BY

THE PHYSI CO- CHEM CAL PROPERTI ES Al D EFFI Cl ESCI ES OF
STARCHES EXTRACTED FROM SOME LOCAL CEREALS ASP TAKERS

Abi odun Qgunri bi do

A Thesis submitted to the Department of Textile Science
and Technol ogy, Ahmadu Bello Wiversity, Zaria in partial
fufillment of the requirements for the award of the degree of

Master of Science in Textile Science and Technol ogy.

Departnent of Textile Science and Technol ogy,
Ahnadu Bell 0 University,

Zari a.



1i

CERTIFICATION

This dissertation estitled “THE PHYSICO-CHEMICAL PROPERTIES
AFD EFFICIERCIES OF STARCHES EXTRACTED FROM 3SUME LOCAL CEREALT
AND TUBERS", by Abiodun Ogunribido, meets +the regulations
governing the award of ihe degree of Xaster of Science in Textile
science and Technology of Abmads Bello University, and i=
approved for dts contribution to  knowledge and  literary
presentation.

'--.‘

Name and Signature b ﬁQ‘f , S L 4 {\; MQNJ L @Q&M’wb‘

. N < ¢ i
Ckairman, Supervisory Commitiee Date \\‘TH' .{f M“‘L )1 ) L{‘

Bame and Signature  -—---r--—o-er—omoooeee s oo s o

¥ewber, Bupervisory Committee Bate .. ... ... ..., v

¥ame and Signature ... ... ... ... i e i,
External Exaniner Pate ........... ... ...

MOk Sunwmonu @hm’m\ .

Fame and Sdgrature .5 .. ..o . . o VL L L LT

Head of Department Date ]rh{' } f?f’Pl,“L !Qﬁ,l‘i

Dean, Postgraduate School Date 1—'2—/\\\5{&



iii

DEDICATION

This project is dedicated to the Lord Jesus Christ who died that

I might live and rose that 1 may be justified.

Ogunritdde, A.



iv

ACKEOVEBDGENERT

I am greatly indebted to my supervisor DR. . K. SUNMORU whose
advice and commitment to thic work saw me through thie work. Wy
sincere appreciation goes to my colleague, Benjamin, whoss help
and patlence enabled me ito perform certain experimente which
would have heen difficull for me to perform.

¥y profound gratitude goes to my parents and elder brother,
Biyi, for their steadfast love and support; I love you all.

To ny brethren, who form ar integral part of my life, 1 want
you to know that I really appreciate you. Particulariy
noteworthy of =meationing are, Olumide, Charies, Itopa, 4rome,
Ikbana, Ooddie, Laitan, Pastor Abrabam, Dominic, Tejiski, Yinka
Adejumn, Foluke, Friday, Jide, Victor, Sotunde, Taiye Adejumo,
Comfort Jika, Nike Ucnsona, Bimbo Rotimi and cthers too numercus
tm mention. [ love you all.

Special thanks goes to Mrs. Bello who typed this thesis.



ABSTRACT

4 comparative study is carried ocut or the phyeical arwd
chemical properties of starches extracted {rom mrize core,
guinea-corn, potate, cassava and rice and modified starches of
corn and caesava. Theee starchee were used to size cotton yarns
and to smtiffen cotion fabrics. Effects of the starches on tbe
alr permpeability and thicknees uf fahric was alsc studied.

From the study, it is apparent thal starches extracted using
the traditioval method of exiracticn could be of relatively good
grade and of some industrial imporitance if care is taken during
extraction. It is alsu evident tkat the viscosity of the
starchkes is directly linked io the sizes of the granvles of the
starches.

The efficiency of the starches as sizing end stiffening
agente was found to be directly related to the ability of the
starch granules 1o penetrate the fabric or yary as the case may
be. Cereal starchee gave better resolt than ihe tuber starches.

¥odified starches gave very good resulis when employed ae a
size or stiffening agent and in scome cases gave betler resuits

than for vomodified starches.
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1.0 Introduction and Lilersiure Suzvey

Pure extracted etarch iz a white, amorphoue polymer having
no taste. Starck 1s dpsuluble in cold walec, alochul  and
chluroform but eoluble in hot waler?!”. On cooking, provided ihe
elarch is of sufficiently higk concentrations, all {ree flow of
water will be prevencted and a gel rvesults. Under a microscope,
starch ie seen toc consiet of granules whose general wsive and
sbape is specific for sach variety of etarch =’ ilegee table 1.2).
The granules are made up of cells, each having a dark spot,

central 1n socme, eccentric in olhers, known as the hilum®?7.

1.1 Hisloxy
The first starch wae probably obtained from wheat by the

Egyptiane a=s food and for binding fibtres to make papyrus as early
as 4£000-2500 B.C<%>. Between A.D. 700 and A.D. 1300 most paper
were heavily coated wilk starchk, btut the practice was abandoned
towards the end of the 14tk century and was not revived uutil
nodern timee ?’. The use of starch in textiles began during the
widdle agee, when it was a common stiffeniang agent., By 1744 the
Buglisk wore using it in cizing and warp glazing"®’. Textile
demande soon brougbt about the introducticon of potate starck to
supplenent the starch., In 1811, the discoverles of Kirchoff with

respect to glucose and the thinning of starches by epzymic action



gave greal lupetve tu starch swoufacturec?’.  In Figeria, cersals
and tubers, (the major sources of starches) bave been major food
¢rope for a lomg btime. Vhen the cocking of whole grains was
carried out, {t was discovered that starch gele formed, tended to

remin intact giving the texture typical of such foode®’,

1.2 SOURCES QF STARCH

Starch ie a widely distributed polysaccharide 1in nature
which ie found in cereals, root crops (Lubers), and to some
extent in stew and fruite of ceriadn crops?®’. [t conetitutes
frop 50-73% of the dry weight of cereal ceeds and as high as 8§0%

of tke dry matter of potato, cocoyam ard other tuberst2’.

Table 1.1 Names of Some Nigecian Crops which contala plarght1??
Compow nane Botanical Nane

Corn ‘¥aize) LER WOYE

Guinea-corn Sprahum vulgare.

Rice Orveza sativinum

Hillet Pepniselun yphaideun
Barley Hordsum sativum

Vheat Iricticym sativunm

Fonio (acha) Rigitaris exilis

Casaava ¥anibol utilissdis

Irish Potata Sedanun tuberosun



Sweet potate Ipomoea botalos

Bitter yam Discorea gumelorum
Vhite yam Mzonrea rotundata
Cocoyan (tarc) Celocasin emculenia
Cocoyam {tanniad Yanthosome sagi hifolum
Arrawroct Haranta arpundinaces

1.3 Chemical Properiies of Starch

One of the moet inpartant advances in the chemistry of
starch wae the realisstion that it was not homogencvs. it
consiste of a mixture of two types of polymers which differ in
axlecular weight and chemical structure. These polymers are

amyiose and amylopectin.

1.3.1 Asmylose
This is the linear polymer made uwp of long chains of D~

glucone uvnits jouined together by a-1,4~glucosidic bonds (see fig.

1.1y, Comwmon starches cortain 20-30% amylose.

1.3.2 Aaylopectin
This is the branched chain polymer, which in addition to

normal chailn of glucose units joined by a-l,4-glucosidic linkages
have side chaine jJoined to the main chain by a-1.6-glucosidic
hands. The side chains may in iturn have other eside chains,

seculting iz a network of mclecules, Most starches contain about
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765=80%  amylopeeLin, Bheve Vopes rherthees tenlain almoed

amwylopectin wilh & very mall frartion of amylore,

Fig 1.1 fuwevdece Melewule

CilzOM CH20H CH20M
H
H
W
o
Fig 1.2  fmyl ot d in Heleculis
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4 ' H H M
N M H '
oM OH s \on H
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H OH H 14 H [a1%}
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1.3.3 Ash Comtent

411 etarckes from cereal awd tebkers costain ainor
guantities of uaccmbined lnorgasic materials, The hulk of these
originates in ihe crop from which the starch s isclated but n
small fraction may be contrvileted by the water wsed im
POt The approximate concentration of these =malts is
cuetemarily determsined as a residue after igoition at a speciied

temporatuyre T197,

1.3.4 g of Starch

Since the pHl of starch affects the physical ;@ ier of
pastes, most unmodified starches are adjueted {0 a pH level of
about 5.9 during the final stages of processing. Some modifled
arnd derived starches on the other band may be asdjusted to a

somewhat higher pH value.

1.3.5 Nilrogen (Proilein) Coniest
Commercial starches are recovered frow cereal grains and
tubers cortaining various concentratioms of protein fitre and fat
in addition to starch, iogetber wilth opther wminor components.
Recovered starch coriaing ainor or trace ampunte of protedin
together with trace quantities of other componeate in  the
crarting mnterial,.
Protein comtent of starches are estimated from the determined

nitrogen contents veing conversion factors appropriate for the



particular crop. The Kieldab! procedure ie the most cosmonly

nsed fur Fitrogen content determination®!?’.

1.3.6 Fatty Xolier Combent.
Cereal starches contain trace amounis of fatlty acid
glycerides usually less than 0.1%, these can be extracted with
bydrophobic solvenis suck as  ether, hexane or carben
tetrachlaride, uvsisg convepitional saxhlet or buli-type sewiraction
equipments. Moet starcher alec contain about 0.5-0.68 of free
fatty acids which appear 10 be complexed with liuear fraction
(anylose) of thke native cstarck, Since these complexed fatly
acids alter thke physical and chemical prperiies of the starch it
i oiten of interest to know thelr concentration ard sometises
their removal is a pre-reguisite for accurate azalysis such as

the deternlunatios of_iod;ne affinliy1®?,

1.3.7 Beaclinu af Starches

Hydrowy} groups in starch can be uxidized Ly hypochlorites
of wvodiuem apd potassivm to form aldehydew, hetures and carbuoxyl
groups.  Oxidation is pH-dependent®®®, Ouidation does not change
the appearance of ithe starch, The gramules retain their shape
and give a normal reaction with iodine,

Hydroxyl groups in starch alse undergn esterification and

gtherification reactions. Esterification and etherification of



starches reduces the tepdency of siraches to retrogryade and this

iz of interest to the texiile imdustzy'?®’,

1.4 Proetoad Prperties of Stirch
1.4.1 O 3_Shape

Starch granmulen from cersal graise vary bLetweeo 5 asd 30pm
with respect to the average cize of itheir largest diameter, and
thkose from the roots and tubers between 10-100pm, pelz (sago)

starches are medivm in size having a diawmeter of about Glum'®’,

Table 1.2 7™ -7 v 7 Tigee and Chapes %"
Starck Souwree  Cize (um) Shape
¥adze wxr Corm B-10-15-25 Polybedral, spherigal _
Potate Rounded 10 - 35 Ovaid, irregularly
Ovaid 30 - 100 Gvoid, subspherical
S somevhat {lotteped
Bice 3-5-8-12 Polyhedral
faszava L=~=25 -38 | Subspherical
— Ro= 1% - 22
Guinea~Cora 5-15-25 Rounded shape and

covered with a thin

sheet of protein,




1.4.2 Julubilities

Stk le a relatively dznert polywer, losoivile in cold
water, alcohol and etber bul diecolves in polassivm bydroxide
salulion, forelsg a olacsiam derivetive. It 1 =olukle in hot
water aund it's abundant hydrovyl groups meke 't strongly
hydrophilic ™", It ts wvery hygroecopic, retaisniug when alr
dried, 10-16% water and when dried In a wvacwum, it retaise aboutl

10% water.

1.4.3 Gelatiuizalion

Wben dry starch first comes leoto contact with cold water
it swells will oo apparent change in aprearance »f the granules.
Vien the suspenslon is heated 20 changs 1o appareat until a
certain critical teaperatize s reached This critical
Lesperolore differe according 1o thre pomrce of the starch. At
this temperature, some of the gramoles swell comelderably and as
the tempevature rises further, move and wore zranules swell until
finally a thick paste fe formed. &1 thic =tage, gelatinization
ie said toc Ye complets. The temperature range between the start
of swelling and forration of paste s called gelativization

temgerature range.

1.4.2 Sw:lling Power

Vhen starch is pasted Ip kot water, the I[ndividual

grawules swell and & portion of the slarchk subsiance discolves



latu the surrounding aqueocvs wmedium.  hocording to Leach® %2, the
ewelling tabavionr of ctarch depends primarily on the streagth
and character of tke wicellsr network within the granele. The
initial wwelling takes place in the amorphous regior of the
grasele, This ooours at the gelatinlzation temperature.

Swelling power of some gtarches have been s&kown in Table 1.35.
The gelutinizatioe properties arg of considerable importance iu
the teyitile nnd paper indusiries where ease of coocking and

sclubility are of ilmportance.

Table 1.3 Celatindzatien tesmperature a» ~ 0 . _pover Of some
gterches ' %%
Starchk source Gelatinization Swelling
-Aexperatur i e

Maize 62 - 72 24

Vaxy malze 83 - Y2 &4

High amylose corn 07 - > 100 8

Vheat R - 53 21

Rice 1 - 78 19
Sorghun 02 - 73 22

¥ sl A7, 5~ 04 4G
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1.4.5 ¥olsture Contend

lew moisture content s lwportant for o good =torage in
order to prevent decay of starck. Dy stareh shopld be kept away
from moisture to prevent the growtk of fuagd and decay-causeing
bacteria. Under average zxblent ‘temperature and busmddity
conditions, +he equilibrivme wmoisiure content of mosl cereal
starches ir aboul 12%; whereas ithat of some potatu siarch 1w up

to 18%.

1.4.6 {olourn

In the food and pharmacevtizal induetries, pure white
colour of the starck ig imporiant. Such starches are used in the
fa¥mu1atinn of druge formec'?’ and cosmetic preparations.  Colour
iz also {wmportant in paper rizing where paper im cpated with

starck to give it a shiny face. Crlour. particularly on stanps

and pale envelopes ig alsc an important property of ctarch,

1.4.7 Refzactive Iudex
The refractive indices of certain starches are shown in

Table 1.4.



11

Table 1.4 Pafractlive Indizes of Starches” .

B S ———

Staich Toarces oo Befraotive Indiges

SRR 1.5222
Vieat 1.5245
Potate $.5135
Rt e 1.6210

1.4.8 Gel Streagth
Muvapise ip vtarch g} sleengt: have teon reviewed hy many
workerg' Y= '3 VA0 The curn induetriec gelomeler'™” ig ueed for
at sccurste measuremernt of the gel strength.
Certain gel stresgthe &t given starch conceutratiocns are

given in Takle 1.5,

Takle 1.5 Cel Strzagidk of Starch-Valex Paste

Starch Spurce Concentration Cel Strength
e A2 dry nubstopced _(R-Cm)

Sweet potato '1.96 o

3orghvn 4,66 A

Pice £ .40 a1

¥i)let .44 345



1.5 Uges of Starch

"
s it

woet dwmportant veer of etrach are iadusbrlal woce(s),

1.5.1 Food aud Beverages
Llitlough rouhed Starch le a gotd source of carbobydzate in
the dlet, It is rarely dacluded ia fuod joaduct for Lhis purpose.

