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yam were studled in order t

i_F1elder) of 1nfer1or baklng gual1ty A flour comp051te

s

“starches from arrowroot, cass

.1ncorporatlon and role 1n,-

FERE ABSTRACT

»

3

The phy51co chemxcal proZertles of troplcal root

va, ‘sweet potato, taro and

\

clarify the1r p0551ble
propertles were then compareﬁ with thosé of starches from a

Canadlan western red’ spring wheat (cw sw) (cv Nbepawa) of
good baklng, and a. soft whxte spr1ng w eat (SWSW) (cv.

‘o

formula of 85% starch and 15% vztal gluten was adopted for.
all starches. Bread from pure wheat flours obta1ned from

Neepava and Flelder were usedh&s the standard and 1nterna1

references. Based on the 1nfluences in bread makxng of

starch granule s1ze dlstr1butlon and morphology, percent

-amylose and m1neral contents, water b1nd1ng capac1ties,

swelllng power and solubllltles, gelat1n1zatzon propert1es

and enthalples of fu51on, gel v1sc051ty, retrogradatlon in

.gels,,aff1n1ty for gluten, 1nteract10n w1th monoglycer1des, E

dough rheologlcal propertles, bread qualltles in the

presence -and absence of monoglycerlde, and sensory

"evaluatlon, 1t was concluded that wheat starches made better

'comp051te breads than root starches with the same grade of

.v1t¢ﬂ'blutgn of the root starches, cassava produced then;g

\

3best comp051te bread next in: qua11ty to those ;f the wheat

1starches, followed respectlvely by yam,'sweet potato ‘\\?Tr

'jand lastly by arrowroot starch Subtle dlfferences between

//

,tstarch composltg breads and the standard wheat flour :

. ¢ S

N SR

bread maklng formulat1on. These

b



<

' breadznd1cated the need for the estab11shment of proper

formulations and bak1ng cond1t1ons for the compositebreads.

.‘The study,‘however, demonstrated that root starches possess

varylng potentlals of bE1ng used’ in comp051te bread maklng
wlth gloten or strong wheat flours. The study, in add1txon,
has prov1ded fundamentalwresults whlch could be useful in.
further bak1ng 1nvestlgat1ons 1nvolv1ng root tuber flours,
S1nce such flours are predomlnantly composed of starch

!
K-
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1. INTRODUCTION
Wheat bread~products are staple foods in many‘countries’
(Pomeranz and Shellenberger, 1871), Consumpt1onvpattern5‘
vary w1dely from one region to another, but they are'
generally ‘higher and on the ‘increase in develop1ng
countrles. In recent. fyears high populatlon increase rates
and urban migration of people én seardh of better_
occupatlons and standards of living are more ;espon51ble for
thls occurrence then any other factors. . B
In gontrast, wheat cultlvatlon on a large scale 1s

;_llmlted to only ‘a few dreas in the Unlted States, Canada,'
'Europe, the USSR, Argentlna,vAustralla, and New Zealand.
These countrles account ‘for about 80% of world wheat
productlon /}@t have a total of only about one= thlrd of the';7'
populatlon (Rim and Ru1ter, 1969)q Wheat productron in the .
‘developlng countrles is: generally on a low scale and 1s
often hampe;ed by poor soils, bad c11mate, dlsease and
'iwpestsr The y1elds are. therefore low 1n—most of cases and
i'have to be. supplemented by 1mportat1on, whlch 1s expen51ve
4dand uses up valuable forelgn durrency reServes, thus L

- worsenlng ‘the. balance of PaYments..“ ' ‘;ff,',"
. Developlng‘/puntr1es can reduce thls problem by
~adopt1ng compos1te flour technology,_whlch prov1des the
,poss1b111ty of extend1ng the ut111zatlon of the llmlted
};wheat supplles for bread and other wheat based foods through

jmlxed flours, 1nclud1ng commonly ava1lable non wheat sources

?(Klm and Ru1ter, 1969 Blalse and Oke21e, 1980) Proteln

R vl
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flours fromnoil-seeds, such’as sunflower, cottonseed,
: peanut soyatand several types of beansrand peas can be used
to 5ubst1tute for part of the wheat flour in bread
~formulatlons to make good and acceptable bread Slmllarly,
'starch flours from tropical tubers and cereals can be used
Comp051te flours qan ‘be formulated to 1mprove the d1et
(MacConell'et al., 1974 ; Hoover, 1975 Flem1ng and
Sosulski, 1977). Off1c1ally recommended levels %% minerals¢
~and v1tamrns (Gage, 1978) may also be added ‘When wheat
flour has strong gluten, comp051t1ng may be necessary to
‘dllute the gluten in order to obtaln a flour of desxred
’ baklng end use. Starchy flours can be: verg useful in thlS
: partlcular requ1rement. ; |
| Pure wheat bread has attractlve organoleptlc propertles
‘which have'made it a popular food worldw1de Comp051te
, bread be1ng less expens1ve than ‘wheat bread ‘would'be
economlcally more de51rable in poorer natlons Butvin order
’for comp051te bread to be acceptable to the consumers, it
,should have organoleptlc propertles close to those of pure

M .

