ». «itali, m-rti, «^u«„ ,rl... f., u. ^„^ nHmU 
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oad tao*, to dotovalao tao MUM prloo of tao Ut« to ooorato «ita 

ytofltaollltjr. 

?*•   ffaoa oaloulatlac tao operatine oooto «ad tao rovo»«* to oooooo 

••oaoaiojof tao ploat U oaoa    im, tao follo«*«* oooaaytloao ao*o 

l) tuo duo to ¿oatratlaé* iaooaoo. **oduot«,oad taoi* »vodvotloa gl* 

*o oorooat toro«« rio« «olaat, arai 

•taolllood oro«  5.0 * 

lièti protoln rloo food« .  . 16.3 > 

Üoo otoroa  UJO % 

lloo flutoa  2.4 > 

lloo otoroa «orlvoilTeo .  . 42.0 £ 

I) Frlooa. Frlooo »o—oa to tota altoraotlToaU aad 1) «voi o) 

SWodllaod km, 57.1 Wl/to». o) lloo otaroa, 17* Oat/*» (lt io 

taat rioo otaroa «ili aovo to oo oold ot « prioo olai lor to taat of 

otaroa). o) lioo «litton, 250 UM/too. It« avara* prtooo of al*% 

farda «od rloo etoroa dorlrotivoo oro «oaaoatod lata* «a. 

1) Oaaratiaf oooto. taajr ooaajriao m a«tortol, «a#aa, 

>, y too« t «tot, fool oil, «ad otaar, M «oll o« 

total lartotaoat «italo ol#\t yoaro. 

ft*   FrafitaMlltjr of too alaat. Toólo U aaao» ** »r»,i,t 

profite of o float for iataoral «tlllaatioa of 

lltlaao ootoolloaod for ol torno t IT oo A «od ». Too 

«wa ooaa ooMldoMá la «ata «arri 25.000 oaé 5DÄJ0 

poddj/roar. 

''*""    - - "^     -"*-• 
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11 tan«UT« àI At tu« fis«4 ar««—t ari«« »f rie« (17* UN/t— 

Timm)  fM4 profiWbilit/ (12 > pr«fli« «a —«t« hmmim)  i« 

if tè« kl* proWla ri«« fo«4« ar« MU at — a*«r*#« ari«« «f M3 Ula/t— 

a*á tèa atar«* aariwativ— at )24 Wa/*»« Tè« lattar «MI è« Uwii W 

Iff OM/%MI lf tè« MpMit/ «f ta« al—t I« 50.000 t— aaéa*. 

álWmttft li ¿«Nim« ¿e%7 ÜaVt— M — a—«ptaèla «vara* ari«« 

kl«* p*»taia t—éa aa4 ri«« ttaraè a—irati*—, ««4 tè« «a— 

pr+fltaèilitr *« *«f«r« {1? v *r«fit« — «—t a*«ia), tè« «ri««   «f tè« 

ri«« aèa«lé »«i  146.1 a*4 IV .1 U»/t— aar*» ri«« f— tè« 15.000 aa4 

%JOOO t«m« aaAar »1—ta raap—Ur«!/. 

1».    It i« tè«ii#t tèat t*a mw«ft<4 »laut f«r iat«a?ml «ti 11 »»ti«a «f 

ri«« i« a«t—Hy fa—ièl«. »wwtr, * pra-tavaat—t •****•  i—laéla** 

allât tl—t ««rè ««4 aar* »ti*«, i« a—aary W «ral—ta aaa>« a—*r*t«l/ 

tè« f—t—a ia/1—la« tè« —a—At ra—lt», la —a— \m a«ar«arl«t«lj 

L—t tè« ti— f«r aatiatai •frati— «f tè« pi—t. 

i« fPètèftat %• *••»• ft« 

•f «è« "I»*Ut«ta 

•ita— air—tir — laélr—ti/, et 

iaf«r«ati— 

•11 *««»«JP"jF     •"    VP«^HB^M4K|V^ 
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11. 

I.     - 

II«     - tlHV 

M*tlttrt* * »*C «f rim 

lltvwl« it r%mm 

III. • f*rftft«*l 
•f 

•riHi«« »f PiM 
•f HlMT  WlflM. 