Some of the usee of starck ip the food Industry ars;

(43 Canned oud Powlered Sougs

Starck ic used in lorge quantities i bhe soup iodustry as a
thickener: Here, ke paste ard lexture of ctarch ie important.
The starch must give sdequate thickening jower and hove a Lland
taste ae well as the yigh! tbtexlure 1o Le salatable. Siacches
which have high amylopectin cinlen! «.g waxky wmaice starch, are

veed In condensed stups because of lheir abilly to be diluted

satiefactorily.

€31) Ise-Qrean
In lce-cream. fillare sre reguited lo facrence the total
solide needed for ihelr Ligh waler Lolding <apacity. Starch

fulfile Lthis double requiremcrls,

111y Custazd Powder
Ftarceh with good colour and flavour ie used to make
custard powder. Ffusiard ls sveentially o coioured awd flavovred

storch wilh milk ac the liguid rather ikap waier,



(iv} Dapkery Producie

Vheat starcd has boen vewdful iz biecuit making ito inorease
epread and crispiness. By replaciasg 30% uf ithe flowr with wheat
starch, better worklag and handling characteristics are obtained
iz the droughl and +the finiched pastry ls wore flaky and reguires

less chortening becasse of tke redeged protein conient.

{v) Baking jowder

Baking powder consiste of an acidic swbotance and o
carbonate in dry form, When water is added, these react to form
€0» mae whick whexn liberated within a warm flour dough gives the
leavening effent in a gund luef of bread. Starch {e.g wheat and
mize starches’ are ueed ae dlivent in such cases. & range of
produnte which are alled "¥Worl syreps” are manufactured and

supplied ar adjuncis to brewing indusiry,

1.5.3 Paper Indosicy

Slareh s weed iz the paper industry iz large quastities
although i+ oply reprecents o small fractien of the toital weight
of paper and board manufactored (62,

It is employed at three poluts during the process.

(a) &% the wet end where the basic cellulosic fibre is beaten to

a cuitable pulp.
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(b &t the size prece or calenders. Thie is the shage =xt which

tbe paper sheet or bomrd hu: beesn forwed and pertially dried,

(¢} At stage (b} above, or later when the pigment coatings are

appiied tu the paper.

1.5.4 Texiile Industry
Starck le being utilized in the textile industry in

numerous ways, As earller stated in 1,.3.4, starck and starck

derivatives are used in four general areas. These are;

(a) A a nize for warp yarns

(b} As a finishing agent to change the hand and appearance of
fabrice

(c) In printing pamte as o thickeniag agent

(d) Az a compounent in finishes to glaze and polish sewing threads

Starch is also widely used as a etiffening agent for bafrics.

(a) Slzisg of warp yarns

Sizlng operatione are confined to the warp yarns to improve
tbeir ability to withstand the mechanical stresses and strains of
the weaving process, as well as add welght ic the yarsze in cone
{instances. The process of elzing is cometimes referred o as
slashing (15},

Yarw epun from staple fibrese suck ae cotton are sized with

starch to Incresase the yarn etrength 10-30% and to reduce the
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fuzz of the yarn by cementing the protruding surface fibres to
tkhe body of the yarn, |

Ta accomplish these, the size film {s added as & thin coatiug
on the surface of the spen yarn and should penetrate the yarns
orly far enough to provide eatisfatory adhesion, If the size
peunetrates the spun yarn, the varn will be too etiff. The amount
of size added toc the spun yarn is uswally 10-15% of the weight of

the yarn, though smaller amounis can be used (13}

(1> Properties of Sice filn

Rumeroue attempts have been made to relate the properties of
size filme tn  weaving performance. These  sorsemning
investigatione bave been helpful in eliminatiag unsuitable sizes.
Rowever, it bas aot been able to select from satisfactiory sizes
the optimum material for weaving a particular style of fabric by
testing size films, sized varne or by emall scale weaving itests
(13},

Veaving performance is calcﬁlated as a percentage of the
amount of fabric that «couwld be produced when leoome ran
continuously. In  weavimg, many fabric styles, weaving
efficiencien of 90% in 85% are commen and a difference of 1% in
weaving efficiency c,:an resellt in a lose or gais by the mill of
thnusanﬂi of naira over @ one year period.

The general praper®les of aize filme needed for satisfactory

weaving performance are described below.



16

Adhezion to filwes

Tkis is probably the Qost important characteristic of a esigze
fiin. 1{ good adbesion between film and fidre is not attained,
the size fim is guickly shed and does not protect the warp ase it
is braided during weaving., Starch film adhere well to cellrlosic
fibres because the two are chemically similar and hydrogen bonde
probably occur between them (313>, The extent to whichk the mize
ie¢ coated affects iis filwm forming properiies and adhesive
properties. The viscosity of the solution influences the extent
to whick the sice film peasetrates the yarn so that poor
penetratiom of the fibre is associated wlih ewxcess chedding

during weaving.

dbrasion Resistance g
As previouwsly mentioned, the primary purpose for sizing is to

provide a smootk abrasion-resisiant surface to protect ithe yarn

Jduriag weavinng. The size film wmust be bhard enough to resist

abrasion but soft encugh to flex and etretch as the yarns are
processed. The type of starch used and the material added during
cocking are selected te achieve the proper balance of properties

ta ensure abraeion resistance of sized yarns.

Eage of removal
Another {mportant property of size filn 1s itx ease of
removal during wel-processing., Starch filme are moderately easy

te remove with enzyme or acids and usually cause little
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difficelty in wel processing. Hard size deposits created wvhem
etarch is coagulated during sizing can create areas ibat resiet
size removal as can over-drying on the steam cylinders after the
eize smolution is appliesd, ¥odified starches are more readily
remaved than unmodified starch and arse copelimes ysed for this

Teason.

(11) Preparation of Warp Sizee
Varp sizes usvally contain three ingredients;

(a) Film forming materials, usually starch or a mixture of siarch
apd derlvatives, pr 2 syothetic polymer.
{b> Film modifiers suck as fate uvsed as softeners or glycerine
used as a humecant.
(¢} Lubricant, such as paraffin wax,

Various methods of size preparation exiets. These are:
Kettle cooking, sizeometer cooking, Homogenizer cocking and Jet

cusking (133,

{b) Figishlsg with Starch Solutions

Starch and stoarch derivatives are uvsed in textile finishing
gperatiops Yo cheange the eiifiness or bkand of the fabric, io
anddfy the appearance by filliag the interstics, and to add
welight {8). Since the fipish provided by starch ie tlempirary,
ite uee is confined tp inexpensive fabricve or 1o materials such

ae shade cloth or bosk bindings that are not to be wasbed.
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Fabric finished with starck alone are guite stiff asd brittle,
and the finigbing solutions usually contain relatively large
amouns 0f filw-uwodifying materisls. Btarchk is alse used in
cenjuaction with thermoplastic ar thermonsetting resins to obiain
a stiffeced finish. ¥hen used in this fashiom, it provides &

permanent change in the fabric properties (18},

(e} Use aof starch in priniisg and thread glazing

Thickeners are used in printing to give the printing paste
the consiciency necessary to produce a clean, sharply defined
pattersn.

Vegetable gums and derivatlves of <ellulose and starch ave
more suitable for use in printing than unmodified stiarch. To be
neeful, a thickener skould not be affected by the other chemicals
in the printing vaste, should not affect colour or cause pigment
aggioweration and sbould be readily removed after colowr is
fixed,

Starch ie alsen uvsed as an {ngredient in the solutions applied
to sewing tbread in tbe finml findshing operations. The exact
compoesition of the scluticne used are not readily availakle hut
they often contain starch, glue and wax, The sclution ie applied
by passivmg the thread owver a roller partially immersed im a
trough containing kot selvtion. The thread ihen pacses owver
rotating brushes ar it is dried by a siream of bot aizr. The
regculting fialsh improvee the lustres of the thread and reduces

friction during sewing operation.
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1.5.% Pharmaceutical Industry

Drugs and medicaments are oflen required to be taken 1o
swall but accurate doses. This 18 convenlently done Ly their
adminstration in the forwms of pille and tablets which contmins a
quantity of filler. Starck ie used as & filler becavse 1t ie
bland, odourless and capable of digestion, Aspirins tablels are
good examples of thie. Starch is also vsed «8 an atiractant in
ineecticides; a8 an absorbent due to it’s  hygroscopic
characteristics; a5 a disintegrant tc enable drugs to be taken in

bits; and as face powder,

1.5.6 Adkesives

By it's pature, starch mkes & gond adhesive in various
forme; it is uvsed in o great wvariety ol ways for this purpose.
It is ueed iun the manufacture of corrugated and laminaled paper

boards, remoistening gume and wall papers for home uses.

1.5.7 Q41 indusixy
Yhen bores are being drilled fur the establiskment of oil

welle, » composite drilling mud le pusped down through the hollow
4rill. The purpome of the mud is to lubricate and conl the hit,
¥odified wstarches are vsed iz the med tu give the correct

viscoeity and water hkolding capacity.



1.6 Properties of Starches that gqualify ihew for specific
applicationes

Like all eystems in wnature, the characteristicz and
properties of a particular starch generslly measures it's

effectiveneen in a pariicular application.

1.8.1 Rise Starch

It i2 used mas a coemetic dusting powder due to it’s szmall
granule wsine and stromng <overing pDwer. t's use bhac been
particularly recommended for infante becavee of it'e non-toxicity
and absence of irritant effect 1f inhaled. Due to iis smail
granule size, 1t penetrates inte the intersticez of the falbrilc
when vsed as a laundry stiffening agent.

1t is used as a custard or pudding starch due to the bland
flavour of it's paste and as an attractant in ispesecticides for

the same reason.

1.6.2 Potate Starch
Potato eiarch pastes penelratee the fibres deep before
cangealing than cereal starch pactee do and consequently impart
added strengih. The +toughness and flexibilily of filue of potato
starch relstive to other starches permits warps io be woven at
lower bumidity than would otherwise be possible.
The smooth clear appearaance obltained witbh polato starch have

pther advantages in warp sizing. Por instance, mechanical



etresgth (elaviowr of e slze during starage and usage).
Potato starch has a low tendency to sel-back or relrograde to a

gel whick ie essential during planl shut down,

1.6.3 Cassava Stauh
Due to it's kigh viscosity, ease of cooking and colour;
caceava etarch ie ased as & diluent, thickener and disintegrant

in fuod and pharmaceutical industries.

1.6.4 Maize (Corw) and Guinea-Cors Starches

Like mosl cereal starches, malize and guinea-corn starches
have small grauule sizee, white <olour fexcepl for red guinea-
corn), waler resistance and smouth appearance when used in paper
inductry ae a cooting. They alse give woderats penetration, and

hence glve the correcl degres of surface leading in pnjer jrese

(a) - z 5 zhies

This is the "cold water esluble® starches thal have been
cooked, (that ie gelalinized and dried? It Las been oYwerved
tkat the paste of ile pre-gelatinized ciarch ie ot as viccous,
por as emooth Iy texturs and is lees trancsparent to light. Thie
is because there ic lose of some swelliag power In the processing

as well as a significant retrogradation.



b Oxidized starcles

Starch cav be czidized by a ausber of chemizal ageats lul
copmer<inlly ecdlum hypochloarile ie usuwally emploved. During
oridation, aldehyde awd ketu groupes are formed depending on the
pH value at which Lhe oxidatico le carried wut (150, Oxidatiom
caiEes rupture af the weplucasidic bonde between  the
glucopyranose trite and thie rapidly clanges the starck to a tkin
bailing type. The presence of ke cxrloeyl and cardoxyl groupe
along the limear chalne of starch prevents ibhe associatick asd
buadling of these chainse whkich le characterlstic of cayloue
fractiou. Therefore, the paste of an ozidized etarck kas lost
some of {¥'c tendency to sct-back and move transluscent than fle

parent starck. Thus, visvesity of the starch is lowered.

() Bzid Modified Slazch

Ar aeid treatment of ctuarch breake ithe starck chalas by
hydrolysis at a nurber of points. The important effect is the
breakiug of the amylopectin chalue in 1P'e brauched structure o
give fraguerty whicl are swffliciently lincar aud of an effective
elve to fure buwdles ané therely lporeasing the tendeacy of the
elarzk paste tn form gel. The overall effect 3o that there is a

reduction in the hot paste viscosity and setb-back,

(@ Callonic_starches
The simple reaction betwsen 2-di-ethylazino eldly! cblorlie

(C.H-YN.CYe CH. . CY1Y and starc) under alkaline condltions
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produces a starch which is a good example of an jmportant group
ef catiople sltarches. Intrgducing the tertiary aminc group into
the starch wmolewnle piver 1t the property of carrying a
eignificant positive charge when dispersmed into water.

Apart from carrying a poritive charpe, cationis sterch ethers
shkow marked chamges in paste properties vhen compared with the
original etarch ¢6). The paste has a higher light traesmittency
and less tendency to retrograde. It also has improved water
retention propertles, giving a higher wiscosity tban ithe original

gtarch.

{e) Crops-linked starches

It is possible to form hridges scross the large number of
chain contained ir =tarch. Cross-liznking decreases the swelling
power of the starch and conceguently the viesopsity changes. A
very smill amount of crose-linking reinforces the granule and
subeequent paste siructure and this resultes in higher viscosity
and increaces resistance to break down.

The major diexdvantages of crese-linking starches are:

{1} GStability of tke starch paste at low temperalures is
dininished,
(11} Loss of ligkt transmittency in the pastee, particularly om

storage.



(Y March ethers

Starch ethere are prepared by the reacticn of starch with
pithylene oxide (B, Although tke physical appesrasce of the
starch granulezs is unchanged and the degree of substitution is
guite lnw, the basic properties of the sitarck are asltersd. The
pastes of the starch ethers show a greatly reduced tendency to
retrograde and form a solid gel.  Starck etkers bave a lower

pasting temperature than the parent starch.

(g} Qthers
Other modified starches include siarch esters, dexirins,
glucoee evrups, and dextrase, where the chemical nature aof the

starck 1s in one way or the pther altereg.

1.8 Exlractlan of starch (siandard procedurse)

Starch from various crops are extracted in different ways.