_wheat bread,;



o 2. OBJECTIVES OF THE INVESTIGA*IGNS
The main . objpctlve of the: 1nvestlgatlons was® to
Adeterm1ne the p0551b111ty of u51ng starches from some
'troplcal root crops in breadmaklng Such bread\woald need to,df
have qualities acceptable,to consumers.lt _' 4 ', Y
2.1. Determrnatlon and Compar1son of the Phy51co chemxcal

: Propertzes of Starches from some TrOplcal Root Crops and

Canad1an Wheats |

-

Trop1cal root crops, unllke wheat, are not customarlly
used for breadmaklng It was therefore necessary to |
‘determlne and understand the phys1cal and chem1ca1'
o propert1es of the root,starches in order to relate them to
those of wheat o o

Arrowroot cassava, sweet potato,.taroTand'yam<starch€§$
‘were selected for the study. Flours and starchgs of Neepawa'_f
r(superlor bread maklng) and Flelder (1nfer10r bread maklng)wf"
FCanadlan sPrlng wheat, ‘were 1ncluded ’ﬁt : hkl o

The propert1es 1nvestlgated for every starch were.v_h i
Agrarn s1ze dlstrlbutlon and morphology, amylose and m1neral‘
.'contents,_graln swelllng power and solub111ty, |
:jgelat1n1zatlon behav1our,‘retrogradat1on w1th storage tlme,f___
complex1ng w1th monoglycer1des' aff1n1ty for gluten' and

f-ﬁfrole~1n.breadmak1ng;‘- SR ‘x:n*»f_.'whg'[ il



2.2 Breadmaking with Roét Starches afid Gluten Composite
| Flours'and}its Comparison with Bread made from Spring

Wheat Flours

The dry matter content of flour for baking is mainly
starch (75-80%) and gluten (11-15%). In order to investigate
the compatibility and role of root starches in bread,
compoéite flours consisting of B5% starch and 15% gluten
were‘made and used throughouf'the study. Interference from
the othe{ ingredients usually présent,in bread formulations
was avoidea by making bread intended for ihstrumental
anaiyéis=from é lean formula of flour, sugar and salt, while
bread -for panel tasting and overall quality assessment had
shortening included %ﬁ.its formulation in order to improve
its organoleptic properties. Of particular interest weré the
handling propertieé of‘the composite doughs and the shelf

life of their corresponding breads.

j2.2.i Determination and Comparison of the Dough Rheological.

Characteristics 6£ Wheat and Composite Flours

Prior to using the comp051ti'#1ﬂurs in breadmaking, it
was necessary to determine the rheologlcal properties of
their doughs during mixing. Knowledge of the handling
properties 6f the doughs during mixing was required in order
to make doughs of equivalent consistencies by subjecting
each to its optimal mixing requirements. Hence, the optimal
flour water absorptlon- dough arrlval development,

- stability and departure times; and mixing tolerance under



staﬁdard farinographic conditions were determined for each
composite flour and compared with those of wheat flours
2.2.2 Det§rmination and Comparison of the Shelf Life

Properties of Bread from Wheat and Compositelflours‘in

Absence and Presence of Monoglycgfides

Starting soon after baking, chemical and physical
changes occur in bread, making it stale. Stale bfead-is firm
and has very poor organoleptic properties. As a result, it
has low consumer acceptability, thereby inflicting economic
losses on processors and retailers of bread.

Since monoglycerides are known to reduce the tendenEy
of bread to firm during storagek‘théy are widely used in the

2 ¢

bread industry. Breads‘contain?ng monoglycerides or none at
all was made from composite flours and compared with similar
bread from wheat flour. Experiments to investigate their
shelf iife stability were designedlto cover crumb

compressibility, penetration resistance, and crystallinity

of the starch in the crumb as a function of time.

2.3 Quality Evaluation of the Bread by Taste Panel
Knowledge of the quality of the’composite~b:ead, as
judged by consumers, was needed. To provide this
%nformaiion, a taste panel was 5rganized to evaluate and
give organoleptic appraisal to the composite types of bread,
and‘compare them with wheat bread according to the bread

quality scoring and evaluation chart recommended by the

4



American Institute of Baking (Matz, 1960).