•4%» 

MU« If.    - fel«lftfitM*l«i fMrtwt «f riM «!%* 

T«M« f.     - fertig miM «f H*« n»r«li m «Uh 

MHt ft.   - Um+ê 

WM« m. • InnUmUH «f urtm 

mi- 

i«   « 

II»   * lfc*fl%ÉMtt% •# • 

 * * Éfeia¿atM&~*_~_a_MUaaa»ma»d^b *-  "'-    "' ata>^MMMHMÍI¡ÍÉIklkMlllkfi «H 



*!• 

m 

ttMil 

• ««KillirU ft« «te ftf wtm <•) 

••Utlv« ÌH*44tr 
àéflW9«l«l 
(*, «v% tota») 

SI 

(0 «H *•*•) 

m 5.f 

» t.f f.i 

« f.4 »«9 

M 11.7 144 

If 15.1 14.1 

ft 24.4 14.» 

(ft) m. 

-**"*--*• '"WLe-Ar^fc^ 
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er wi- 

ll 

o.u - 0.51 

0*49 * 0«" 
O.H - O.é* 

0,05 -0.51 
o.io - o.ia 

0.13 - O.J4 

Jt 
^•-i-g-A*.-/*^* ia--Éd--ÌÉ-r-É-BIÉIBi^^ 





I o l_. 
•„•—,_-» «- i* i ¿ ¿ 

125 ¡ 1 l 4   | 

IIK° 
! : e 

i 6 
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TABI« Zìi 

Fky«io*l o*»r»ot«ri«tio« of rio« «Urok M eoqp«?«4 with tao«« of ot«xoh«« of 
ot*«r origin: 

Staro* 

11«« (/u)(a) 

l«Bf« «VVAf«   (O*2/«)      (b) 

Sorptiv« oapaoity 
(92>r.h.)    <o) 

Mini 

D«n«ity     X-rmy 
———— (^oo)      patt«rn 
Maxìau« AV«r«f«)    (d) (o) 

lonali 

lio« 

Arrowroot 

Com 

Poièt« 

2-10     4.Ô 

5-*5   15 

15-100     - 

6,000 

3,077 

•53 

6-24 15 

avvct pot«to     - 

Tapie**            5-35 20 

Wh«*t                  - -            1,907 

I* 

Ho« i-e    4.7 

4-24 

24.20 25.49 24.64 1.510 A 

26.62 27.42 27.15 1.510 C 

24*34 24.82 24.55 1.517 A 

31.62 32.99 32.30 1.511 1 

26.16 26.66 26.46 1.494 - 

- - - 1.500 - 

25.16 25*33 25*26 - A 

25.22 25.99 25vtt 1.521 A«C 

24.34 24.43 24.36 1.542 A 

m tm — 1.460-1.496 A 

- - 1.460 à 
- - - 1*490 A 

(a) Data Uk«» fro. (3)(10)(14)(94)I (p)i«.,(3)(ll)l (•)id.,(12)l (d)iá.,(2)(lj), 

(*)id.,(12)(U). 
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0«l*Ual«U 

of •*»•* 

tàlli   If 

•f rim •tarofc a« wit* rUroht» 

Itath 
a*UtlnisatloB    , v 
U^«rtt«t (•C)W 

ÜM 61-78 

C«m 62-72 

Ntak 56-6« 

Mr#« 68.5-75 

T»»lo~ 58.5-70 

iMSt .52-6J 

!t 

tiM 60-75.5 

63-7« 

«7.5-74 

(») »»«• *•*•* fto» (t) (6). 

•: 

fi- 
fe* 

apn¿gt,MfcriiifaJHh^iaMÍaMl 

•» -a ^#    ? 

•4iiiâi 



a 
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9, ',   ° Ä ° S 

Í il ° Ä ° 8 
H «H tf> 

H    N     O    «    O    ^ 
lf> 

O    O    O    O    O    H 

H    <*•>*>    O   op    »Tv 

a a a a aa 

C4    \0    \¿>    lf\   CM    CY 
•      •       •       •      •      • 

«O    ID    «0    IO   «0    «0 

îgXUÏ 
•      ••••• 

m   *•   H   *•   ***  vô 

as 
1 S« 

O    O    O 

O    O    Ö 

o   o   O 

ir>   ON   O    N   O   ^ O   O   Ä 
H   H H <M O 

O    O    O 

io     ^    CQ 
a s a 

O    «D    O» 
•   • •      • 

>0   m   m 

3« Sí 
•     •     • , 

+ì   «i   #% 

**1 ¿ £ 
«•OHM 

US* I 

00 
H 

I 
S 
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TABLE   VI 

Liquid aaparstion on thawin« MUCM, thiokanad with various atáronos «ad 
flours (a) (©). 