1.8.1 ¥alze ularch
ftandard procedure for the extraction of corn and guinea-
cfrn 3s the Y¥Welt Milliug Process” (13). A flow diagras indicating
all the procesces and end products in the wet milling process ls
shown in Fig 2.1.
The general sieps invglwed in the wet willing provess are

cgutlined helow;



. 3

- Fia 1.9 100 DIAGEAN DF 30 WO IR ENG PROCCSS ()00

e TR
ML Y GRAING

LTl L

— ST W -—l-—--'."\'l'{'[:{‘ Tl

EYAPORATT DTGERNTHATOR HILLS
STEEP Wniry I TR & A CITl [ A Coc i
COMCEM I
! - |
’}.'__‘__________ IR ag—— NIMDIMS )] - ‘-"”.‘-:llf_'-_'- ,"?:'5
DEIEFS L
j AR TH AR R ¢ DIL EXTRACTL

FETT 1
b CUMIIRIrT et

-~y
"'\Ii."?.

W

17
l ML nEn

g | - —— MR RN, R Y Ty

STt

1 ' a2 FIL TERS . SRR O
1

—— L ———

e ———

l STOCK TEMTRITGN
IR - £onp REPERNTDRS

oLl .
ATFINED O
I-._.. = AT 1) it e viiis
Dt M TR ] R S U
- r
1"' R B
(N Iln \ I' ]
. | TE)L 0T




26

(1) T 7 T QRALEG
Targe and small plecee of cob, chaff and other undesirable
foreign watter sre removed by eoreening.  Vhile dust and light

ckaff are rewoved by sspiratios.

(ii} QGIEEPIRG

Faftening of grain bo optimize milling and separation of
maize components with the aid of water is referred to as
ctecpling. T optimize starch recuvery, a correct balance of
water flow, temperature, 0O0» concentration auwd an  adeguvate
populatios of lactic acid bacteria sust be maintained. After
steeping, i1ke grains should Loave absorbed 456% {(wet basis) of
water, released £.0-6.5% of {ts dry substance solublee into the
steep water, abmorbed 6.2g-0.4g per kg and become sufficiently

eoft bt yleld when sgoeepzed between fingers (13).

(iii) MILLINC ARD FRACTION TEPARATION

The object of milling process ie to obhbtals as much as
possible & complete separation of component oarts of the mize
keraels.  While commercial resulls are uwyavailable, laboratory
lents give the fullowlpg resulis shown in tables 1.6a and 1.46h.

The grains were eteeped for 48 huw at 5270 in 0.1% SD. at pH 4.
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Table 1.6a Lﬁ&ﬁﬂﬁiﬁﬁiMiﬁizElLLIKQ"REEELIEﬁQBI&1§EBMER*W PRCULAR
AED _HIGH 011 DENT MAIZE XD REGULAR RED XILD (132

Fraction Regular dent High 011 dent Red ¥ilc
) corn. (4 (%)

Vhole grain

anslysis

¥ointure 14,3 13.8 14.9

starch 71.% /7.0 73.1

Protein 10.5 10.4 13,90

Fat 5.10 7.96 3.6

Vax trace trace fH. 82

Soluldeg

Yield 7.6 10.9 7.240

Protein 46,1 46.9 41.5

Starsh

Yield 63.7 69,7 &§0.17

Protein 0. 560 0. 26 0,32

Fat 0.02 0.03 .03
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Table :.

Yield
Starch
Protein
Fal
Ellie
Yield
Starch
Pratein
Fat
Gquesges
Yield
Starch
Proteln
Fat
Tatal dry

Gubetancs
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. LARORATORY VET-XKILLIKG RESULTS OBTAINED VITH REGULAR

AXD AIoH OIL DEXT MAICE ARD KEGULAR RED MILD (13}

T3 16.6 £_17
2.6 7.2 $9.1
0.7 7.2 11.9
S5%.9 65.5 36.7
£.30 7. 14 2,44
5.5 o.0 0.30
i1.4 12.3 26.7
33.3 1.8 19.7
1.8 2.2 3.8
4.5 3.8 9.340
13.4 12,3 36.7
138 11.6 16.7
1.8 il 3.5
2.9 .6 §.57
0.7 23,98 74.8
6.3 & 20.7
.3 0.4 1.6
2%, 4 101.9 a3.0
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The defibred =mixture of starch and protein is known as "Xill
starch?. Protein contenis waries from 5-8%. The low deneity of
the gluten (1.1) particles as compared with starck (1.5} alliows
for their separation. The historic method of setting starch
ucing tablegs (17} has wirtvally dissappesred, Centrifuges are
vead now in most industries. The bheavier starch granuwles are
thrown to the periphery of the centrifuge bowl and are egjected
through nopcles, while the ligher are swept up by a cousier
current stream of water belween angled separator plates and out
along the central azie.
ftiwy  DRYING

The history of drying has been nne of continved reductiom
iz drying time. Rew drying procedures with reduced product
retention time have given improved quality. Fefined starch
slurry hydroclones are firet dewatered vo a moving belt fllter or
inr a basket centrifuge prior to drying. One popular starch drier
eaploys a moving belt of metal fabric that carries the starch
cake  through chambere of circuléted air Lheated ito desired
tewpersture and fiﬁaiiy thre ' . cooling chamber. The entire
cyele regquires 20-60 minutes, dependisg on the nature of product

being drizd (13).

1.8.2 RICE STARCH
The menufacture of rice starch has been going on for many

yeurs in Burope, principally Germany, Belgium, and thke Nether-~



lands, From abort 10932 until 1643 it was manuvfactured
commerclaliy in the United Jtates.

Rice starch granules are bound intg a rigid structure by
protein in cloee association with the starch,  Chenmioal treatment
is secessary to separate thie proteds fractiom from the starch

dering masufacturiug process (13},

Table 1.7 CHEMICAL CONPORITION QF RROKEW BICE <133}

LOERTITURAT BANCE <%) _Avmnpar sey
Ash 0,36 ~ 4.61 .44
Protein 4.8 -~ 12,0 8.0
Lipids 0.26 - .05 .54
Starch 87.2 - 93.58 Q0.2

Because rize starchk granulezs are very smll and are
surrounded by a waler insoluble protedin, moetriz, it is wecessary
to soften granules by chemical means first. Orlande Jones who
operated a starch factery in London, Iin 1840, patentesd a process

which vobodias the general prinpciples of the processes now in use

A process now in comeen use iv known as the ALKALT STREP
process. Thim involves eteeping rice for 24 hrs dxn five times
it's wedight of ecdium bydroxide solutiion which comnelsis of 1
part of NaOH ito 350 paritse of water to ecften and partially

disintegrate the kernels. The sodive hydroxide soclution is drawn
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off and the kernels are then washed al least twice by vigorous
stirring in excsss water, The waber ile drawn off and the rice is
dried inm bags. The dried rice is ther grouwnd iu an attrition
i1l and the finely grouwvsd flour {g stirred in 19 times itse
welght of sodium bydroxide soluticon., After 20 hrs the starch is
perwitted to settle down for 20hra.  The major portion of ihe
prutein is contained in the supermatant spdiaw bydrozide solution
whick 1s carefully siphoned off. The starchk is ther suspeaded is
20 times ite quantity of water asd vigorously stirred. The
diloted starch milk is screened off to separate whatever fibre is
present. Vashing, cetiling and siphoning are repested and the
refised starch milk is allowed to settle. The starch is ther
recovered and dewatered, the mase is then dried. The dried
starch 1s crushed iniv lumps, packaged and skipped (13},

Ciles processes used in the menafacture of rice etarch are
the American process, village =method, and the Buropean process.
A11 these methods make use of scodium bydrozide soclution during

the wamufacturing procese.

1.8.3 POTATO STARCH

It is difficult +to define a typical composition fer
potatoes, however, it kas been discovered from aralyeie of
potatoes grown in Xaine (¥, 8.4} that eastern potatpes have 18-20%
of toptal - 4 and Russel potatoes typically about 22%. The

following may be considered as illustrative of potato composition
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crpreesed ir percenicogy om the dry bacls starcek 95, wiliogedcue
compaunde, 10; Inargantec compeuade, 15; wugais (freslhly harvested
potatoes), 2.5; crganic acids (mainly citric), 2.5; crude fibre,
2, pectic subgtancee, 10, fatty and wany subutances, 0.5, minor
constituents, .0 13},

To muufactore starch from potatoes, the potatoes are wmilled in
wvater  The zells are distintegrated ta liberate starch, ekin and
fitre nre then separated from starck by screening the water
slurry.  Femowal of walsr solubles is effected hy washing and tbe
vemtfaing inseluble iopurities are removed from the slarch by
peans of gravity separation.  The starch i{s then dewatered and
dried. Time taken in lhe processing of potato starch is as short

3s 1br pr even lese {12).

1.8.4 CASSAVYA STARCE
Cassava (Taplocad tobers are walualle for its large
tiberouse roolts that are rich im starch. ¥ost modern caseava
star<h mpafacturine industries uyse freeh cassava roote grown by
proven aeriewlaral methods howewer, a good gualitly slarck bas
beer made in some of the potate slarck placls in Burope usling
pesled, drisd casrava roots imparted from Africa This procese
ie coetly and star~h from thie pracess have Aifferent viscosities
from those that are freeh
Industrial grade coseava starck ls produced io Thailand hy

hand tabour welng woden tadle for setiling the sterch. The roots
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ars v 1o and partialiy peeled as they PABEB through a rotary
wacher-peeler.  From the waeher the roobs fall inte a grinder.
The rooto are LTS apart to forz R coarse pulp which 15 mixed
with a little water and allowed 10 ferment iun a cement tapk oF
vooden tub for & gay of rwo in order to break op the root celle
aznd relepse ware wtarch.
The fermented pulp ts then poured b¥ hand untp = shaking
ryoro1 o th fabric that resembles a mosquito net. A sprov
af waler over the SCresD waphes the starch and some Tibre. The
gtarch milk is then allowed to settle in 3 wooden &2 cenent tank.
The su, - 1iguid is gyaws off and the starch rake dry 4P
with wooden paddles. Thizs starch I8 aixed with fresh water,
gsually in wooden tobe and stirred by hand with woodeh paddles
and allowed 1o cetile again amd the gapernatant 1iguid is drows
off. Starch cake Qg P ig crvmpled amd gproad on rapboo sats Lo
gun-Ary-
The praduct i not spitable for food but for cerialn textile

sizing and for panufacturicg sorrugated paper boarde (133,

1.9 EHISIQ&L_AIE#QEE!lﬂﬁ? eeOPERTIED

1.9.1 ypH_of STARCE
pi of & gtarch prodact aifects the physical properties of
grarch pactes. Forual pH of freeh caguawa reots I8 £.3-6.5 while

the procese water kas a range of £-f. Ary casFAva gtarch having



pR oatsdde thiz zasge ooy be as a gre=all of ald or exciled

row mterfale and’or other factore in the Trocassing Ta ile
contrary, vice starch tewd Lo pweess Kigh pH walues This is
attrivuted to fle Jazt that a1l conperiial  Tioe  plarch
mypulacturing srocess: lucolves the use of Kal¥ fur steoplng in

gerersl, eycess aliall s remowed by wasling wiih water ond o
attenmpl ic made to meutralise the {inal product. FRence the pl of
rice gtarch s genrerally around £ 0183,

Koe! wnmodified starches are adjueted to & pH lewel of about
5.¢ durisg ile fiunal stagez of processing, come wodified and
derivatized starches an the atler hand may te adjueled to a

somewhat kigher pH value.

1.9.2 GELATIRIZATION (OF STARCE

(1)  THEREAL CELATIXIZATION

Vhen In waler al prougressively higher temperatures, lle
sranuler of starchk firct gelatinize and lose thelr polarization
CrOSLED aad thersafter undergo contlinged svelling
Gelatinication may be defiued as the lasu of the laterferonoe
cress wizible within the granule nader prlarized light, awd the

gelatinization fcuperature lo that point at whick this tvansiticun

occure $13), Vhile each irdividual gromule gelatinizes guite

sharly, nct all the grapwlee in a starch samsle gelatipizes al

the came temperature mt rather over a range of some 8-10°C,



Thie zellectr Al feivaceas dn the Juleakal Vondiag forces within
taddvidual grancles. Tie resullisg gelatlisizallion range is
sharacteristic of wsach slarch speciee or wariety of pedifizd
ctar<h.
Yormslly, Lhe gelsliaizatiun lenperature i uned fected by
Tinear silazch fraztlon, and hence noramsl and wazy clarches of the

came cpecier uviaally selatindze owsr 1ke same temperature range

fze Table 1.4 [ gelutinizalica temperature zange of some
sLarcher.

Three differenl criteric kave Deen weed to detect the
selatinization lewperatore, lots of brefringesce, iwrease in
optical traneadilency and yise in ciscosity. The measurement of
the Jdosn of biref:lwgence is the moct seasitive, accurate and
repmroducilic teckalques 1%,

The Xofler micruscope kot-stage, provides a simple and rapid
weane  for Jdetecting the lzec of birefriugence. With 1this
lestrament slpnedd gelulipization curves may be obtasned by
grashing Lhe zercestage of graxules that have loet Lirefrigence
auatust Phe tempecaturo In =moel casce 1t 1w wot mecessary 1o
run lhe sulire geinliplzelion cuoiye; however, the initial and

flua’ polnte slould alwayes be determined.
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The uce of leated water Palt s ot often recommended, This
Is becavre lompeiature at the walle of the vessel will ke hiagher
than the sinciniog part of the vee el leading b progelatiniza-
tion of the ctaoch granules in the vicinity of the wall,

Golatinizol:on tempersture range may slso be delerwined using

B oviscodanmylalgaph, This ie an o dustrunent which plots  1he

increase in wicteeity during gelatinizabion, The  incetrument

consicts of a rolating stainless cleszl cylinder cup containing

verbicel e, The cup is vorronnded by o bealer whith bronemits

heat by radiation and il ie by this weens lhat the starch slurry

placed in the cop ie converied inte & paste, N stainless sleel

feeler unil wineh dipe anlo e puecsbe From above when e cup i

?Ofnlil‘u;:, bwie i l’-y’ ar ol ({:’-;l!:ssdsng an e '.‘i!".(_"',il--_,' of the
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starch under  toot The  wowvenent  of  Ahe feeler unit  is
transwitied 1o o bLalante syelew ond recording  pen, The
temperaturce of {the pestle during Ahe aotomatic bealing phaee:
increszes ol 1,590 por minwle and ofter o holding period al @
sudtuble laogh tergaaabunve Cosird ly 9722900y e roeded ol Vhe s
rate to 020, The reeulting curve whitch i+ traced by pea shows
the belwvicur of «toeeh i walter ol veacrous temperaturese when it

is subjected to o wild ehesring action €11,
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Table 1.2a Zpflmx Celablinlan'dnas leaspecalurse ol varimue staxcles

aitiation, aid-paial sol compietlon’ (11}
- weeme—ineodifiod abarckes 0¥ e
Kates 72-07-72 . Wazy waice G3-6A-72
Sor glkum 55-75.%5-78 : Vazy serghom 67 .5-70. F-74
Vioal §8-61-04 : Rarley 51.5-57-556.5
Tapivnca fascava) . Bye S7-51-70
(Brarillian} 49-57-84.C Pza (green garden’? 57-74.5-78
(Samezcy 62-68-75 : Rize 68-74.5-75
(Dorintcany 58.5-64.5-70 : Rigk amylose corn 67-80-7