3. LITERATURE REVIEW

3.1 Tropical Root Starchés

Several tropical root crops are knéwn to be excellent
sources of staréh. The main examples are arrowroot, cassava
sweet potato, cocoyams (taro and tannia); and yamé.
Examination of literature on tropical root crops (Shipman,
1967; Edmond and Ammerman, 1971; Onwueme, 1978; Tu et al:
1979; Wang, 1983) shows that cassavé is by far the most-
industrially exploited root crop in terms of”starch'
production., Sweet potato starch, aécording to Phillips
(1974), is of more-sjgnificant industrial importance in
Japan than elsewhere due to political proteétion.'Arrowrootv
provides a minor source for industrial starch production,
while taro, tannia and yémé are important staple foods in
the tropical areas where they are grown, but have not been

given serious examination for industrial starch production.

3.1.1 Occurrenée

Synthesis of starch occurs firsf in the leaves of
plants.‘Starch cannot however be directly translocated
within.the plant. It must therefore first be brdREn;into
sugars, usuall} sucfose'ahd glucose? tovfaciliﬁate’
translocation to the amyloplasts (plastids) for resynthesis
and‘storage (Badenhuizen and Dutton, 1956; Porter, 1962);
Such starch acts as a stored energy resource capable of

':being remobilized by enzyme action whénevér needed_by the

L2



plant

For troplcal root crops, starch storageaoccurs in the
plastids of the tuberous roots of cassava, yams and sweet
potatoes asﬁwell as ln the arrowroot rhizomes and in the
tannia and taro corms.

Starch may be deposited as a single‘granple or several
- granules per‘amyloplast; Starch is said to be simple in the
former case and compounded in the-latter (Buttrose, 1962;
"Badenhuizen 1965). Cassava and sweet potato are examples in
whlch compounded starches occur. In most cases, compounded
starches are dlslntegrated'durlng the starch Isolation
process. ‘

The various root crops contain different amounts of
starch, depending on type of crop, cultivars, 50115,.q11mate
and age of the crop. Fresh, mature arrowroots contain 22-28%
starch (Shipman, 1967). Mature cassava contains about 32%
Awhen tubers are peeled (Kniohtly,t1969), and about 20-25% in
unpeeled fresh roots (Purseglove, 1968) . Wijeratne (1974)
reported timt Sri Lankan cassava varieties contaln 22-23%
starch. " Sweet potatoes)contaln uptto 30% starch (Kn1ghtly,
1969). Keitt (1909) reported the lowest starch content of
14 43-16 46% and the highest content of 16. 46-19.07% for
American sweet potatoes. Taro corms contain 13-29%
carbohydrates, of which 77.7% is starch (Coursey, 1968;
Oyenuga, 1968; Onwueme, 1978)] Carbohydrates form about 1/4‘.
- the mass of fresh yam tubers; 28% hav1ng been reported for

Dioscorea alata (Onwueme, 1978). il



3.1.2 Starch Isolat1on from Tubers

Production of starch from cassava tubers and arrovwroot
rhizomes follows the same process (Shipman, 1967). Fresh
tubers or rhizomes are washed with high pressure water-jets.
The cleaned roots are rasped into a pulp, which is suspended
in plenty of clean water ahd sent to a series of~shaker”or‘
rotary type screens for separation of the fdbrous-debris,-
Sulfur dioxide (0.2% -- Shipman, 1967; 0.0di -- Onwueme,
| 1978) is added to the final screening and washing steps in
-the process to improve the color of the starch, aid in
settling and hinder the actions of'molds and bacteria on the
starch. In_addition, SO, keeps the screens free of gummy |
substances which would otherwise block them <Shipman, 1967);

The starch mllk is passed through a cyclone to remove
sand and other debrls The starch is then recovered from the
milky suspension by cehtrlfugatlon or settling, and is then
dried to a moisture content of 10-14% (Shipman, i967;‘
 Knightly, 1969; Onwueme,'1978). The starch is usually
pulverized before bagging. | | |

Sweet potato starch is 1solated in a process in Whlch
an alkaline pH (9) is malntalned with calcium hydroxide
solution'(Knightly, 1969). After washlng and maceratlon, the
pulp is’forced through Screens. SOz.is-added to‘preVent
formation of melanin color fromvterSine. The starch is
washed and separated from the pulp 1n centr1fuges lined with
screens. Further cleanlng 1s achieved in centrlfuges before

sending'the starch milk through hydrocyclones for
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purification. Water is‘removedfaqd the starch dried
(Knlghtly, 1969).