Thioktftnlnf ««wit 
Thioknoss Liquid separation M 
of sauoo 

(lino aproad) 25*0 thaw(*) 100* ta«w(ft 
Cosnon •taronsat 

Bio« (Colus« variât?) 23 45-50 0-14 
Corn («Mai franai«) 24 46-61 21 
Potato 23-24 50-65 
Sago 24 50-56 4 
Sorghi» 22-23 49-63 13-19 
Swoat potato 22 53 10 
Tapiooa 21-26 31-53 0 

Waxy i tar ob aat 

Rio« (Moohi Ooaia rariaty) 22 37 0 
Bio« 26 4-10 0 
Corn (WM 42 lowaxl) 21-22 17*55 0 
Corn (lalooa, CI aar Gal) 22-26 49-63 0 
Com (Ibita) 25 4B G 
Strenua 25 45-59 0 

faxy oaraal floursi 

Bio« (Mooni Ocas varisty) 24 0-26 0 
Com (ffhita) 25 36-50 0 
Sorghua 28 51-59 0 

(a) teta taksn fro« (19). 
(b) frosan atoraba i 1-2 aonths at -12 «0. 
(o) flauoas thaws* at 25»C asasntd a taaparaturt of approxiaataly 21 «Of 

thawad at 100 tc roaoaad a tanparatura of approxiaataly 93 tC* 

'nf-íüiíA^fe'-a'J- 
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TàBLK ni 

Suaoaptibillty of rariou« itarobaa to alpha - and b«ta-*aylaa# attaok. 

fltarob 

Starch •olubiliaed 

by alpba-^anr'3 ae«(50 ' *)(*) 

Liait« of 
hydrolyaic by    , w . 
bata-**ylaMOO(o,(<1' 

Rio« 32.6 5Ô.T 

COM 49.5 - 

11*1*0 ... 59.1 

PoUio 16.4 62.6 

Sorqui 50.2 - 

Tapiooa 55.7 - 

fhaat 48.5 65.4 

(a) Sat«, ta*an froa (13) 
(b) Bao tarlai alpha-angrlaa«, 0.5 $ may»«, 24 hour«' difaation at 50 «0. 
(o) ©ata tajean froa (11). 
(d) Bydrolyaia of autoolavad »taroh by bari ay b«ta«-amyla»a. 

, -:ì 

IHM 
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fálU nxi 
SMoharlf Urtica of oookot atoro* by T«k*-«vlM«,t*) 

Stota proa««*» 8Mo»arlflo»tioa(»)r»f (Jf) 

EAVM
2 

lio« Cora      Potato 

2.1 21.0 27.8        18.3 
2.6 33.6 28.3        18.9 

3.3 32.9 32.9         22.9 

4.2 34.6 37.5        25.« 

(a) Bato Ukm f*ea (20) • 

(•) 0.5 tot. 

«^ " mm 

1     *    . 

•'*f r'tí   ~f -v • ' •*!-      s   . 
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TABU IX 

Priest of rapiou» ataroh»«. (*) 

USA Svttdtn 

0.41 

Frano« 

Gtraaay 

0.5-O.W 

Staroh fîxpotî 

O.48 

Iaport 

0.3 

Spaia 

Riot 0.22-0.26 0.28-0.31 

Cora 0.17 0.11 0.09 0.13 - 0.17 

Potato 0.17 0.1 - - - 0.20 

fB«*t - 0.16 0.16 - - 0.18-0.21 

(a) U.S. Bollara / Xf. 

I 

'j ' 
i 
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TIBI*   X 

Priée« of rie« and corn (•) 

(•) U.S. Sellar« / K* 

(•) Aooordin* to F.A.O. (101). 

(•) • • (102), 

Tew 3rowu rioo Milled rio« ,(.) Broken rio« ,(•) Co»<*> 

1965 Ò;l23 0.135 0.094 0.057 

1966 0.153 0.163 0.124 0.056 

*W 0.217 0.220 0.156 0.056 

XH8 0.204 0.200 0.149 0.057 

1969 0.176 0.181 0.112 0.066 

11 

•) J.      •' -U'-i.     »V- * v .. ' . -e •   '• ¿••>- 

iy-;'U'0   .¡.>í .¿f;: i. . 
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TABU   XX 

PlOFItiBIUTT OF A PLUTT FOI IMTHBAL OTIUZATIOI MCI 

XnreataoBt 

'UW     I 

23,000 

Ton. jmddy/ymx 

HAIT   II 

50,000 

Ttm. pâddgr/y 

1,000 UM 

1,278 2,245 

Alteraotlv« "à" (1) 

Cotte 

fi «vomi« 

Profits 

5*420 

6,070 

«50 

10,277 

11,510 

1,233 

Altoraotlve »r  (2) 