Potaie 99:63-90 . . i
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Table 1.%%

&add owediflisgd starck
40 {luidity &62-67-72
76 fluidity 63, 5-60-72 8

80 fluidity 62-72-77

Qxidicsed melze Star-d
Low converted 55-64-73
¥ediuz converted S4-60-8D

High converted 52-60-60

Crass-bonded miarchen
Vawy sarghum &7-76-77
¥axy maize 63-70-76

Corn 62-69-T4

fntionic maize sierch  hiek viernalty
¢.44 1.3 52 -HR-G5

0.11 .8 Foom temporaiure
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(11} Chemioal gelatinization

tqueous enlutione of certain cubstances gelatinize starch
at room temperature. Kangels and Balley (18) studied cold
gelatinination of wheat olarch in agueove solutions of various
reagents, as followed hy measurlng thke relative wviscosity of 2%
atarch dispersion after standing for 3 kr as J0°C. Mcoroscopic
gheservation indicated that gelatinization was directly correlated
with granule swelling, Karked diffefences were observed in the
reagent concentration required to iesduce gelatinization and in
the subseguent extent o©f gelatinizatlon as the reagent
concentration was progressively imcreased, Sufficient ewelling
to increase the relative wiecosity to a wvalve of 4 was obtained
with the following reagents at the iadicated molarities. Na0H
(0. 000y, KOH (0.17M), eodium salicyiate (0.8N), sodium, Ammonium
or potpesium thiocyanate (1.4-2.0¥), sodiur or potassium iodide
(2.4¥) and urea (6.32MX}, CalCla soclutions up to 2.4U caused
pronounced granule swelling if they were allowed to act for a
sufficient length of time. Also, partial gelatinlzation was
realised when sodivm or potassium bromjde was ueed in
concentrations up to 4.5K. No delectable swelling ocoured ip ON
¥all ewen after prolonged standiang at 3070, doilviiy of sodium
compounde corresponds to the Hofmelster lyotropic series witk the
following anions listed in decreasing order of gelatinization
power; hydroxide, salicylate, thiocyanate, iodive, bromide and

chlorigde.
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Cold gelatinization of starch is also achieved with the use
of other chemleale such as agueovs solutions of Ammoxium nitrate,
chloral hydrate, and sndium xylene sulphonate. Agueous alkalil
suck ae lithium hydroxide, Barium hydroxide eto are alist reported

te cause opld gelatinizatiow of starck (112,

1.9.3 Viscoeity of Gtarch Paste
The ability of starck to swell and produce a visecouns pacte
when heated In water {or treated with certain chemicals) ig its
most impurtant physical property in  practical application.
Consequently starchk is widely used irn the pasted forz for a
variety of purposes.
There are many wethods for deterwining vwisceosity of a starch
paste and the selecllon of the proper wethod will depend on the

purpose of measurement.

(1} Inherent Viecosify

Treatmwent with HCl and oxzidation with hypochlorite are the
two oldest and moet comsouly practiced methods for starch
modification. This treatment briage about significant changes in
both phyelcal and chemical properties, and chamges in the foruwer
are attributed largely to reduction of molecular size. Although
such changes are pften detected by means of intrinsis or limiting
vigcority measurements, the method is not suitable for contrel

work nor can it be recommended for accurate appraisal of molecu-
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lar size of most starches contalning mixtures of amylose and
amylopectin which differ in both molecular size and structure.
Limiting wiscosity is useful in determining the extent of
degradation occuriag derieg sterch  medification  dnvelving
bydrolysis.  However, since the method is time coneuming and anot
suited for contrel analyeis, =implified procedures have heen
employed., Ope of the earliest oae - point procedures was the
alkali fluidity method introduced by Buel 1In 1812, Fluidity is
the reciprocal of viscerity. MNodificatlions of the Buel procedure
arg still in use. Dore of the most significant being that of
Fetzer and Kiret (16) whke selected sample concentrations related
to the extent of molecular degradation. The standard procedure
which was spoascred by the corn industries research foundatlon
inc., im copperation with the Foundation Analytical procedures
sub-comml tter wan developed e as to overcome deficiences of the
foromer procedures. The resulting inberent viscosity method has
heen adopted ws a standard procedure in the coro wet-miiling

ipdusiry.

(117 Hot Paste Viscosiiy

Substantialiy all etar¢™ ... ‘idicatione involve the use of
cooked pastes. Reatisg or cocking agueous suspepsion of granuvlar
sltarches canse these grasules Lo become highly hydrated and swell
many limes their nwn original wolume (12).  Continued cooking

particularly in the presence of shear produces cooked pastes



which are miwieres of ewnllen granuvles, granclie Iragments and
molecularly dispersed starch leached fraom the granules,

Changes in granule dimencions and structure during the
copking procese Is accowmpauied by wmignificant vbeological
properties.

¥ebhods of determination of starch paste viscosities have been
the sublect of contreversy. &t present a variety of procedures
hased or rotational devices and flow through orifices exist.
¥ost methods in cnmmon use wemzure consictency of which viscomity
ie the principal component (13).

¥ethopds used by manufacturers of corn and sorghum starches
are those that employ ithe Brabender aaylograph, the corn
inductries viscometer, the Scott viscomeler, and ihe brookfield
viecometer. Others include the PFolo wisce, bLie Ferranti~Shirley
cane-plate viecometer, the Hercules Hi-shear ipstrumest e.t.c
{13},

However, ithe Brabender amylograpk and the cory izdusiries
viscometer are the nost widely voed inctrvments for this purpose.
Each of these instrumenis is desigped 1o measure the viscosity of
etarch paste prepared at concentration levels approachiag those
veed in industrial applications. Viecosity ovrves obtained with
these ingtruments are cimilar byt npot  comparable duwe to
differences in instrument characteristice and pasting procedures.

1

Proper interpretation of pas’- lvooslty curves reguires a

thorough understapnding of the svents that pocur during gelatini-
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zation. ¥hen a concentrated agueputs suspenslion of starch is
heated, the individual granules gelatipize and swell freely until
they imbibe wvirtwally nll the available water. As a reswli, the
swollen granules become increasngly susceptible to disiuvtegration
by mechanical shear. In addition, the bording foroes within the
granules become tenupus, and henge, the fragility of the granule
townrd thermal or mechanical breakdown increases dvring the
entire cooking cycle (113,

See fig 1.7, 1.B, apd 1.9 fur viscosity curves of starch frowm
varioue sources at different temperatures and time (G).

The paste vigcosty pormally risee rapldly to a peak walue
fyhick ir a measure of thickening power) and the svbeequesi rais
ef fall in viscpsity is a ®messvre of the abllity of the ewollem
granulee in the starch paste 1o resist thianisg by prolonged
beating and wmechanical shear (6. The further alteration in
viscosity over the holding period at tde high temperature gives
farther information on thie polet. 3= & rule, starches that are
capable of owelling tn o high degree are morse affected by
breakdown on cocking and stirring (11}, For example, maize
etarchk exbhibits a much lower wiscoeity than potato starch but is
more stable on furtker heating and etirring. The maize paste
coneist of granules that are not very swollen in cantraet to the
potato in which the granvies are felly wstretched and swollen.
Therefore, in additionr tc  *: =ity differences there are texiure
differences with the potate pas!. ~ 7.y long tewxtured and striugy

whereas the malze paste {1 el textured and heavy bodied (6,
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The latter part of the Bratesder wiscosity curve shows lhe
behaviour of the pastes wpon cooling. Starches that exhibit set-
back for retrogradation of amylose chain) increase sharply in
viscosity wpon cooling., A good example of thie is mize starck

{Ge,

1.8.4 Fige Swelling and Solubilities of Starch

£e the temperature of ar agueous suepension of etarch is
raised above the gelatinization range, hydrogen bonds countinue to
be disrupted, waster molecules become altached to the liberated
hydrozyl groups, and the granule continue to swell. Ae a direct
resull of granule swelling, there is a parallel increase in
starch solubility, paste clariiy and paste viscosity, It is well
known that the degree of ewelling, the extent of splubilization,
ard Increase in clarity are each directly dependent on pasting
temperature.

To ocbtain fundameutal information about swelling of granule,
ap excess of  water et necessarily be present during
gelalinization £6 that granule can swell freely withoul nechani-
cal dieintegration. 2 method Lhat meels thle requirement was
used by Leak, McCown and Schock (120 for measurinsg the swelllng
and aleo sclubllity bebaviour of wvarlows types of starch.

The above method [e hereby described here.

£ weighed etarch sample is suspended in distilled water iu a

cent: i{uge bottle. The latter is heated for 30 minutes at a



specified temperslure by dswercion  in o lhermostatically

- gontralled bally, wsanehidle clivotng aunlly bo keeo stavch granule

supended,  The «anele 16 Waen penl DTuaed, Hhe agueons supeer il e

e remeved,  The wwelling powes it caleulaled we W weighl of
sedineont. por Qrin of dey stacch, and iz valoee 1o then corrccled
for tolubles to provide o meature of wwelling of the undissolved
portion of ihe clarch, Diczelwved clarch subsience is delermined
directly by a;ying and weighing an aliquotl of ihe supernate (11),

Swelling and colubilily palierns are obilained by plolting

gata weacured ol 537 interval over U pacting rande,
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1.9.5 Paste Clarity

On thermal gelatinizaticn, the initial cpaciity of an
aquecus suspensicn of starch decresses and the paste beromes
progreseively more transparent, The quantitative relationship
between extent of granule swelling and paste transmitlency has
been established, This was done by pasting 1% asouecus dispersion
of starch at various temperatures in an identical manner to that
described ®arlier for ewelling peower detlermination, Duplicate
samples are prepared Bt each temperature; one for swelling power
determination and the cther for optical measurewments, Boll light
transmission and light reflectante messurements ore wade af Ler

the paste had aged 24 hre b 1070, When light transmission is



50

plotted against rwellisg power, tle vone lisear correlaiion was
obtained for all Lthe [ollowing ummodified starches: Arrowroot,
carn, potaic, waxy scrghum, vics, sage and tapioca.  Hence light
trancmicsion i a direct meacure of granule swelling independent
of starch specier; whichk omfivym the ontical method I
evaluating slarch paeling. Vigual ec'lmation of paste clority is
not related to lighl transsission hut light reflectance, an
entiraly different pro.erty. Paete reflechtancs  shows  na
correlation witk gramile cwellisg tut may reflect difference iu
optical homcgensity willisn the granvlee with recpect to vniform
bydration.

Paste clarity ie direcily related 2o the state of dispersion

and retrogradation tendency of the starch 113,

1.10 Slarck Economion

Industrial consuaption of starck has facreased in recent
years. Tu Kigeria the azpval consumption of starch by industries
is In the region of lunfrede of tboveand of tonnes whick ie wortik

bundreds of millious of aaira.
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Table 1.9
sRative Dextrose Dextrin Glucone Laciose Sucrose
serarch  Ashvdrous

Food and

Beverages : 15,000 158, 040 10,215

Autpmotive:

Dry cell 702

Batteries :

Cosmetrics:

& : 8.4

toiletries:

Praroecu~

ticale 840 8,470 10 34, 200 BGS 3,110

Pulp and

Paper : 1,038 19

Textilas : 5,400

Tatal +22,648.4 20,470 ol 46,215 365 1,130
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1.1 fles ond Ghjeclives

The prisary aims and oujectives of this project are:
{a) To entract starch from cereals such as maize, rice and guinen
coen fred), aud tubers suck ae cassava and potato, as well ae
determine the percventage of starch recovered.
Yy Ta determsine the following physical properties of  the
straches. (i} Colour {(iij odour (iii) moisture (iv)} ash content
(w3 gelatinization temperature vamges (vi) description of starch
poste fviit viecosity of slarch pastes.
(> To determive (he followiag chemical properties; (1) protein
aud fatty matter conteat (il pH of starch pastes.
(d} To apoly starch pastes lo yare in order to determine the
percentage increase in yarn streungth for eack starck sample.
(e) To apply elarch pastes te fadlrice in order to determine the
increase or decreace iu Lhe following parameters.
(i Stiffuece of fabrics
(il' Thickuess ol fabrice
(111} LAlr perweabilily of the {abrice.
(Y To apply slarck pastee to fabric such as "guiunea brocade®,
Army kbaki and "ankara®” and carry out schjective aecesement on
te gquality of 1the fabrice. The following parameters are
assessed.
t1} Stiffnecs of folwics
(11 Odour of falrics

(11i) Colour of fabrics
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(g} To modify corn and caseava etarches by acid-nedification; and
finally

{k} To determine some physical properties of +the modified
starches before subjecting the starches to the tests in (&> and
{(f>.

At the end of the project it should be possible to have a
Clear picture of the properties o©f these starches and their
relative efficiencies when used as a wiliffening agent and for
sizing warp yarans. It my slsoc be possible to make a proper

comparieon between the various starches,
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CHAPTER TWO
2.0 Experimental Proceduces
2.1 Instruseniation and Bguipments
The following equipments and instruments were used fnr the
rroject;
(13 Compercial grinding machine
{14 Fylen cloth
{131}  Veighing scale and balance
{iw} Plactic bucketes and dryiang itraye
(57} Porcelain dishes
(wi} Dessicator
{uii) Vacuum oven
{viii} Ruffle furnace
{ix} Kieldahl digestion and distillation unit
{x} Seperatory funnsl
{zi2 g meter
(zii} Brockfield viscometer
{xiii} Thermoweter
{giw) Instron strength fester
(xv?} Shiriey bending lengik tester
{xvi} "Eswndiel" Thickness gauge
{xvii} Ghirley air permeabiliiy tester
{x7iliy ZHtirrer
(xiz} Heatiag mantle

fxx) Soxhlet extractaor
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2.2 Stazch extraciion
(a} (ascava
lkg of cassava flour was socaked in 10 litres of water and
stirred wvigorcusly for 10 minutes, after which the slurry wac
gleved using a nylor cletk. The resulting mixture was allewed to
settle down for 12 howre.
The wpper layer was decanted leaving the lower (starch)
layer. The sierch was alr-dried 1111 it was thoroueghly dried,
afier which it was welghed, and ground to fine powder.
The percentage of starchk recovered was calculated using the
fallowing egquation.
Wt. of siarck (g}

% of starch recovered = ---——— s oo — - x 3006 ... .. 5.1
¥t of sample (g

{b) Potato

ikg of washed, and peeled potato was ground inte s slurry.
Tre slurry wae filtered using a nylom cloth and the fibre washed
with water to remove any remainiag starch in the fihres.