L1terature on utlllzatlon of taro and yams for starch
production is scanty. Starch from yam tubers may, however,
be produced using ;he same process as .for potatoes, with
-appropiiate pH adjustment. Starch from theltarq corhé can be
obtained using the same pfocess“aé'for,arrowrootfand
cassava. | | |
3.2 Wheat Starch Properties _

From.7$ io 85% of the wheat kernel is made up of the
endcsperm. The endosperm consiste-of starch grains embedded
.ie'a‘mat:ix‘of gletenfforming proteins. During wheat.
'milling,;the endosperm is scraped out, being separated'from
‘ fhe bran and the gefm-before grinding to flour KBritten,
1969; Zieglee_and Green,‘1971; Alf, 1975;_Jenkins;f1975).

The starch conterit of wheet kernels and flour varies
inQerselykwith the protein content\(Hopkins‘and)Grahaﬁ,, |
1935), the total amount being affected by soils and climatic
conditions (Pemefan?, 1980) . Hardlﬁheats contain less starch
thei/soft wheats Starch content iehfleurvis affected‘by the
degree of extraction and refinement (D' Appolonla et al
1971). For 1nstance, 80% ex;raetlonrt;ou; w1th 14% moisture
'has'65-71%}sﬁafch (Herd and Kent-Jones, 1931; ngkins'aqd
Graham, 1935, Dimler et al. 1944; Fraser and Holmer, 1956;
Pomerenz, 1980). On.a dfy basis; bread.making wheat fleurs

" have 75-80% starch (Tipples, 1969).



3.2.1 Isolation of Starch from Wheat Kernels j
Earlier methods of starch isolation from wheat; for
instance the Halle pfocess,.aimed at destroying the wheét
protein. Whole wheat kernels wefe softened by stee;ing in
Qater»followed by one.to'four veeks of fermentatiop in which
‘the gluten was broken down by chemical and Biochempcai
| reactions (Radley, 1953; Anderson, 1967). Dissolvea prétein
was eliminated és soluble waste by decantation. The starch
was separated in revolving screens,‘and purified by rep;

4

agitation in water, sedimentation and decantation. The clean

ated

" starch was then dried (b'Appoibnia et al. 1971).

| The Halle process was'superceded by the_Alsation .
proceés b¥ which §ta;ch and-gluten could‘bothvbé isolated
from the ;heat kérnels.theat was squeézed in net bags
thfough a sgries of rollers, the s;arch being washed out at
the same time with water, then recovered from the suspension
and dried. Gluten was recovered from the residue in the
bags. The process waS'quitevlabprious (Radley, 1953:
Anderson, 1967).

'~ Modern starch isolation from wheat uses the Martih or
:Batter_procégses;Abbth Qf which Starf'wifh wheat flouf{'The‘
 cleaﬁed.whea£ kernels are tehpered (QACC; 1982,4mgthod-

- 26-95) before milling. Tempéring is neceSsafy’to»tOUghen the

~ bran on the kééﬁéls'and condition the "endosperm moistute
'.',content tdkiacilitate clean andvmore-chpleEe*iSblation_and
séparatioh.of theendosperm'frOm the bran and the germ -

(Britton, 1969; Ziegler, 1971; Alf, 1975; Jenkins, 1975),



The endosperm is then reduced to flour by rollers.

In the Martin Process, a dough is made and starch is
washed out from it with pienty of water. The gluten left
behind ié carefully dried to save its vitality. The starch

is centrifuged from the slurry and flash dried to about

&
TR

10-12% moisture content (Knightly, 1969; Anderson, 1967;
D'Appolonia et al.. 1971).

The Battervprocess differs from the Martin process in
that a slack dough is made and disintegrated in a large
amount of water. Gluten forms into smé%l curds and the
~ starch is suspended in the water. The gluten and starch are
separéted by screening. The gluten is then washed and dried,
and the starch is recovered as in the Martin pfbcess N
(Knightly, 1965,‘1969; Ahderson,A1967; D'Appolohia; 1971).

| Chemical methods using-0.1% NaOH (Knightly, 1969),
0.3%N NaOH (Dimler et al. 1944) or 0.2N NH,OH (Phillips,
1966) for the solubilisatioh.of protein from wheat fiour,
iéavingiétarch behind, héve been described. The.starch

produced by the Martin and Batter processes .is, however,

purer than that obtained by the chemicdl processes.