Cette 

Frofit« 

4,782 

5,35* 

56* 

9,5*4 

10,712 

1,148 

(1) Sto« prloei 176 084/ton. «art» rio« 
Hl*t protota rio« foodoi 343 USl/ton 
Ho« «tare* 4orlTativ««i 324 uat/ton. flaat I| 299 U2ê/tM. FUI* II» 

(2) Us« priée* 148.1 UM/ton. o*x#> rio«, pleat I| 158.7 QM/toa. 
rio«, Float XX. 
lié* protein rio« foedes 285.7 (Ut/tea. 
lio« eteree deriveUrai 285*7 USe/toa. 

-•••*•• '»*•»- 
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Flf, 1.- BratoAdor vl»oo«it/ etimi of ri«« otoxoà *a iiff-oé «iti 
taeoo of otaroaoo of otto* ori gl M. CaftaoatvaUoa •/ 
4*> f por 500 si of «lurry. *oo«T41»f to (4) (f7)(•«). 

fi«. 2.- •reo—dor vlaaoslt/ turro« of »mi/ «tarata«. Co—«at ratio* 
•f ataroaaai 40 f par 500 al of alt**/. AooarfUa* w (4)(f7). 

Fif« 3.- dwollin« pattar»« of Moo oa*roa to oaojparoé «Ila ta*«« «f 
ataraaas of attor oriflaa. Aaoorita« ta (f4)(F?). 

Fl«. 4.- aiuoli it/ pattar»« of nrltoi «tar«*««. áoMv4Uf t* (é)(f?)(J00). 

Flf. 3.- »ralliât F******* vf «ajqr «taxoooo. AaoaruU* to (4)(MO). 

Flf. é.-   Diatribytioa pattar»« of a««*l««l «oaa tatuo* to to 
AoovMlM W (H). 

Flf. 7«-   Float for lato***! ut 11 1M % lo« of rioo. -Flow 

Fl«. 8.-    040« »are» Float Flow Ma*ro*). 

Flf. ••-   »orivoti «at i «a Float Flow Magro*. 

M^^Mi^.^à^^teMMB 



- «Ml - 

fto.1 

-*—m 
iÛ 

CCI 
i    i    «    • 

^ **•«•**•** #*^ 

-**-*-*'-•&- * - * ^-' ÜMHHíHHÍÍ^BM 



TT - 

i 

C%)AiniCmo$ 

ì 

* 

Ml 



- V 

Tki.S 

WAXY    STARCHES 

S 

IO        70 
TtMPe*ATU*E(*C> 

PW» 

\  i 

'. -st"    ..i. .* 

if*- 

-':  f 

4-   V«fef4 

•-'•I, 

«.   •^^•«-ï   * 

*    .': 



- « - 

t I 
Î  _ 

i 

ü »1 
UN 

LlH- 

*•,   •*-^Sfi;: 

¥:;'< *'•*'< 



- 60 - 

i 

2 
< 
ce 

i o 

3 
u. 

a. 
i 

tu 
o 
E 

CD 

il 

v;í 
_ 3y^»   'lijjJSHfj /     i¿»*< 



- 61 - 

< 
5 

% 
iL 

MHMpfM 

-   • - "    J-iyXMLlMnJaL.. .. .¿idiaí"¿iá¡M;.;.„ i.i, 

«M« 

..* „.Cl ¿¿&a3b 



- 62 - 

13.   LITERATURE BBFBBKHCB3 

(1) Yaaaaaki, W.T. and Wilaon, J.T.  (1964)i in »Mathodo in Carbohydrate 
Cbeiiiatry", H.L. Whistler, ed., Académie Praaa Inc., London, Vol* IV, 
pp. 20-24« 

2) Bays«, A.C.» Albano, E.*., Brioa*»», V.P., and Juliano, B.O. (1965)* 
J. Agr. Food Chan., 1¿, 438. 

(3)  Juliano, B.C.  (1966)» Teoh. Bull. 6, Tht International Bio« Beeeeroh 
Institut«, Los Baños, Laguna, Philippine». 

(4' Sohooh, T.J., (I967)i in "Starchj Ch ami i try and Technology". B.L. 
Whistler and E.F. Paaohall, ed., Academic Prosa, Haw York, rol. II 
ohapter Ilia. 

(* ) Barbar, S« (1969) t "Basio studi«» on aging of mill ad rio« and application 
to discriminating quality factor a", USUA, ARS, Project Ho B25-AMS(9). 
Vinal Btport. 