The mizture was allowed to stand for Shrs after whick the
upper layer was decanted leaving the starch below. The starch
vas thorpughly air-dried, weighed and ground into fine powder.

Tke percentage of starch recovered was calculated using

equation 3.1.

() HKalzeorn and Guipgea-cqrn
kg of maize and guinea corn grains which had been cleaned,

vac steeped in water containing 50.. The maize aund guivea cora
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wae eteeped for 24 hours after whick it was ground inte a slurry.
The slurry was filtered using a =wrylon <loth and the remuliant
sixture was allowed to stend for 12 boure 1o allow for the
coxplete settling of ithe starch. Afier this, ithe upper protein-
containing layer wae decanied off leaving the estarch below and
the etarch was dried in a tray under the sun. The siarch was
weighked aud ground into fine powder. The same procedure was
repeated for graine steeped for 48 hrs, 72hrs, 906 hkrs and 115 brs
respectively,

The percentage ©of starck recovered was calculated using

eguation 3.1.

(d> Rice

1kg of rice was steeped in § times its weighl of cmustic
soda solutipn ooneisting of 1 part of caustic soda to 380 parts
of water io spfien and partially disintegrate tbe kernels, The
caustic spda solution was drawn off and the kermels washed twice
and dried thoroughly.

The dried rice was ground to flur and the flour was stirred
into 10 times its guantity of gaustic rodo solution. The mixture
was allowed to stand for 24 krs with slirring at iotervals of
between 30 minuvies to 1 hr.

After 24hre, the starch was allowed 1o settle for 20 hre and
the caustis soda sclution siphoned off. The =tarch was
resyspended in 20 times its guanitity of water and vigorpusly

stirred. The mixture was seperated by filterisag through a nylon
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cloth and ithe recvltant mixture =xllpwed to settle for 12 bre
before the upper layser was siphoned pff and the starch was air-
dried, weighed and ground into fine powder.

The percentage of starchk recovered was calculated usiag

equation 3.1.

2.3 X¥oislure content delecwmisetion

Bz of the starch sample was weighed in » pre-dried porcelain
disk and placed in an over pre-set ito 120°C for 4 hrs. After
this pericd, the disk and its starch content was weighed and the

moisture content determined using the followlng eguation;

Mpisture content (%} T e e e = 100 ..., 8.2

2.4 &sh content

5g of starch sample was placed in a pre~dried, and weighed
porcelain dish and hested aver a kot plate until the ¢onteat was
thoroughly carbonized. The partially decomposed sample was
placed in a muffle furnace at 526°C for 2 bours. The residue in
the dick wae cooled in a dessicator and weighed.

-

The ask content was determined ueing equation 3.3,

Residue W,
Ak Content 4 = ——rmmmmmmm e x 100 ...... (5.3}
Gample Wi,



10g of sample was placed in o 800m} kjeldakl flask., 10g of
K2.50s and 60ml of conc. HaS0u werse added to the sample. The
flask was placed in aw incliped position on thke kjeldahl
digestion unit and heated <carefully vuwntil foaming elopped.
Heating was thew increased briskly and the digestion was
cantinned for 1 hour.

10m} of 1 decinormsl sulphuric acid wae measvred into a 500md
erienpeyer flask whick served a&s o receiver. Digtilled water was
added, and +the flask wac connected to the kjeldahl distillatioe
asseshly o that the condender delivery tube was immersed in the
absorbing acid.

After 1he digest had cooled, it wae diluted carefully with
Jdal of distilled water and mized thoroughly. Concentrated
sodium bhydroride soluvtion was added {0 make the solution
alkaline.

The flazk was conpecied to the distillisg unit condemser
tkrough a kileldahl connectiag bulk to prevent ¥aOH-containing
spray from entering the condenser; the heater was turned on and
tke contents mixed by gentle swirliang. After the reaction
sizture bad reached tke boiling point, distillation was continued
until all the ammopia kad passed inte the esbsorbing solution.

The yeceiving flask was remwed and the excess acid titrated
witk 1 decircrmal sodiuvm bhydroxide solution, using methyl red-

bromocrescl green mixed indicator.
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4 blank deleraiuc!lon wis done uclog pure sacrose ipslead of
the starch csample Nitrogen <ontert wae determdned vsing the

followlng equation;

(B-£) x WaDR pormality » 0.014 x 100
2 of N, E e ——————— e e et gy EG )
Samvle weight (g}

where
t = Sample Liter value (milliliilres of staudard ¥aOH}

B = Ylank iiter walue (willilitrec of standard Nal¥ eclutian)

% of protein = % of Nz x 6.26 ...... . 3.9

2.6 Fally matter determipation
25g of starch sample wae weighed into a 600ml beaker, and
thie wae sucpended in 100ml of diectilled water. When the wmizture
wae lomcgencus, 300mle of bolling 4% HC1 was added; the minture
was heated 1o bteiling or a hot plate and boiled for 5 minvtes.
The beaker wag placed in an fce-hatl and cooled for 45 miautes to
allaw camplete wecipliation af fatty aclde.
411 the precipitale was recovered by filtering using a pre-
weighed ¥halman number 1 filter opaper, The residue in the
gravity fumnel wae then wached with distilled water until the

waching became nevtral %o metlw! orarge indicator. The filter
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paper oontaining the resides wan Iolded and kept on o walceh glase
ta dry overanight in the oven.

The folded filter paper was :then extracted in a soxhlet
evtractor using petroleum ether. The residue woe extracted for 3
krs.

The coxhlet extraction uait was disconnected and placed in an
oven for 1 hr at 10070, The exiracilon unit was iben cooled in a
dessicator after which the filter paper coontainizsg the residue
was removed from the unit and weighed., The amount of residue was
then calcuiated by substracting the weight of the filter paper
from the weight of the filter paper and residue.

The total fat content was calculated using the feollowing

equation.

Fesidue W g}
% total fat = ~eemeeomeeemes oo x 100 ... {3.6
Sample wt (g}

2.7 gHelatinization tesperature raoge
10g of starch wee dispersed in 200ml of water in a 500ml
heaker. The wmizture waz heated gently in a water baih while
continual etirri: - malnisloed using the bottom of a
therzomatar,
The commencement of gelatinization was noticed when 1little
bead-1lke luvmps of gelatinized starch started to appear and the

temperature at this point was noted. At the end of gelatinpization



no apparent increave o vizooelty was eroticed snd the lencerature
wvhken this owcurred wae also noted.

The two tegperstare mneasurements were recorded ae  the
elatinization temverature range thic procedure was repeated
8 :

for sach starch sarple and an average range was recorded.

2.8 i ¥easurement
10g of etarck saople wae placed in a 400mls beaker and 200ml

of distilled water wae added. The mixzture wac otivred thoroughly
and placed on a hot plaste.  The stirring was wmaintaived till
complete gelatinizatlon had *akes place The starch paste wae
allowed to cuol down to roce temperature.

L pH meter that has been standardized ueing a tuffer solution
of pH 4 wav uaed 1o nmeasure the pH of the starch paste. Thic was

repeated for all the starch campler.

2.9 VYincouitly of vomsdi{ficd starches
10g of =tarzh sample wac placed in a 400m) bheaker and
dispersed with 200n! of distilled water. The mixture was heated

aelag & Wl plate while stirring was mintalpced urntil pasting

occured. The slarclh pacte was allowed 1o coo! down te room
tempersture, Lthe hat plate was then regulated o 50°C and the
mizture placed cn the hot niate. e atiainwent of 54°C the

viecosity of the *hot racste woe measvred using a ULrookfield

synchrolectric viecometer. The viecoaeter was cet to 20rpm and
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spindiee 6 ard 7 were uweed devending on the wviscosity of the
starch pasle. The readiug s converted to centipoiee (ope? by
meitiplyiug with o fector af 500 or 100 depending un whetler
cpindlie 6 or 7 wae ysed, Viscoeity readinge were also taken at
GGeC, 75°C, 802C and 95°C.  This was done for all the vamodified

slaureh samples.

2.10 Yain Slrenglh Measurement
A 5% wtlvel starch pncte of each of the saomples was used lg
sige cotton yarpe. The gized varne were lhoroughly dried and the
yarn slrepgll of the cized and uncized yarr were Jdetermived using
the Tustron slreaglh tester. 2 numbler of pealls were cbiained for
each yarn apd the average was calculated. The yarn strength was
expressed in g/tez where tex is the unit of the yarn count.
The gercestage increaee iv yarn strength was delermined using
the equatlion below;
fyarn strength of sized yarn - yarn
strength of vnsized yarn}
T increaes in yarn gtrength = —c-cmmmm e m s e % 100

varn stresgth of upeized yarn

{2.6)

2,11 Falric thickness acasuremeals

L cotten fabric of dimension 10cm % 10ce was welghed. The
thicknese of the fabric was alet detersmined veing an "Eeediel
thickuese gauge®. A anumber of readings were made and the average

caloalated.



The starchk paestes ixn 5.10 were applied evenly on the fabric
and the excess starck os ihe wsorface of the fabric was scraped
off using & ruler. The fakbric wap dried, froaed and welighed,
thizknese of the fabric wac determined again using the tlickness
gauge.

Tha Increase in thickness of the fabric wae calcolated by
substracting the thickasess of +the starihed fabrlc frow the

unsiarched fabric.

2.12 Al Permeablddity uf Fabric

The fabric used in #.11 had ils alr permeability memsured
before the application of starch. The Shirley air permeabllity
tester was weed at 10mm H»0. A sumber of readinge were taken and
the average caloulated.

After the application of starchk, the fabrics were dried,
ironed and weighed, The alr permeablility of the starched fabrics
¥ere measured.

The decreage in aly permeability was calcevlated by
substracting the air permeailiiy of the starched fabric from the

uvnstarched fabric.

2.13 Falxic Slifigess Measuremeal
The bepding of &« fabric bhas a direct influence on the

fabric srtiffnese and handle. Thee, the bendiog lesgih of a

The
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fabric can be described as a meagure of stiffpess determinivg the
draping qualities of a fabric (20).

On application of starchk pasie onto a fabric, tke starch
forme an dintermolecular film within the fabric. This film
possesaes some nweasure of etiffnese thereby resmulting in the
stiffness of the fabric.

In order to compare the officlency of various starches as a
stiffening agent under the same c<onditions, the following
experiment was carried out.

Strips of cotton fabric having dimension 2.5 x 13.5cm were
weighed., The bending length characteristic of the fabrics was
measured wueing a "Shirley bdending length tester®. The starch
paste prepared in 4.9 was applied evenly on the fabric and the
excens paste was scraped off using a raler.

The bending lengih of the mtarched fabric was alew measurad.
(The inclined plane of the ehivley hending lewglh tesler swas set
ta an angle of 19°C).

The increase in the berding length of the fabric was
calculated by substracting tke bending lengtk of the unstarched

fabric from that of the starched fadbric.

2.14  3gid Wodificatiop of ©Ste-od
30g of cors starck was dispersed in 300mle of 1.5% HCY
sblution, and the mixture was poured inio a 540m@ round-botton

flask and heated in a beating mantle at AS-50+0 for 4krs while a



stirrer continually ztlrred 4o cantent of the flack AL the end

-

pi this, 1he =lurry war reutraliszed, filtered, washed, dried and
graound Into powler.

The experiment war repeated using 3.0% HC1. The whole

procedure was alse rapeated vsing cascava starch

2.1% Viscosily of ¥dified Sftarches

The wdcosity of the =madifled starck pastes could not e
meacured uwslng  the  Vrookfileld  wiscomeler | hwrause  tke
ccucentral for of the ctarcl pacte was *oo low  Ar 2 veswlt of
thic, o Redwowd viscomster warc uoed 1o meazure the viscoelty of
the etorch  pacts. Thie wviccometer uses a “flow through
technique®. In this apmaratus, Sinls of starch paete was placed
fn a8 -ontalnee 1c¢ the =iconmeter, At the botitom of the
contatuer, *here le a very emall hole of known radiuve. The time
token for the whole liquid to pass through this bele ie measured
veing o elcp watcd. Sirpce the wigonpily of the eiarclk paste is
girecily related to the time takern for the liquid to vass through
the emall hole, it wee por=ible *n caleculate the wiscosity af the
pasis using the Ffollowvlep eguations: The whole procedure e

Githlined fn the Britich Qtlandarde (RS No. 193, 1957

&t - B’A S . 4% T3

‘l
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where n/p = kinemalic viscosity in stukes

n = dynamic viscosity in poime
A = 0.0026, = 1.72,
t = time taken fue the starch paste %o rurx oot af the
hole in seconds
p = density of starch paste

The deueity of the starch pasbe wae determined by veing a density
bottle. A pre-weigked density bmitle wae filled with the starch
sclution axd all excess starch wiped off the body of the bhottie.
The botlle and the paste was then weighed. The densiiy of the

bottle was then calcoulated in g/om®.

2.16 pl of sxdified starch paste

The pH of the modified starch pasts was deternmined uking a
pH meter, The euperiment was similar to that carried ouwt in
section 3.8, The pH wof btk the neutralised and vnueud- .

modified starch poste was deternined.

2.17 fpplicalicn of ¥odified Starch
The modified ctarches were used in place uf the unmndified

Lol

starches 1o perfrrr edperiments 3.10, 2.1%, 3.12, and 3.13.
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2.18 Qubieclive Acceceacut of Slarched fabries

208 wi starch comple wae dispersed iu 209ml of waler In &
500m! Leaker and the wizmture beated putil pelatinivation btakes
place. The paele was tlen allowed to conl down,

Sanples of "guirea brocade®, army kbaki and "ankara® {ahrice
were starched with the paste and allowed to cool down.

This wae carried oot usiosg all the clarck samples ‘nodified
apd ouwodifiedy., The fabrics were then sclsectively nessesced Ly
varipus peopie fur the fellowing perameicrs;

(i? Change au colour of {alyic
(11) Stifiasese of fabric

(1ii} Ddour.
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Chauter Throo

20 Besulis aad Discnoolon

Resutlts shown in Tables 3.1 Lo 3.18 are for wumodified

starches,

Table 3.1¢ Descriptics of starch powder

Starch Source. 3. Qelour _»  deerx L Appearavce of powder

aive t white 1 phourless : fine

Caseava : white v faint odour fiue

Guineax coru 1Yght brown: faint odour fine

Potato : white but : odourless 3 fine {(bul crarse if
top layer ¢ : not properly groundd

sturne bhrows:
sduring
rdrying
Rlce 1 ¥hite but
top laver : extremely fing
riurns light:
 hrown
rduring : H

e e R TATE : i




Table 2.7

———

Staxrsh Source

Maioe
Carsava

Potato

Goinen —orn

Rice

———— oy

Maize

Guinea <ary

Caseava-11uuy

Patata

Rice

»
b

Descriplionw of Jlarch Pacte

s Soker

'J?;_' bas

Uil e

Llecst teane -

sl at

LIkl 1o owa

Vidte

Lo Niscosty

Lipk
very high
cxliremsly
high
hizk

very kigh

sdonr e
Almost

Ddemrless

Dduurless

slmocl, adourlees

. ————

51%

57%

-
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Table 2.4 QSieepiug time ami percentage ol starch reumversd

- e e e e -

b Y of starch recoversd,

Stegpine tiwe. ¢ Coam

24 hre

48hre

TPhre

Q8hre

11%ke IS H

Tale 3.5 &sh contep?!