3.3 Starch Properties

For almost five decades starch researchers have been

s

interested in the properties of native starches and thei
X ' ' » TN
functionality in foods.(Alsberg, 1935; Pulkki, 1938;

1‘\. -
\r 7S

y | i
T

)

Sahdstedt et al. 1939;‘Harris and Sibbit, 1941, 1942; Burham

and Clépp;_1942; Whistler et al. 1955; Schoch and’Méyﬁald,~
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5956; Schock, 1965; Medcalf and Gilles, 1965; D'Appolonia
and Gilles, 1971; Hosney et al. 1971; Dahle, 1871; Kulp, . .
1972; Rasper et al.1974; Sterling, 1978; Pomeranz, 1986;
Hoover ‘and Eadziyev, 1981; Christianson et»alf j982; andf
many others). |
Several properties of starch have~receiyedhintensive-
1nvestlgatlon These include: grain size distribution‘ana :
morphology; comp051t10n and structgre of the gra1n° starch
swelling power andpsolub111ty; v1sc051ty,of the starch_
pastes; gelatinization characteristics;‘retrogradation;‘2%
affinity.for gluten; and complexfng with monoglycerides‘to-
counteract the effect of retrogra at1on. These propert1es‘

affect the texture and quality of foods conta1n1ng starch

They are reviewed further below 1nvrelat1on to root crops ”@

- and wheat starches.

3.3.1 Starch Grain Size Distribution and Morphology
Starches from different sources are’so characteristig“
in size and shape that they can be 1dent1f1ed thlS way

(Schoch and Maywald, 1956; D' Appolonla et al 1971) In.

, addltlon to size and shape, other propertles of 1nterest are

the presence or absence of h1lum, 1ts p051t10n, and whether
it.is centr1c ‘or -acentric. The . presence or. absence of D
striations is also an important feature"1n relat;on,to L
whether‘or not they surround the'hi1Um; Therappearance:of

the granule when v1ewed in polar1zed 1lght ~normally cailed

blrefrlngence, is also 1mportant.
A4 :

@ -
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3 3.1.1 Arpownoot Stanch

Arrowroot starch gralns vary in size from 5- 50 pm

(Serdemann, 1964). This size range is larger compared to’

_ 3.9%?5.6 um reported by Ciacco and D'Appolonia (1977).

@

. These reSearChers reported arrowroot starch to have a

—

' fcentrlc polarlzatlon cross. The gralns had a c1rcular

V;-

: appearance under polarlzed l1ght

3.3. 1 2 Cassava Starch

‘//45

Cassava starch graln 51ze distribution has been

Q‘
®

, presented as 0 5 um (7 3%) 6 10 pm (21 3%); 11-15 um

(19.63%); 18- 20 a1, (36;0%) ; 21-25 um, (8. 52%) "26-30 um

'(4,24%) 31- =35 um’ (2.88%f; and 36-40. um (0.2%) [%eidemann,

1963]  Wivinds: and Maywald (4967) descr1bed cassava starch .

-] .

’grains,/s round truncated egg,‘and cap shaped with

3
moderate polarlzatlon crosses. Clacco and D" Appolonla

(1977) found them to gary from:7.8- 9, 5 um in size and they

were round 1n polarlzed light. Onwueme (1978) reported

B"°‘

a“,ycassava starchwgrazns to be 3 35 um in 51ze, while Pyler

L 3 3 1 3 Sweet Potat@ Starch ‘

as . round or oval 1n shape, characterlzed by an Lndentatlon

-

(1979) reports an’ average size of 20 um- and descrlbes them

’

®

~on one 51de and the presence of a f1ssured centrlc hilum.

t__@.

"e‘,
;

Accordlng to Keltt (1912) and Thurber (1933}

&)

”"“gralns of sweet potato starch are 51m11ar to those of

' ‘tvcassava. Matwejew (1958), c1ted‘%y Seldemann (1966) found

'that sweet potato starch gralgs varled 1n size from 0-10 um‘

Y



y -
(64-89%); 11-40 um (10-36%); and 41-70 um (0.07%). This

4 agreed w1th the’ work of Reichert (1913) and of Seldemann :
(1963). The granules of sweet potato starch have been .
descrihed as round and polyhedral, some them having rounded
facets. The hllum is centric. Polarization crosses vary

from strong in the rounded ones'to'weak'in the polyhedral

ones (Wivinis and Maywald, 1967) .