(6;  Laaoh, H.l.  (1965) • In "Star ohi Ch ami »try and Technology», B.L« 
Whietler and 1.7. Paaohall, ad., Academic Praaa, law York, rol. I, 
ohaptar XII. 

(7) Sehierbeum, F. (l960)i Stirka, ¿2, 257* 

(8) Fukuba, H.  (1954) 1 Nippon Bogeikagaku Keiehi, $6, 3Ô| Gasa. Abate. 
42» 9946 (1955). 

(9) Mayar, I.E., and Fuld, M. (1941) t Helv. Cha«. Acta, 2£t 1404. 

(10) Vuraburg, O.B. (1968) i Lu H Hand Wok of Food Addi tire»/ ?•£• Furia, 
ad., Tha Chemical Bubber Co., Cleveland, Ohio, Chaptar IX« 

(11) fiadley, J .A. %( 1953-54)i "Starch and ita Da^atiras", 3rd aditioji, 
Chapman A Hall Ltd., London (Vol* I) and John Wiley à Soma Ino., 
law York, Vol. II. 

(l?)3airf L. (1967) 1 Cartel Ohe»., AJ, 8. 

(11) Laaoh, B.W. and Sohoah, T.J.  (l96l)i Ctraal Ohaa., jg, 34. 

(14) Watson, S.A.  (I970)i in HSorghi Production and Utilisation", J.8. 
Wall end WJf • Boss, ad*, Ari Publishing Co», Imo., Waatport, Cossaotiout 
Chaptar, 17« 

(15) Whiatlar, B.L. and Paaohall, E.F., adta. (1965) • "Starohi Chemistry 
sad Teohnology" t Aoadaaio Praaa, I.T.j Tel. I. 

„!________ •fer--"**t.. >*          _  ..;.. -¿¿M 



- 63 - 

(16) Redley, J .A.  (l966)t »Staroh and its Derivatives", 4th od. 
Chapman and Hall, Ltd* London. ' 

(17) Pasohall, H.H.  (l967)iirMSteroh» Chemistry a*d Technology", H.L. 
Whistler and E.F. Pasciall, ed., Aoademio Press, He« Yorki vol. II 
ohaptsr XVI. 

(18) Osman, 3.M. and Moots«, C    (if ~ö) 1 Rood Bes., 2?, 554. 

(19> Hanson, H.L., Campbell, A., and Uneweaver, H.  (l95l)i Pood Teeh.,2, 432. 

(20) Otani, Y. and Takahashl, S.  (1954) 1 J. Fermentation Teoh., %t 392. 

(21) Hoberte, H.J.  (1967)1 in "Ste*ohi Chemistry and Technology«, H.L. 
Whistlsr and E.F. Pasohall,  ed., Aoademio Prsss, New Yorki vol. II 
ohaptsr Uli. 

(22) HJermetad, fi.T.  (1967)1 in "Starcht Chemistry and Technolo,*", H.L. 
Whistler and I.P. Pasohall, ed., Aoademio Press, New Yorki vol. H 
ohaptsr XVII. 

(33) Hyde, A.  (1956) 1 Ind. Eng. Chea., 48, 716. 

(24) Ami ta, 3. and Tsrejima, K.  (1965) 1 Nippon HogeiKagaku Kai ahi, *9 
(4)f 144| Cham. Abete. 6¿, 13550 (1965). 

(25) Krüger, L.H. and Rutenberg, M.W. (1967)1 in "Starohi Chsmistry «ad 
Technology", H.L. Whistler and I.P. Pasohall, ed., Aoademio Press, 
New York| vol. II, ohapter XV. 

(26) Senti, P.E. (1965)1 Cereal Soi. Tbday, ¿g, 320» 

(27) Henil to», fi.M. and Pasohall, S *. (1967) 1 in "Staroh* Chsmistry sad 
Technology", H.L. Whistler an'» ¿.P. Pasohall,-ed., Aoademio Prete. 
New York, Vol,11, ohapter XIV. 

(28) Roberts, H.J. (1965)1 in MStarohi Chemistry end Technology» H.L. 
Whietler and K.P. Pasohall, ed., Aoademio Preee, New York,vol.IÉ 
ohaptsr XIX. 

(29) Oerwit«, T.S.W. (1957)• U.S.Patant 2,805,220. 

(30) Hnllinger, C.H. (1967)i in "Starohi Chemistry end Technologr*, H.L. 
Whietker and E.F. Peeohell, ed., Aoademio Prees, New York, vol. XX. 
chapter XIX. ' 

"•-•** - • _-,.a,.^-. .>-.„ %fca A-.,,^- ^.x . ..ii... 