— - — —— p————— . = S . 5 T e it

52

ey i —————— e i A————

54

-
-

(&)

L

47

.59

e Ruinea-sorn .

i

o I -

Btaackh squree o Ash coutenbt XN

Uzize
Guirea corn
Cassava cora

Rice

Potato  __ o .
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Table 3.6 Mpisture contend

Starch squrge ; ¥oisturs conlent (%)
Haize H 12.72

Guinea cors : 14,42

Casaava : 10,04

Rice : - 8.2

Pptato : 11,63

Tale 3.7 Faity maiter and Protedin context

Starch spurce @ Fatty =matier  © Proledis context (%)

¥aize : 0.56 : 1.4
Potato : H.20 ; 0.31
Cassava : 0.35 : 0.82
Rice H .63 : 0,084
Guinea-corn ; 0. 67 : 104

Table 3.0 Gelaldpizaticn tesperature rangse

Starch eource . Gelatinization temperature range (7C)

¥aize I £4-0%
Cassava 3 53-60
RBica 1 7077
Huinen-corn 3 69-77

Potatn 3 65-74 -
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Table 3.9 pi of starch pasie

2larch paste ; _pH
Halze 5 3.8
Cassava : 4.6
Guinea-corn s 4.5
Rice : 8,3
Putats : 2.8

Tale 3.10 Yiscomity of CGuiznea-corp starch paste

% wt/vol : Temp (°C) : Viecometer @ Multiplication: Viscoslty
posddnl reading ;.  factor 0 {ip cped
5 ;B0 3 39.75 : 100 1 3,975
65 : 52.6 : 100 3 3,200
75 : 29.5 : 100 2 2,960
85 : 28.% : 104 » 2,860

95 L 7.5 H 100 ;2,790
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Table 3.11 aeit 3
% wt/V¥ol @ Temp (°0} : Viscometer : Multiplication: ¥Viscosity
: s dial reading : factor . (in cped

= : 60 : 32.80 : 520 : 16,2350

65 3 26.00 : 500 ;14,500

7% ! 2600 : 500 : 135,000

B85 1 21.00 : 500 : 30,500
ST ST 1 TR 18,75 ; 500 : 9,375
Table 3.12 Viscosity pf ¥size Starch paste

% Wi/V¥ol @ Temp (°0) @ Viscometer @ Multiplication : Viscosity

— wdinl reading ¢ fackor o ddn opea
8 : 50 3 40,0 : 104 1 4,000
&5 t 37.65 : 100 ;3,760
75 : a7.41% s 1040 s 3,718
85 : 34.75 : 1040 : 3,475

a5 X CICPEAIY : 100 2 3304
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Table 3.13 Viscoolty of Rige Starch Paste

% We/¥el ¢ Temp L) ¢ Vigcometer  ¥ultiplirzation » Viscosity

i s dial reading ; faetar s lin CpeYy
G 560 2 5.0 : 500 1 2,500
; &5 : 3.8 : X : 1,7%0
1 75 : 3.0 : 800 1 1,504
a5 s 2.4 3 prisiH ;1,000
: a5 b LI% s 500 s 8R4

Tale 3.14 Yigcpsity pf cassava starch pasis

% Ve/Vol : Temp (#0) : Viecowely : ¥uitiplication : Viecosily
s i fial reading ; faclor +.fn cpe
5 3 80 b 14.4% 3 8500 v 7,080
85 : 12.00 : 800 : 6,000
75 : 16.00 : o0 s 5,000
r 85 s 840 ; 500 s 4,200

i a5 H 238 ; 500 ;3,580
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Table 3.156 Falo'o ™ ¢ moce Measurements

Unstarched fabric thickness = 0.36 = 0, 01loem

Starch used Thicknees of grarch fabric Increase in Thicknests

{» 0. 0lomd . pf starched fabrice
(O, 01mmd
Cassava 3 ¢. 4325 : 0.072
Potato : 0. 460 H ¢. 186
Guinea corn 0, 450 : 0,000
Yaize : 0.428 : 0,078
Bice : 0. 550 : I AP VAt

Table 3.16 mmngimmm

Yarn count = §2 tex

Breaking load for unsized yarns = 4008

Yarn strength for uneized yarms = 7.60g/tex

Starch used : Breaking 1pad ; Yarn strengih: lncrease in yarsn
e (g _ v {gltexd . girength (%Y .

Cassava : 6500 : 11.54 : 56.1

Potato : R30 3 10,19 : 32.5%

¥aize : &50 : 12.% : 52.5

Guinea-corn 834a ; 1%.96 : 107. 5

Rize . ; JeialA] : 1642 : 113.6 -
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Table 3.17 Bopding leagih measurement

Bending length of unstarched fabric = 30mm

Starch vsed : DBending 'ength of : Increase in the bending

: etarched fabric (mm): length of starched fabrics

{
Cassava H 54 H 24
Potato t 36.9 9.0
Rice : 56.7 25.7
¥aize H L 28.2
Guinea-corn . : 4. 12 i 18,12

Takle 3.18 Alr Permeabllity of fabric

Air permeabtility of unstnrched fabric at 10mm H:0 = 350a/mec

Starch used : f{dr permeability of : Increase in air permeability

1 starched fabtrice s of starched fahrics foofse?
 f{egisecy H

Caseava : 265 45

Potato : 290 130

Maize : 170 164

Rice 1 226 5 104

suinea-¢orn s 205 :

o0
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4.2 Resulte shows in Tables 3.19 to 3.24 are for modified

starches.
Table 3.10 Viecosidy of 5% W/Vol Kedidied wiarch Pacles
fad 1.5% cawcavs starch paste —
Temp of ¢ Time : Kinematic wiscosity: density of : dynamic
paste  (second): /g (slokesd 1 paste p 1 viecosity
(=G} Lo lglomy : ¥ lpoiee)
54 : 87.9 0.121% 0. 96 11664
65 1 B2.8 ¢.1031 4.96 s 3.9807
75 : 61.2 0. 0005 0.86 ¢. 09555
85 i B0.6 0. a97457 $.96 0. 0937
98- PR K W~ 0,120 .95 . 08648
(b} 1.5% Maize starch paste
59 : 48,85 ¢ 0.001 0,92 . 08372
€5 : 47.00 ¢. 086 ¢.62 : 067812
78 : 47.0 0. 084 g.a2 0. 07912
8% : 44.4 . 0767 0,02 8, 07056
9% 42,3 2, 0638 o2 s 0.0638




(4} G. 0% caseava siarch paste

¢ : 47.G G.0873 0.082 G.84
&0 48.0 0. BRA&GY 0. 08363 0. 94
o £46.C &. 08392 0. 07889 Do
b5 45,40 G, 07874 0,40741 0,94
&5 : 40,7 ¢ 0. 63066 s 0. 00078 ; 0,94

(g} 3.0% ¥alze starch paste

5o HERET (PR VI 0, 5070 : 0. GR456 : .57
65 1 49,8 H 4. 594468 : 0.08263 : 0.8%
70 : 45.8 : (. 08183 : ¢.07080 v G.8%
85 : 44,0 : . 0783 : 0. 0555 r R.B7
9f 42,8 0, 0700 L 0,0600  : 9,87
ey
a = {aseava selbarceh msodified with 1.8% HO1 at 45-50°C for Ghrs
b = Haize starch modified with 1.8% HOL at 45-50-C for Ghre
o = Cassava starch modified with 3.0% HCl at 45-50°C for Bhrs

d = ¥aite siarch modified with 3. 0% HC] at 45-50+C for Bhkrs



Table 3.20 i

Starch vource : Unnewtralised strach paste: neutralleed starch

; R L -y £ -
1.5% Mailze 3 ' 2.1 : 6.9
3.8% ¥aize 3 2,16 : 6,589
1.5% Cascawa : 1.% : 7.1

6.4

PN
o

3. 0% Cassava

Table 3.21
Starch uvaeed ¢ Alr perwmeabiliiy of starched : Iancreasse ig air
: fabrics fec/eec) at 10mm HeD : permeability of
Z i sturghed fabrics |
1.8% Maize 254 : sl
3.0% Maize t 228 3 72
1.5% Cassava chg 44
3.0% Cassava 253 H 47
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Table 3.22

godified starches

__ Bendisg leagil of vpelarcled falwdc = J0we - R
: Rending lergllk fmw) + Tucrease in bending
2 = e ;m_(m-—-‘ P
1.5% Maize : 42.% 12.%
2.0% ¥alve ] ARG 188
1.5% Cassava : £2.0 £ 2.9
seava | 57.3 i 27.3
Table 3.25 STELA hoof ;dLﬂ;_;Lnnl.!ilhuzndiilﬁﬂwﬁinlzidui

Yarn count = 52 tex
Breaking lond for unsized yaius - 400g

Yarn strengik of unmsized varns = 7.69g/%cs

——— - — ——

Starck used : Breaking : Yarn strengib: Increase in yorn

. load fg) :  (gltex) : strengih (%)

1.5% Maize : (T v A 10.102 : 2.5
3.0% Maize - £20 3 11.62 : BE.0
1.5% Cassava 750 : 14.42 : 87.6

5.0% Cascaya K30 - 12.12 s 57 .6
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Table 3.24 Mﬂﬂﬁwcﬁ-ﬁﬁmhﬁﬂ_wﬂﬂﬂma

MM@@M = 036 X 0. 0lngm

Starck used ' Thicknees of starched - Increase in thickness of
: _fabric (» Q;QLNRL_,__L_iﬂhEXQ*anhiuﬂm&“__"__h

1.8% maize ¢ 0.410 s 0. 050

8. 0% maize : {. 4565 : 0.095

1.5% Cassava 0.410 : &, 0540

3. 9% Cassava 0.374 3 D.014

3.3 M&Aw_atﬁtﬂmhﬁd_im

1} Stiffrepe

The ptiffness of the fabric was found to follow this
descending order;
Rice starck > Guinea corn > Cassava > Mafze ) Potatn > 1,8%

Caseava > 1.5% Matze > 3.0% Caszava > 3,09 ¥alze.

(11 Qdour

M was difficult to arrange the starched fabrice' odour in
awy order therefore 4ifferenpt categories emphacizing the etrength
of perceived odour was used,
Strong cdour - None
¥oderate odour - Rice and potato starches
Very faint odour - Caseava, ¥aire und fvinea cors starches

No sdour ~ 311 the modified starches
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Change i felaun

Drastic change in colonr - Rone

¥cderate change in colour Rone

Light chawge lpv colour — Gulaea couem starch

Very faint change {n colowr - Rice slarch

Yo change iu coloud - Porate. malze, Lassava +nd all the acdified

starch=s.



3.4 DISCURRION

2.4.1 Depcripticn of Starck Powder,

(1Y Colavp

The colour of starch povder is expected ito be white if that
etarch is to be of commercial importance. Thie 1= imporiant
becavse starch ie ofiten used in certatin applications where it e
not required to change the coplowr of the substrate or other
addltives present. Aunother impc-rtant_ fact i= that colour is sn
indicaticn of the presence of non-starch recidues particularly
pigments associated with protein (18}

Table 5.1 shows that the corn and cassava starches produced
are white in colour and will not reguire any bleaching.  The
light brown celouration of gulrea corn starch is due to the
presence of certain pigments. These wigmwente camact be removed
by normal processing, hence, the starch should be bleaghed 1f 1t
is to be ussed for commercial purpoeas.

The light brown discolouration of poiate and rice stavrch casn
be attributed to the processing method used. Since commercial
drying and separation methods werse not available, the probability
of totel removal of the protein component and very fast drying
myy be remote. The cunseguence of these shortcomiags, especially

the latiter, 1s that, some pf the starch granvles may be acted
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ypor by miocrg-organisms.  4dpmolber probable cawse of the light
brown oelouration of rice and potato starch may be atnospheric
oxygen oxidation or uw.v/viaible light degradation. It was
reticed ilat wvely ibhe top luyer of the starch was light brown
vhile the remaini.. ' .-c¢h was white. This could be as a result
of atpospheric oxyger oxidation, since the mner layers of starch
were not expored to the atmosphere. Llikewice, certals chemicals
my exist in btrace guantities in the starches which are reactive
to wv or wisible radlation. These may be inorganic compounds or
wmolecules which are broken doww on exposure to the radiatien,
thereby resuvltiag in the Jformslion of different cospounds oo
elemente whizh have Zifferent radiation absorbing
characteristics. These postulations have nol wer proved bet the
provability of +he exislence of such reactions is bigh, since
Tetato and rice siarches which were not sxposed ic atmospheric
cxygen are with white in colour.

Rowever, since this discolouration is very ainimml, wery

light bleacking will toke care of ibe culour problem.

i8)  Ddoyr,

Jt is of vitmoet laportamnce that starch should not possess
any odour, eince in most caeee starch is wtilized as a filler,
hence it should nol interfere with the properties of other

additiwves. Apotker importent facl is that, sdour iz starck is an



indication of adcroblal activiity in  the starch; odour is
therefore a purameter for measuring the qualily of tle etarch
1133,

From Table 3.1, all tke starches are relatively odourless.
The very faist odour perceived in the case of cassava, guinea-
malze and rice starch ie of no real consegunce.  Infact ihe tdour
will diceappear if the siarch is left to dry for three days. The
ifsane uf odour would not even have arisen at all if ihe starches
wece dried uelng dryere since the dryiag time will be reduced to

hours instead of days.

(134} Arvearane of poselder

411 slarches are expected to be very fime when ground iznto
povwder. This would enhance the dispersien of the starchk in
water. A1l the gtarches were acceptably fime, hence the uee of

these mtarches for a wariety of purposes will not be hindered,

3.4.2 Description of siaxch paste

1) Cplour

ie earlier siated, moet applications pof starch require that
the starch does aot add any colouwr to the substrate, Infact. it
i - i1 the starch oaste is transparesi as this {s coupletely

neutral in colour.
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From Tabhle 2.2, wotato etarck paste possessed the beet
colouration sivce i+ was alwmest traneparent. Iufact when the
vigcoelty of ‘he sterckh paste was reduced, it became coupletely
transarest The etarch neste of mize, cassava and rice on the
oiker hand wers lrauvelvecent and tended to be white. However om
dilutizn wikk water, they tended tn be traneparent though the
paster w=ro pot ~ompletely transparent. In the case of gulnea-
corn, the paste was light-brown and thise is undesirable since it
will change the colowr of anv white substrate (e.g white cotton
fabriz). The vest nf the starckes can be used for most
applications while the puinea-corn starck muet be Lieached before

it can be weed for wmost applications.