°3.3.1.4 Taro Starch |

| Payne et al. (1941) reported.the size of taro starch .
grains to’vary from 2. 559;3‘fm,yfhis\was cbrroborated,by
Amin (1955) whereas Seidemann (1966) reported a size

| dlstr1but10n of 3-15 um, ‘with a few large ones 901ng up to
21 um. WlVéﬂlS and Maywald (1967) found that all taro

starch gralns were less than 1 uhn in size. Radley (1940) -

‘h more recently, ngashlhara et al. (1975) and" Gr1ff1n

ﬁﬁ) concluded that t§ro starch gralns vary in size from
;6 5 um, Accordlng to Seidemann (1966) the gralns are
fh51m1lar in shape regardless of spec1es. They are -

;ompounded in groups of 2-6 or more gralns. Ind1v1dual;

#ralns result from the d151ntegrat1on of the compound

}granules Ind1v1dual gralns havé weak polar1zatlon crosses."

and acentrlc‘flssures.

3.3.1. 5 Yam Starch o

Yam starches have been reported to ra ge in size from R
1- 70 um Seldemann (1964d Some spec1es of yam' vary greatly, xd'

whlle others are. qu1te 51m11ar 1n size and morphology of
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their starch grains. According to Onvueme'(19l8)‘the
largest starch grainsvare located in the pith of the'tuher,
decrea51ng in size towards the tuber ends and surface.-

The starch grains of Droscorea a]ata vary in size in
’the ranges 5-20, 21-40, 41- 50, and 51-70 um (Planchlon and
Juillet, 1909). Rao and Ber1”(1955)‘found them.to-be 36 pm
_long and 21 um wlde,on average. Ciacco‘and D'Appolonia |
(1977) reporte'd'them to be 25.4-31.2 um in width and 27-50
um in length, homogeneous ln shape, being mainly |
‘triagonally rounded and possessing an acentrlc pol rization
cross. Seldemann (1964) descr1bed the 9P8¢Q$ as elongated
oval, partly rounded or sllghtly curved trlangularly
'rounded or ell1p301dal Onwueme (1978) reported an average
of 55 um for the granule size. . |

DIOSCOPea rotunda starch gralns vary 1n size from
‘:5-20, 21-55, and 56-60 um (Chlng—Shen, 1955) 'They are-
elongated oval egg- or ell1p501dal shaped (Seldemann, .
1964). The starch gralns of D. batatas are 51m11ar to. thosel
of D.'Potunda. \ | A |

E”D; dumentorum, D. hispida and.D. esculenta have very

~small grains of‘starch' a11“1?5 um (Seidemann 1964) l;

N dOnwueme (1978) reported an even smaller 51ze range of 1 2

um. for D. esculenta. ‘ _ .

, D. bulblfePa has starch gralns of 5- 45 um, the>
"umajor1ty belng 20 40 um, The 51ze ranges for D cayenens:s ‘
’are 3- 10 10- 20 and 20- 25 umt The two spec1es are very

,sinilarlmorphologlcally,nThe starch grazns are rounded -
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.triangular~or trapezoidal, with a pronounced hilum
>

(Seidemann, 1964; Onwueme, 1978).

3316Wheat$tar'ch . | S

Hoyer (1911) found the size of wheat starch grains to
be from 30—55 um, while Remenovsky (1921) found the l1m1t
' to be 57 wum., Brehmer (1928) examined several wheat' ’
var1et1es and reported starch grain size ranges of 14- 39 pm
(7. turgldum) 15.4-39.6 um (T. Spelta) 11.1-30.1 gm (T
dlcoccum), and 12-27 um (T, monocuccum) G

The presence of equator1al grooves on some- wheat
starch gralns was reported by Burham and Clapp (1942)
Sandstedt (1955), and many others afterwards. Kerr (1950)
e dlfferentlated vheat starch gra1ns in two categorles small
donut 11ke ones of size 2-10 um and 1arge lentlcular ones d
_/of 51ze 20-35 um. Accordlng to Lentner (1956), small starch
-gra1ns up to 10Aum 1nvs1ze account_for about 88¢4%-of_a11 |
starch {n wheat, while about.6.21 5.2 anddO.B%‘of the
vgrains are'foundyinhthe)size ranges‘of'11~20; éi430} and f
: 31-45‘um; resoectively MacMasters and Waggie (1963)’-
asserted that there is no. dlscrete 51ze d1v151on of wheat
starch gra;ns into large-and small but that there 1s a
Qgradual;continhous.change in the s;;e_d1str¢butlog. Many
| reseachers; including‘Seidemann-(i966)”and'PYLer'kfgﬁéX;
tend to generally support Kerr s f1nd1ngs.:" |

Some .of the larger lentlcular starch gralns have ai

falnt centrlc h11um the surface belng smooth w1th no

__strrat1ons (Wh1stler,‘1965, D' Appolon;ahet,al 1971) Pyler -
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(1979), howevér, reported that the hilum is acentric.
Although %grge granules form onl; about 12.5% of all the
starch-in wheat, they account for most of the weight and
surface area of free wheat starch (Grewe and Bailey, 1927;

Stamberg, .1939; Hanssen et al. 1953). Stamberg (1939)

/reported that the specific surface area of 1.0 g of wheat

starch i1s 2,004 cm?.