-.64 - 

¿31) Hahl trattar» CL. {¿967)t in "Starohi Chemistry and Technology", 
R.L. Whistler end K.F. Pasehall, ed«, Academic Preso, New York, 
vol. II, ohapter XVIII. 

(32) Ni seen, B«K.  (1967)«  in "Starohi Chemistry and Technology*1, R.L. 
Whistler and E.F. Paschall.  ed: .^nd^ic Press, New York, vol, II, 
ohapter VI. 

(33) Mill«A.B.(1967)« W.3. Patent 3,331,698f Choo. Abstr. 6£, 101247(1967). 

(34) Ziaglsr, B.D. and Adams, M.F. (1969)i Wash. State Univ. Coll.Eng., 
Ess.DiY,, Bull. no.3141 Cham. Abstr. 21* 45248 (1970). 

(35) Houff,• W,«8, and Nixon, A.C.  (1967)iU.S. Fatont, 3»321,422| Oben. 
; Abitr.,¿2, 65708 (1967). 

(36) Coapton, J. and Martin, W.H.  (1967) > ir. "Starch: Chemistry and 
Technology", lì.L. Whistler and S.J

1
. Paeohall, ed«, Aoadttaia Press, 

New York, vol. II, ohapter VII. 

(31) Benoki ser, J.A.  (1965) • Ger. Patent l,Z03,725j Chem. Abstr. 64,, 
866 (1966), 

(38) Koepke, C.H. (1966)i G«r, Patent 1,227,861; Chem. Abstr., §&, 4062(1967). 

(39) Regulation» under the Federal Food, Drug, wià Coacotio Aot, USA} 
Part 121, ohapter I, titl* 21, Subpart D, 121.1031} 121.2506.   ,.., 

(40) Townsed, CT., 3omers, I.I., Lamb, F.C. and Olson, N.A.  (1956)t 
"A laboratory manual for the oanning industry", 2nd edition, 
•atlonal Cannera àsaooiatlon, Washington D.C. 

(4Jj:.íilPrA*¡ R.L. (1964)| in "Fo^d proc^sins operations", Iá.A. Joseyn 
aa4.J^L. Seid, edte., Avi Publishing Co., iïestport, Conn., vol.Ill, 
ohapter 43. 

(42) S\4*«n*#»J* (1S>69)» "Praotioal Baking", 2nd edition, Avi.Publishing 
Cp># Westport, Conn. 

(43) Han, H.H. (1969) • Cereal Sol. Tcday, ¿¿, 48. 

(44) Dafert, F.f. (1885)1 Landwirtsohaftliohe Jahrbuoher, I4, 837, oited 
.ato ?a4i«Fo(íí6), p.265. 

\  ; • 

(45) Botsoh, A. (1967)i Starke, ¿2, 349. 

(46) KiMf J.C. and Rui ter, D. (1969) t in "Protein-enriohed Cereal foods for 
world needs", Max Ulnar, ad. The Amerio an Association of Cartai 
Chamlets, St. Paul, Mina. pp. 185-198. 

fc&j. .A '..>....  -..:'-Jgfr „.. ••,--JflB»>.v¿..ur • •    ...A.i«» . T~*r ,¿ary;j„ V',JÍL»,.    •«-,- 



- 65 - 

(47) Tusohhoff, J.V. and Smith, C.E.  (196l)i Belg. Patent ,616,364. 

(49) Osman, E.1Í. and Cummieford, P.D. (I959)i Food RUB., 24, 595. 

(49) Cernianl, A.  (1951)» Ann. Cbim., 41, 293. 

(50) Oeman, r.M.  (196?) 1 in "Staro*    Chemistry and Teohnology», R.L. 
Whistler and B.F. Paeuáall, euvs., Academic Press, New York| 
•ol. II, chapter VIII. 

(51) Julius, A. (1967) 1 U.S. Patent 3,329,509| Chea. Abetr. 61,74267(1967). 

(52) Roaaneoyk, B.  (1967) 1 Pr. Gl. Inst. Soni. N0.4I81 Chen«Abstr. 69. 
2098I (1968). -*' 

(53) Belsaner, H. and Sohueler, w.   (1968)t Ger. Patent l,272,479t Chea. 
Abstr. 62, 52895 (1968). 

(54) Zilkha, A., Bsra, G. and Tahan,'M.  (1968)i Brit. Patent 1,120,149| 
Ohem. AbBtr. 6£,  53051 (1968). 