(11> Odour

25 i2 the case of 3.4.1 (111), the starch pastes were
found Lo be cdourlece or faimtly coenled. These starches will be
acceptable for wost commercial purvoses if odour was wsed as a

criteria Tur Judging the quality of the starch paste.

3.4.5 Ctarch Recovery

Recavery of *he ctarch ic of importance as it indicates the
viabkility of ihe procesc uned for etarch production. From Table
3.3 11 s shown that maizce and guinea~-corn starch recovery were

61% and 57Y recpectively. These figures are very high since ke



total amouwnt of sitarck in corw graias is arcund 7i% (see Table
1.6, The: starch recoversd in the cave of potato is ales
appreciably high since the percentage of total solids in polate
is around 22% {133, Hence the 21% recovery walue for potata
gives a recovery walue of about 04% if the recovery wvalue was
based on the dry weight of the potata,

Though, the recovery walue for cassava is wvery higk . e
6a%), it may bhe Aifficult to assess the efficiency of trie
method. This ic because, fresh casspva was not used in thie
extraction and mowe ctarch must have been lost during the
production of the cassava flour. Aleo, there are no available
literature on the total osmount of starchk present in casgava
flour.

The case of rize e guiie different from the rest, From
Tabie 1.7 it 1 shown that rice has an average starch content of
80%, moet of which are chemically tourd to proteins. To separate
thie rice, chemical treatmernt e necesesary.

Commercial production of r'ice“-‘atarc;h givee recnvery values of
60 to 94% (13}, a vast improvement over the 38% recorded during
thie project. This great wariation can be attrdibuted o one
major factor: the abeence of a very good grinding machine., The
one used for thie prodect was net akle ioc grind the graine inte
fine powder, hence zome of the estarch particles were trapped in

the broken graini.



BE

3.4.4 Relatiognship between Steeplag Time and Starch Recovered

3

Steeping as already mentioned in chapter twn, softens the
grains and enables the starch to be ecasily fresd from the graizs.
Inadequate steeping time will result in the grains not being snit
enourbk and kence not all the starch will be liberated while
excescive steeping will lead to a reduction ir the ampount of
starch recovered due tp the acitivily of weast, bacteria aad
fungi.

Steepipg Lime was found to be pptimal between 24~4Bhrs in the

case of maize and 48-72hre in the case of guinea~corm, Btarches
produced after 72 bhrs pussessed an unacceptable odour which

completely rules out the usability of such starches,

3.4.5 MNpisture Lontept

The mnistore conwtent of etarches ie ol great {mportance
cince this affects the pericd fur which tke starch car ke stored.
¥oisture content of commercisl cereal starches falls around 124
while commercial tuber starches are often higher (13},

Table 2.6 d4ndicates that starches had moisture content
between 9-13%. The moisture contert of rice starch is 28% less
than that of malze starch, while the wmolsiure coatent of potato
starsh is less ithan that of corn by 1.11%.  That of guinea corn

and caseava are essentially the sawme.
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The low muisture contert of rice stazrch may be essentially
due to the swelllng restriction of the small granvles hence it is
lags hygroscopic tham polate and cassava starches. The ‘tuber
etarches »a.: laage granule sizes and hence readlly swell. The
pesalt of thie die Lhat such starches are more hygroscooic keuce
they have highe: noisture covtent thun rice starches. However,
the maislure <onteat level of polato and cassava starches le mech
lawer thay what ls often ohtained in wst commercial clarches.
The low aislure conlent level may be abivibuted 1o thorough oir
drying cf tlhe s=tlarch during joaduciion and storage in an air
tight polythene bag. The moisture centeat of the etarchec is
gquite moderate feven low iu certain casee) and can therefore be
pveed 1o industries where starch i{= often stored for loog pericds
before use.

It i{s also important 1o setate that, air drying ie an
effective tzchuigus for drylag starch, thovgh thic =ight be & LIt

time consuming.

3.4.8 Zish Content Determinalioy

Avort from cassava clarch, which had o high ash conlenl, Lhe
remaintug starvcler Lad relatively low level of ash content. The
valoss ollaized for the ash content of the slarches with the
exception of covsava ctarch falls wilkiu the acceptable rauge for

comm=rcial starches. PBrpected ash content for cummercial
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slarches is arcuwd 0.2% (13}. The bigh ask content may be due to
the presence of dust and sand in the cassava flour prior to

proceseing,

3.4.7 Fably satter aud Prolein cosbeal

The preseuce of Ligh waluesr of fattly metier and proteis
content in starches le a direct iaudication of the efficiency of
the processing meihod used, Most comwerclal starches ofien bhave
protein contents lower than 8.7% (13). The kigh protein comtent
of carn and guinea-cors starches may be linked to the fact that a
sipple decantation of the protein layer wse performed during
starck production, instead of using centrdfuges ac isg the case in
seet starch industriler. In the case of rice, it is likely ihat
lack of sufficient agitaltion of the slurry while resuvepending tke
slurry in aquecus alkali for ddhre is responsible for the high
protein content value. HRowmever, with the excepilon of pharmaceu-
tical 1pdustries, these starches will effectiwely perform well
when weed for commercial purposes.

In the case of fatty matter, tbhe fatty matier costent
regorded is mot far from those found in commercial starches;
compercial starches ocughbt to have a fatty wmaitier content not
exceeding 0.6% (13} and thic ie correct for mest of the starches

produced in this study,
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3.4.8 gGelatinization lempersture Iunge
The absence of a Kofler hot otage greatly reduced the
posseiblity of obtaining an accurate result. Rowever, the
geiatinization ismperature ranges obiaipned were mot very much
different from those obtained using the Kofler hol wiage., & good

illustration of the method used <an be seen in Table 4.1,

Table 4.1 Qelatizdzation lemperature ranges of siarqh

Starch source : . _Gelatinization temp. rapge (70}

i KBafler hot siage : Project walues
Xaize : 62-67-72 3 64-59.8-75
Cagsava 1 58-64-70 H 53-56.%-60
Potato : 50-43-68 3 6564, 5-74
Gioorn : - : 65-73-77
Rice : 58-74.5-78 ; PO-73-77

From the above table it can be seen that the gelatinization
temperature ranges obtained in this project are quite similar to
thkat obtained using the Kofler hot stage.

¥o correlation seer to exist between the limear fraction of
the starches and  their gelatinizetion temperature  zranges.
However {1 is notized that tke root starches poseess  lower
gelatinlzation temperature ranges than the cereal starches. This
may be related to the large size of their granuvles and high

swelling power.



3.4.9 pH of starch pasis

¥ost compercial starches possese pH values of between 5-7
with the exception of rice starch which has a pH wvalue of & (13},
The pH vavles in Table 3.9 show that the pH of rvice falls within
the expected range while that of maize, caseava and guines-corn
starches were lower than expected. The low nH of cassava, maise
and guizmea corn starches may be atiributed to the lorg drying
time, thus resuvlting ia bacteria and yeast liberating large
arount of lactic acld. In addition to this, the extremely law
value of corn starch is primsrily due 1o ithe use of old corn
grains to produce the starch.  Thie low pH walue would have been
avoided if fresh grains were used.

In most commercial starch-producing industries, the pH of ithe
starck pastes are often adjusted to fall between pH 5-7, ever if
they originally were lower or higher than that walue,

The pH wvalves recorded for the unnewiralised wodified starch
pastes were much lower than that of thelr uamedified
counterparts. This is attribtuted to the use of HCI during
mopdification. It was observed that the pH of the starch paste
was dependent on the type of starch rather than the concentration
of the HC! used during modification. From Table 3.20 it can be
seen  that the pH values for modifled maisme starches were
virtually the same for botk 1.5% maize and 3.0% maire starches
while the pH value of 1.6% cassawa and 3.0% cassava starches were
relatively lower. ILikewise, i1ke pH walues of 1.5% casesava and

3.90% caesava starches were very similar. This phencwena indiontes
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that the pH of starch pastes ie depeudent on certain parameters
whick are dependent on the starch socurce.

On neviralisation all etarchk pasies had pH walues aear 7. 4.

3.4.10 Wiscosity of starch pasies

Viecoeity, is an i{mportant property of estarch pesies
because 1t affects the usability of the etarch. For insiance,
highly viscous etarch pastes make guod adhesives.

Viscositier of starch pastes at different temperatures were
measwred and a grapk of viccosity against tewperature was drawn
teee Fig 3.1},

Potato starch Lad the highest wvwiscosity, while rice starch
bad the lowest at 507C. The viscority of the siarch poasies
decreased in all the starches with temperature. The bewvavicur of
the paste viscosily al different teaperatures may be cxaplained as
fpllowe; on pastlng, ithe starch granvles would have iwbibed as
mich water as poseible thereby resulting in  the granules
swelling. On cocking the paste, some reiruogradation takes place,
wherehy cowe granules diesintegrate due io nmechanical shear.

The paste will rnow consiet of eswollen grapules, granule
fragment and starch leachked from granules. Changes in tihe
granule dimensions during the beating process is ther. . e
cauee of the changew in the rbenlogical propertier of the siarch

paste. Ancther ilwportant point to note is that, starck pastes
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vhick have high wiecpsities possess a high rate of devrease in
viscosity while these having low viscosiiies bhave 8 low rate of
decrease in wviscosity. This may be explained on the basis of
swelling power apd retrugradaticn. Starches that are capable of
swelling to a higk degree are more prone to break down or cooking
and sitirring (11} Thiz explaine vwhy poteto starchk paste
viscoeitly decreasee with an average of 250cpo while guinea corn
starchk paste viscoeitly detreases wilb an average of 100cpe.

The high wiecosity of potato and camsava starch postes is
alsc attributed to the large grapule size of the starches and
thelr high swelling power, while the small granule size and low
gwelling power of rice stared is responsible for its relatively
low viscosity.

Visual acsessment of the viscosities of the starch pastes was
found to be of this order; Botato ¥ cassava » mize > rice >
guinex onrsn. This agrees with tbe walues cobtained whkile using
the brockfield wviscowmeter.

The viecosity of the modified starch pastes are many times
lower than the vigcosity of the unmodified starch pastes. Fig
4.1 and PFig 4.2 shows that the viscoeity of the modified starches
iz about 140 timee lower than the viscoeily of the uwumndified
starches. This explairs why it was not possible to measure the
wiscosity of the sitarch pastee ueing the brockfield wviscometer.
Thic greal reduction in ithe viscosity of the starck pasies may be
attributed to the cleavage of the polymer chains of the starch

particularliy amylopectin chains. The resuli is a pet linearity
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in the polywer structure. The reduction iw the viscosity of the
modified starches is as a result of the clenvage of amrlapectin
bonds in the amorphous intermicellar regione of the granules,
The net result wiil bLe the disintegration pf +this amorphous
region and conseguent weakening nf 1ihke granule siructurs,
permitting granvle fragmentalion witd little swelling,

From Table 3.19, it iz obeerved tkat 1.5% casgava starch
paste had the highest viscosity, ranging from 0.09-0.1%1 poises,
while +the rest of the starchk pastes had fairly csimilar
viscoeities ranging from 90, 05-0.08 polses,

From Table 3.10 it can be observed that 1.9% cassava starch
paste had a michk higber wiscopity thaz 3. 0% cassawa starch paste
while 1.5% maize starch paste and 3.90% maize siarchk paste had a
falrly siamilar viscomity, though 3% maize starch paste was
glightly laower in viscosity than 1.5% maize starch. The great
differerce in the viscosities of 1.8% cossava starck and 3.0%
casgava olarch may be due to differences din the extent of
cleavage of amylopectin bonds. It dis lJikely thal wmore
disintegration of the amylopectin bonde present in the amurphous
intermicellar region of the starch granules takes place in 3.0%
caseava starch than 1in 1.5%. Thie will ultimately result in the
lowering of the viscosity of the starch paste.

In the case of maize eslarchk, the viscosities of 1.9% maize
and 3.0% corn starch pastes are essertially similar, though 2.0%
corn starck seem 1o possess a  higher viscoslty at  low

temperaturec. However, at higher temperature 1.5% maize starch
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jaste hne a higher wviccoedty than 3.0% mize starch pastse

The reason for this sisilarity in vizccsity may be iraced
back aleo tg the extent of cleavage of the honds of amylopectin
polymer TLois Tikely that the extent of hvdrolysis of the bonds
of awylopectin melymers of 1.%% maize siarch is slnilar to that
of 3 0% malue starch. This will result in the fragweatation of
Lke elarvch gramvles fn euch o mancer whereby the starch gramules
will pusvers simllar swelling sower. For such an event o ocour,
the anylaopectin polymer in 1.5% wmaire starch must have
disintegrated to such an extent that the starch %il1l contaln
weetly linear ckains.  Thus, svboeguent addition of acid durirng
wodification. and increasing the temperature and duration of
nodiftcation will not have much effect on the viscosity of the
stazck pastc.

Avotlhor impea tant cleervation that can be mde ie that the
wivotveity of all ‘he modified sturches decreased wiilkh increace in
tomperature, though certain deviatione to this ic present. The
increare in viecosliy with ltemperature in few instances say bte
due: tu experipental ersror. This may be as a result of error
arieing from the stop walch used to determine the time taken for
50mle of the starch paste lo pase through a small kole. However,

Lh'e dncreases are very smll and oocur in very few irstances.

3.4.1  Yaon Strength Moacurcment
The percentage Increase in the yarn strengih of all the

slepd yarre wers higher in all caser than tle required 10-30%
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increase in yara sirength for warp yarne., This means that, lower
concentration of starch zaste will be required for industiral
PUrpses.

However, sluce the major focus of interest is lhe comparison
of the efficlencies of the various starches as sizing agente, the
result shows In Tablex 3,16 and 3 23 are still ueeful.

Tables 3.1% and 3.25% show that the percentage increase in
yarn eirength follows this order;

Rice > Guigea-corn > 1.9% Cassava > Xelre ¥ 3.0% Cassava > 3%
Haize > Casmava > Potate > 1.5% Majcze.

From the alove order, it is apparent tlat cereal siarches
increased the warn strength of the yarns more iban starches
obtalned from tubers. Alem, Tabhle 3.23 showe that the increase
in yars sirength observed when nodified starchee are uvsed is
guite Fifferent from that obeerved when unmodified starches are
vied,

The resulte of Tables 3.16 aud 3.23 can be explained using
the fpliowing postulatione.