3.3.2 Starch Granule Compoéition and Structure
The starch granule is m?de up of basically two

polysaccharide polymers. Amylose has a straight chain

configuration, containing D-glucose units linked through

-1,4-glucosidic bonds. Amylopectin is a branched chain
polymer of D-glucose units, connected as in ahylose but
through the a-1,6-glucosidic bonds at the junctions (Hough
and Jones, 1953; Greenwood, 1956; Wolfrom and ElKhadem,
1965; Schoch, 1961, 1962). - |
— Amylose contains'500-2000 units of D-glucose ana has an
average molecular weight range of 80, 000 3%0 000 (Schoch,
1961; Pyler, 1979). Amylopectin has about 2&—30 glucose
unité per link and contains several hundreds of such links.
For wheat starch, Potternand Hassid (1948) found that
branching in amylépectin oécurred after every 23 glucose
units. According to D'Appolonia‘et al. (1971), these values
only indicate the overall degree of%branching. They do not

show the inner or outer chain length of amylopectin., Lee

et al. (1968) asserted that there was inWfact no symmetrical
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branching in amylopectin. The total molecular weight of
amylopectin has been estimated at one million or over
(Schoch, 1961; Pyler, 1979).

Mindr branchings have béen noticed and reported at some
of the carbon 2 and 3 positions of the glucose units in the
chains (Fruton and Simmonds, 1958).Leach and Schoch (1962)
also reported the existence in corn of ah intermediate,
slightly branched polymer in.addition to amylose and
amylopectin. D'Appolonia et al. (1971), however, state that
_these observations are minor to the established presence of
only amylose and amylopectin in the starch granulé.

The statch granule as a whole is a spherocrystal.
Inside the granule, amylose and amylopectin chains are
organized in concentric radial shells (Badenhuizen, 1959).
Adjacent amylose and amylopectin chains become bundled
tightly into crystalline, randomly distributed regions
called miceiles, which are held together by'hydrogen
bonding. A siné%f*gmylose or any of the free amylopectin
chains may be involved in more than one micelle, Hence, ,
micelles holdfﬁhe starch granule firmly together and are
responsible for biref;ingence observed as a polarization
cross when starch is viewed in a light polarizing
"microscépe. They are also responsible for the X-ray
diffraction patterné‘observed on starch. Evidence provided
by Montgomery and Senti (1958) tends to suggest that it is

amylopectin which is the major participant in micelle

formation’.
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Amorphous regions occur radially within and
tangentially betﬁeen shells where the amflose and
amylopectin chains are less closely packed. These areas are
not birefringent and are ?asilyvpenetrated by water. Further
submicrostructure of the ;tarch grain has been detailed by
Whistler and Turner (1955) and Nikuni (1957, 1977).

The amylose content of starch may be determined by
potentiometric iodine tifration'(Bates et al. 1943; Schoch,
1964) or by a colorimetric method based on blue color "
formation of an amylose-iodine complex (McCready and Hassid,
1943). Using these methods, especially the former one, the
amylose contents of several types of starches have been
determined. Bates et al. (1943) reported an amylose content
of 24% in wheat starch. Schoch (1945) found 26% using
pentasol preéipitation of amylose. Déatherage et al. (1955)
found in several Americanband foreign: wheats a range of
17-29% amylose. More recently, Medcalf and Gilles (1965)
found wheat starch to have 23.4-27.5% amylose, which agrees
with the range of 23.4-26.9 reported by Ciacco and
D'Appolonia (1977).

Greenwood et al. (1955) found 20.5, 16.7 and 17.8%
amylose in arrowroot, cassava and sweet potato sfarches;
respectively. Onwueme (1978) r;;orted 17% amylose in cassava
starch. According to Ciacco -and D'Appolonia (1877),
arrowroot, cassava, and yam starches contain 13.8; 14.5 and
23.3% amylose, respectivgly. Onwueme (1978) reported taro

starch to contain 17-28% amylose.
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3.3.3 Starch Grains Swelling, Gelatinization, Solubility and
Paste Viscosity

Swelling, gelatinization, solubility and paste
viscosity of starch in an aquéous system are interrelated
'starch characteristics which have been reviewed extensively
by Leach (1965) and D'Appolonia et al. (1971).