(55) Tahan, M. sad Zilkha, A. (1969)1 J. Polym. Soi. Part A-l, 7, 1815| 
Che« Abstr. 21, 72185   (1969). 

(56) Brautleoht, C.A.  (1953) 1 "Staroh-Ite Souroee, produotion, sad USAS
1
*, 

Beinhold Publishing Co, New York. 

(57) Meyer, K.F.Jr., Combs, R.L., and Coowsr, H.I.Jr.  (1968) 1 Fr. Patent 
1,517,172| Chen. Abstr. JO, 80658 (1969). 

(58) Morosa, J.F. and Parker, J.B.  (1968) 1 Brit. Patent 1,113,979| Che* 
Abstr. 69,   20568 u (1968). 

(59) Hogaa, J.T. (I967)i in "Staroh« Chemistry and Technology" »B.L.Whistler 
and B.F. Pasohall, ed., Aoademio Press, New York, vol.11 ohapter III. 

(60> Zhusasa, A.I. (1961)i Sskh. Pro». ^, 53| Chem.Abstr. Jg, 13147(1962}. 

(61) Abdel Akftsr, M., Ohali, Y., and Fawsi Youseef, A.(1966) 1 Pakistan J. 
Soi., 18,112. 

(62) Horiuohi, B. and Tsni, T. (1964)1 Nippon logsi kagsku iaishi, j¡fa9 23. 

(63) Seyfried, CF. (1968)i Bag. Bull. Purdue UBIT., teg. Bart. Sor.132 
(Ft 2 ), 1103. 

(64) Teusuki, Ï. (1968)1 U.S. Patea* 3»378t546| Chea Abstr. jg, 3883 (1968). 

SMáMitüJS.*.jit.... • •_  ...    ..          -»-•••      «•'»••fe-'-i-   -.,.«jnä.»i.—t¿.j.., - , . 1 „, LJ^„___^,^_MaiJifaj 



- te - 

(63) Hjenn«tad, E.T», and Kealar, C.C. (1962)i O.S. Patent 3,062,8lO| 
Cham Abetr. ¿8, 3593 (1963). 

'66) Staley, A.2.  (1965) t D.S. Patent 3,176,007. 

{67) Brobat, B.A.  (I962)t U.S. ratant 3,049,538» Cha«. Abetr. 58, 651 
( 1963). 

6e) Banking, J.C., Hall, J.G., Bueell, C.B., and Santi, r.l.  (l96o)i 
Careal Cheta 37 « 656. 

//;) Ranking, J.C., Rail, J.0., Buaall, C.B. and Ritt, C.I. (1964)iC«ro*l 
Cht«. 41, 111. 

;,   ) Euauki, H. »Murakami, Y, and falcatosi, H.  (1964)1 Kogyo Kagaku £aoati. 
6X, 932> Chea Abatr. 61, 16290 (1964). 

(7 .) Mina, Y. and Tokogama, K.  (I970)t Japan Pa tant 70 ,05561 Chea Abatr* 
21, 36,822 (1970). 

(7  • LMMirling, J.T. (1967) 1 Oar. Patent l,23d,d90| Cha«. Abatr. 67, 
23097 (1967). 

7:) Laoaarling, J.t.(1966)i U.S. Patant 3,281,4111 Chea. Abatr. 66, 
12115 (1967). 

JA) turaburg, O.S. (1964) 1 la "aothoda in Carbohydrate Chamiatry", l.I. 
Whiatlar, ad., Aoadeaio Freee Ino., Loadon, yol. X?, pp. 266-800. 

75» Hay, J.A., and Morie, F.J. (1966) 1 U.S. Patant 3,204,443. 

76   Sohobingc *, U., Bamar, K., end Jhrietofel, C. (lrTO)t Oar. Patoat 
1,925»322| Ohoa Abatr. j¿, Ciì,.ju4 (1970). 

ill, Barbar, fJL. (1962) t in "Recent Adranooo la Prooeaaing Cereala". 
S.C.I. Monograph Io. 16, Sooiety of Caoaioal Iaduotry, beaoaa, 
pp. 143-157. 

(V) Fox, 0.1. Jr., and Weatherly, A.1. (1967) 1 O.S. Patont 3,317,514| 
Cha«. Abatr. ¿J, 55326 (1967). 

(7 0 Kodraa, 1. (1961)• U.S. Patoat 2,971,954. 

(&) Moore, J.W. (1967)i 0.8. Patoat 3,360,512, Cha», Atetr. 60,5114t 
( W«). 