‘2 The smaller the sige of the granules the greater the
probability nf the starch graznulee penetrating the inlerctices of
the yarn, hence, the mure ihe amwount of starchk in the yarn the

highoer the yarn sireagth.

b The less viscouws the etarch paste, +the bhigher the
probability of the starch granvles penetrating ithe intersti..

the yarm.
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tc} The greater the ability of ithe rtarch within the yarn to
form a film, the higher the yara strengld of (ke yvarns,

From Table 1.2, gramular size of thke starches follow this
order; Potsto Y Cassava > Maiuve aund Guinen Corn » Bice.

Likewise the size of the siarck granulies of lthe modifizd and
vencdified starchee is likely to follow ilis order: Unmodified
srize slarch > 1.5% maize > 3.0% maize and unzadified cassava
starch > 1.5% caesava ) 3.0 caesava.

Thic ie because acid modification breaks down the etarch
chalpe by bydrolysis at differext points thereby reduciug tle
eize of the etarch granmules. Thie reducllon in size generally
relates to the cleavage of amylopectiu chalnms (15).

Though no estahblished criteria for determining the film
forming capability of starch exisls, it {e well known that
viscous starch pastes often have strong fllse.

The firet two postulations can therefore explain the lower
sizing efficiencies of potato and cassava starckes. Likewise ihe
extremely high yarn strength of varne sized with rice, guloea
corn and coru starchkes can be attributed to theee pusiulations

The high strength of yarne sized witk 1.5% cassava ctarch can
be attributed to the emnller cize of the granulec compared to
vnmckdified cassava starch. However, the very low value for yarms
sized with 3.0% caseava can be attributed 1o the losc of streugth
in the filw formed by this starch. This is as a resull of loss

in viscosity due to severe bydrolysis. In the case of mize
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gtarck, the lower yarn strengih of modified corn starch comnared
tc the modified cassave storch may be attributed to the los= of
file forming ability of the modified etarches in the vara. This
seems to indicals that acid wodification has a more profound
effect in maize starch than in casmava starch. Tlie {e svpparted
Yy the low viewusily of the modifled corn starch compared to the
vipcoeity of the mndified cassava starch. The higher sirength of
yerns sized with 2. 0% mize starchk may be exploined as follows,
Since the vlecesity of 3.0% maive starch paste is elmilar to that
of 1.5% maize etarch paste il ie likely that bolh starch pastes
fore films that have similar strength. However, it is likely
that the pire of starch granules of 3% miize starch is eweller,
kevce 1t possesses a greater ability to penetrate the jarms.
Thic will lead to & bigher strength of yarne sized with 3% aaulze

starch.

2.4.12 Bending Leugth Measuremeut

ke earlier ztated in sectiop 2.13, the bending lemg'h of a

fabriz ic a ameasure of the sliffnees of lhe Iabric. Thue a

fabric with a very high Lerding length may be regarded as a stiff
fabric.

From Table 3.17 fabrice starched with maize, rice and cassava

starches have high Yending leugihke while fabrics starched with

guinea corr and potato slarches have low vending lengthe. In the

case of modifled slarches Table 2.92 indicates that fabrice
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starched witk 1.5% cassava and 3.0% cassava starches had bigh
bepding leagths while those @ 0 _wd witk 1,5% wmajze, awd 35.%
maize starches had low hending lengihs.

It is apparent that the result is simllar to thal fowng in
section 3.4.11. The postvlations cutlined in eectin 3.4.11 is
thersby applicable here with certain wmodifications. The major
modification being that the stiffuvess of the falric is nol ouly
dependent on bhow much the starch pepetrates ithe intersiices of
the yarn but aleo, how muck siarch penetrates the pores of the
fabric. The bending lengths of fabrice starched with modified
starches exhibits a esimilar patierz to that of the yvarn strength
peasurements in section 3.4.11. The explanatipn for this is

similar to that given in section 3.4.11%1.

3.4.13 &lr Pexmeability af Fabric
dir perzeability of lextile fabbrice s a3 means of

asseseing the cerviceability of the farice {far different «nd
uses. The manner in whick -t,he' vars are isterlaced lan a woven
fabric allows the vpresepce of air spaces. The alr permeablility
of fabrics infiuvence properiies such aw  warmth, protection
against wind, ond some indusirial uses. The addition of starch
onto a fabric will _r'ee.u}'t. in some pores 1 air spaces in ihe
{2bric being c:loggedd}py starch gran;ﬂ.f-.s, The pet resuli wlll be
a decrease in alr permeabilily wvalue of the fabric. It ie sost
iikely that the reduction in the air permeabillity of the fabric

will be dependent on the amount of starch granules that actually
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block the air spaces. It is Important to aleo note that elarcles
manufactured by indusgries for application to lextile fabrice
shuld as much as posseible not cleg the interstices offabrics,
therefaore a decrease irn air permeabtdlity of fabric ic an
indication of clogging im the falric.

From Tables 3.18 and 3 .21 1t ie noted tbal falrics starched
with the modified starches had relatiwvely high ai: permealiliity
values while those etarched with spmodified starckee had vesry low
air permeability walues. Tkis is as a resull of lhe sasll size
of the granules which are not capabls of properly clogging the
fabric. Table 3.18 and 3.21 also shows thal the air
permeability waluwes of fabricse elarched with vnmadified and
rodified forme of cassava starch fell within 256-283cc/wec while
the air permeabiliity vasles of falrics starched with Lhe
vemodified and modified form of maize starch ranged from 170-
254cc/ 800 The dimplication of these & that, Lhere Is no
apparent change in the air vermeability values of falwics
etarched with modified and unmodified forme of cassava clarch
while there exist a great wvariation in the caee of falrics
etarched with modified and unmodified furms of slaerck.  Anulher
important conclusion is that fabrice treated wilh cassava starch
bave minimal clogging while those itreated with maize wtarch are
often clegged to a large extent.

The low air permeability value oltained fur fabrics tieated
with potato starck ie primarily due Lo the large granule size of

the starchk. 2ir permeability »alue of rice and guinea corn
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starches are relatively high becaves the size of the gRranules are
quite swail, thoughk these granwles, are likely %o he larger thax

granunles of the modified wtarikecs.

3.4.14 Falrie Thickoers Meauurewent

Pabric thickrese is important in the zitudy of other fubric
characterletice, s-»uc;h as  thkermal insulation, recictance,
dimeumional stability, fabric otiffness, abrasion resisttance
el ‘

The wmeasurement of fabric thickness ol starched fabrics
egables & Dbetter understanding of the effect pf different
sbraches on the thickness of faleics.

Tables 3,15 and 3.24 shows that the wse of 1ige starch o
stiffern ootioer fabric resultad in cottor fabrics having the
higbest thickness. 7ol le followed by potalo, 3% maize, Gulnea~
Corn, malze, caseava, 1.9% cassawva, 1.5% maize, and 3% cassava.

The high wvaluve for fabrice treated with rice starch is
probably due to thé emnll size of the storch while the bigh valuve
fur fabrics treated with potatc starchk is probably due to the
presence of some starch gradns on the falric surface which did
wot penetrate igio the falzric, The values obiained fo: - los
treated with guines corn and cors starches are noderate due to
their averagely small size starch granules.

In Lhe caze of the nodified starches, the thickness of
fabrice treated with maize Btarch decreased with incrsase in the

concentyation of the acid uweed., Thio is in contrast 1o fabrice
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treated with cassava starck where the fabwric thickness increased
greatly {or 1.5% cassava and decreased sharply for 3.0% cassawa,
The reason for this behaviouvr may be difficelt to deduce but it
Ig likely +ihat some of the fine starch granules must have
penetrated into ithe yarss of the fabric, thereby resultlag in an

increape in fabtric thicknecs.
3.4.15 Guhbiective fececcwent f Fabrics

(1) Siiffnese

The order of decreasing stiffness recorded during the
subjective assessment is wery different from that obtained usiog
the bending length measurement. Variations, cuch as the position
of 1.5% caesava starch are very prosinent. Xauwy reasons may be
responsible for these variatione. These may range from bumen
error during subjective assessment to irrvegularities in the
fabric structure, thereby resultlng in some faltwics possessing a
higher bending length than others. However, diecrepancies
between results chtaised by chjective means and subjective means
AT®  LOMDON. It is often safer to stick te that obtained by

objective techniques since these are often reprducible.

(31 QOdour
The pdour perceived in the fabric was ae a reswlt of
ironlsg. The heat given off by ihe 1rom degrades the euncess

starch on the fabric. The odowr perceived in fabrice starcked
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with potato and rice etarch was therefore due to the degradation
of the large deposits of starck on the surface of the fabric.
Likewiee, the failnt odour perceived in the case ©of fatrice
treated with meize, guinen corn and cassava starches wae due to

small depsits of starch on the surface of the cloth.

(411 {hange i» {olgur

The change in colowr wobiced for fabrice treated with
guinea-corn wae due to the light brown colouration of the guines-
corn starch paste while that of rice starch may he attributed to
either the dirty white colouration of the rice starch powder or
to degradation as a result of iroring. These discolourations are

extremely faipt and cannot be noticed for most fabrics.
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CBAPTER_POUR

4.0 COBCLUSIONS

4.1 Slarchk Production ¥ethods

Starch recovery is relatively high using the eztraclion
methods employed in ke arcject. The low recovery for rice
starch can be improved upon by the use of a very good dry milling
machine. These methods are relatively eacy and required ihe uee
of verv few complicated mackines. However, 3t Is recommended
that for commer<ial purposes cassava sioarch cshovld be made from
frech cassava tubers inetead of cassava flovr, becaues the etarch

produced in thie iastance is cheaper and betler in quality.

4.2 Quallly of starch produced
The starches produced in this study are of relatively high

grade. The phyeical apicararce of the starches produced meets
tke winimun stardards required for ueage in most induetries with
the exceplion of food and pharaaceutizal industri=e.

The chenical properties of thke etarchee produced are also
withisn the permissible range for commercial wuse in most
industries. It is important 1o note that most industries
particularly the pharmucsutical and feod (ndustries ofien require
starches that are of extremely high grade. The result of this is

that tle price of such =tarches are quite higk since it is the
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purpose of this project to produce starches that are relatively
cheap and which will be ueed msinly by tezxtile industries and
textile consumers, much emphasis was not made on the production

of pharmacestical grade starches.

4.3 Rheological propertlies pf the Starch pacies

The viscoeity of the starch pastes was found to be of this
order: Potato starch » Cassava starch > Nzaige starch > Rice
starch » Gupea Corn starch,

Generally, the smtarches sxtracted from tvbers were foumd o
be more viscoue than starches from cereals.

Starches tkat had larger gramule eizes possessed higher paste
viscosities than thoese with smrller granule sizes, However, the
viscosity of starches with smaller granule sizes tended {c be
wore cstable to heat than the viscosity of starches with bigger
granule sizes,

The viecority of acid wmodified starches appears toc be
dependent on the conditions of modification. It ie likely that
the wiscosltiy of acid-modified starches will cease to reduce
after most of the branched amylopectin chain have beer broken,
This is ldkely o e the reason for the similarity iz the
viscoeity of 1.5% wmaize, 1.5% cassava and 3. 0% maize starch
pastes. The wiscoeliy of a modified starch paste decreases with

temperature, this may be azm a result of mechanical shear.
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Thougli no experiment was conducted te find out the size of
the gramules of the modified starches, it is likely that modified
starches that underwent the more severe modifying conditicns will
pocsess tmaller grarule size and hence lower viscosity. This may

explain why 3.0% cassava and J3.0% maize starch pastes weze

relatively lower in viscosity thapg 1.5% coassava and 1.5%% mmize

. pastes.

(1Y Giziung of yarpe

The starch pastes of cereal starches are more efficient than
the starch pastes of tubers when used to eize warp yarns.
However it might be possible that camsava and potato starches
could possess a higher efficiency if the sizing war performed
using a much less concentrated starch paste. However, since this
waz not verlfed during the course of this work no conerete
assertions can be made.

Likewiee, modified starches of cassava are very efficent when
used to size warp yarne, infact cassava starches modified with
1.5% HCl for 4hre at 45-8070 produced betiter resulis than the
sumcdified starch.,  In the case ©f maize starch, the uumodified
starch performed better than the w»odified starches. It 1=
important to note that while modified etarches are reasonably

eificient fur the sizing of warp yarns; since they increase the
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yarng strengthk to a reascnable level and they do not make the
yarus brittle as the unmodified starches, the cost of poductien
of mudifled etarchers is much higher and Luielr producticn e time-

conbund ng.

(11 fm a stiffemiang agent
The cereal starches f{except CGuinea corn) produce more

etiffness in fabrice than the tuber corn starchee. However it
may be possible that the slif{fuese of fabrice sy also Jdepend on
characterietics of the woven febric, since more open fabrice will
kave larger pores, thereby coabling large starch graneles Lo
peretrate into the fabric

Modifled starchee of cassava produced fabrics wilh nore
etiffnese than the upmodifled etarcbes while the reveree is true
for maize starches.

From the reculie of this mwmoject, rice slarih produces the
best result when using starch as a stiffening agent. This is
because bLoth the subjective awd objective aesessment resolts
showed that rice starck bad a very Ligh stiffening effect on
fabrice while maize starch gave a highk bending length but gave
pocr etiffening effect on the fabric when a subjective assessment
was carried on the fabric.

From the results of Lhie project, potato starch has the
lowest stiffening effect on ke fabric, while In the case of the
modified estarches, the modified corm starch are less efficient

than the modified cagsava starch.
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T is important to note bowever, that the viecosily of e
starch paste affectﬁ-t#éheffaciﬁuoy vi th2 starck whken used as a
stiffening agené. Heﬁée, change i# the concentration of starch

paste may alter the order of efficlepey of the starches when used

ag o ghtiffening agent.

4.5 Effect af Starch on the Air permeshilily amd ihickuess of

The air perﬁeability of tke falric, was greatly reduced when
starches of maize, guines corn, rtice ard potato were used. The
wodified starchée reduced the air perpeabllily of ihe fabric 1o a
mininal extent. However it cam be seen that the alr permeabiiity
of the ﬁﬁﬂified corn starcheg-are relatively higher ihan those of
cassava. The implication of thie reselts fe that for
applicationse that require that the fabric remain reasocnably ﬂpeﬁ,
aodified starches are recommended.

The thickness of the fabric was izcreaced by 0. 014-0. 17Cms by
the starched fabrice. The mndified starches with the exception
cf 3% maize starch produced omall increases in the fabric
thickress while starches of potato, rice and guinea corn wroduced
large increaes., Maize and caesava starch gave moderate increases

in the fabric thicknese,

4.6 Recommendations
_ Modification of starches using oxidisisg agents produce

starches with lower tendency to retrograde. This aspect ie of

Tk
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particelar dpterest to the teziile and allled Industries.
Further work im this areva oay produce lnteresting and useful

resulits.
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