(dl) faaohyaa, J», Fetrlfcoa», D., and Irvaoralca, A,(1967)» Oaooa. Patoat 
124,0641 Ohoa. Abatr. 6g, 206,244 (1968). 

A.^ï^..,û<«k^^mâmÊÈm ,    J„..,—:_ ....-. ,,.4. jfjfafaßkat^^tj&iL'  



- *"*  - 

( &),**€*, a. (I96ü)i SUA., i|# 3«. 

( 83) íf«if^f f.F., Sote«, V.l., ot««v. h.F.f  ^u^, E>1     öftJ|U 

and Griffin«, I.L. Jr.  (19é0)t  I«4.  to«,  jfe«., ^, joi. 

I   d4) IUat.ll, C.L.   (1962),  Ind.  la«.  Chm.,  rro*.^.  i**«* fttwl,..,  i, 
144» 

f  85)Coit»»F, H.F., *nd Ui.«»ur,    (19M)i Il..t*w««.». TMIMI    ¿ 
46| Cbw. AB.tr. |£, 15426 (1964)* * 

( Sé) fi»eh«, 0.  (1968) i Sttrk., 2y/|, 50. 

i   37) Hull!»««, G.I.   (1964)1 in "*.t»©4. in CM!**/.*.*. •kmá»%rf t 
K.L. fhi.tl.r,  »4., Ao*d«ale Pr«M,  London | v.l.   if, p».Jl)-}15, 

36) Seall.t, B.L., ui Sev.ll, t.*.  Í1967) 1   ta "SUrcèi ..«.i.trr ^ 
t«,haolo«r, K.L. VUttl« «»4 I.F. F...à*l], .**,, A.*«*. Fr.*t 
low Torte, yol.II, eàaptot X. 

99) H/2d«mt 1.0. Flak, i/.l., and Abottl-S«*4, M.G.  (I96f)i U.S. F***»* 
3,450,692. 

f   X» Chfc*«ul*l, M.F., «B4 DliiikMfcii, M.M.   (lféé),  laAiMi f.WBt 
95,454i »•• A.otr. Jg, jot97 (19*9). 

í 91) M«W, F.C., •»*•**, H.ü. (I967)i Irit. r.t.»t lt095,î6«i C.«. 
Ab.tr. 6§, 41*91 (19«). 

( 92) Irrt (1969) 1 *ILe FMMNI Mí troiai»« U tè. 70'y 1 fatomuml 
lioo Imiiik Ia.ti tut.. Loo ***•«, Li|w>, F»ili»?iao«. 

( >|) Bartcor, 1. (1949), "limili   ratloa» UM.UW1 « tè  
rio. «uopiloa*. F.p«r FT....M t. tà. Xataraoti >a*i li.. _ 
Coaforoae., irrt. i*. **,,, iNftmt Falliaaiaoat April 2*4la# l7 

74) 3oi4oaoaw, J. (1964)• »ttiifco-mtlaa1', Faal Faro?, Jar lia »4 faaiiii 
5« 

5) Saaikaaaar, M.I.Ä., aa4 Faralá, jjk.1.  (1970)i »» ^„j Mi 

»tlllaaUaa .f rl.. arm »ita aaaaial rafaraaoo U i i. aaaaiallitr 
f or *•• ia IMBMI fwr, pr.Mit^ ta 5tè •arlé Caraal mé 
Ca**vaaa, DrtidM, Ö.B.I., May §4-*7. 

( 6) krk«, t. ••Ulti rio. Mí ii«t|N iurta* *aW. laaamttai W ta« 
AMrtm ANNUII« .f caraal caaai.t. $m ruimtiii uutWE 
•*ioa« Caaatatay aja* 

1   iNHMBMBhiiriMTilWi'iii       í*       J.J»-...^.    . —     .     . . . A      J«-J— 



- SB - 

(V) ïïif, F.I., Ife/mW, i.e., M« MNI, f.j.   (iHj)i 

(*•) MMàf T.J.  (lHl)i Fr*t. AM. •••tlaf A«. 1M. 

(W) Woe, l.f., itCM«, up. ^ êmèm^ T#J#  (lf5f) 

Ü» 524. 

• 12. Ui. 

•• 

(200) K4€», A.L.,  Mi 

(201) F .A.C. (.no) i tel. 

T.J.    »Wf)i Cmml tot. 

ü. •*. à*..*^, 44. 

J» *ot< 

(20t) F.A.O. (29«t)i IMMH «f l*k K~tl»«, <*wm mt Itati«* •» UM 

(203) • Une) i 

mÊm rf  ,   ,*  M*•-        ^ 