Native starch grains are insoluble in cold water
despite of their molecules being highly hydrqulatéé. This
is due to the presence of an intefnal micellar network
holding the starch granulg firmly together through hydrogen
bonds. The starch granules, howevet, are able to absorb
water (anq-other'solvents), swelling in the process. in a
cold aquéous systéﬁ, the swelling is limited and reversible.
If the starch grains are heated with sufficient water, they
remain unchanged in appearance until a critical tempefature
is reached’at which point some of the graih; begin to swell
tangentially ana‘irreversibly. They are said to be
gelatinizing (Leach, #1965).

Schoch (1964) devised a method for determining the
' gweiling‘power (sP) and solubility of starch. It involves

—

héating and stirring at 200 rpm 0.5 g OIwgtérch in a total
of 180 g of distilled water in a 250 mllcentéifuge bottle at
a controlled temperature for 30 minutes. Stirring is‘stopped
and the stainless steel paddle rinsed clean into the bottle
with a little distilled water followeé‘by addtion of water
‘to a total of 200 g water. The bottle is then éo;ked and the

contents mixed by inversion befote centrifﬁgation at 3000

-~ 3
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rpm for 15 min. Dissolved starch is de¥ermined as a
percentage from 50 ml aliguots of the centrifugate by
evaporation The swelling poWer'of the starch is determined
Afrom the paste residue in th;\bottle after correction for
" dissolved starch. It is expressed as grams of starch paste
per gram of staréh on dry basis.
(g. starch paste x 100)
SP = mmmmmememmmoeeeeoooeo
(Wt of sample, g) x (100-% solubles, db)

Swelling power, gelatinization, staréh solubiiity and
viscosity are fufictions of temperature, and vafy Qith
different starches.

Gelatinization do;s$not occur at one temperature, but
proceedes over a temperature range which is chara;teristic
of starch species, and even varies between granules of the
same starch. This is due to differences in the internal
three dimensional molecular associations in the starch
grains. Also larger grains of starch swell and gelatinize
more easily than the smaller ones (Leach, 1965; Sterling;
1974, 1976; Chung and Hudziyev, 1980).

‘ Gelatinization entails rupture of the hydrogen bonds
inside the starch‘granules. This action results in incréaéed
diffusion of qater into the granules, where it hydrates the
starch molecules on the hydroxyl groups set free by the
cleavage of the hydrogén bonds. The starch grains swell, but
lstillf%etain‘their outlines (Schoch, 1965). |

‘ Gelafinization and swelling begin in.the‘amorphoué
areas of the starch granule where bonding is weaker than in

the crystalline micellar areas. In fully gelatinizéd
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W .
granules, the crystalline structure is completely

disarfayed, as shown by era§ diffraction analysis and the
absence of birefringence (Leach, 1965). - . . |
The fully hydrafed linear starch fraction diffusesiérom
the swollen érains‘into the aquéous medium, Shorter’chains.
leach out preferentially (Leach, 1965). At past;hg |
temperature, tﬁe-swollen starch érains begin to form a
cohesive paste, the viscosity of which starts to rise
exponentially, mainly due to the swelling'of the starch
granules as they absorb water. If the paste is stifred, then
some of the swollen granules are broken, thus the final .
viscosity of the paste is a balance in consistéhcy due to
the unbroken swollen gra;ns; broken fragmenté.and dissolved
starch (Anker and Geddes, 1944; D'Appolonia ét al. 1971).
Maxamum viécoéity is recorded when the maximum nUmber_of
swollen graiﬁs exist in the paste, there after, the
viscosity drops as the number of broken swollen grains
. increases (D'Appolonia et al. 1971). Thé viscosity of a ;’
‘pastevis inf}uenced by concentration, températuré, the t;pe
of starch and the environmental conditions during forﬁatign
of the starch (Alsbgrg andrRaSk, 1924; Mangels and Bailgy,
1933, {934; Anker and Geddes, 3944);520pular‘inStrumenﬁs fo
’heasuring starch paste viscosity are(the’Brabender !
amylograpﬁ, Corn Industries and the Haake viscometer.
Several methods ekist for sfuinng‘gelatiﬁization of
starch. Amylographic methods depend on vicosity (Bean and

Osman, 1959). thiéal methods utilize phqtopastégraphy
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(Seidemann, 1967), and disappearence of birefringence in the
polarized 11ght (Watson, 1964 Miller 1973). Differential
scann1ng calorlmetry (DSC) 1nvolves thermal analysis of a
sample over a seleeted temperature range including |
temperaturesvabOVe 100°C, ehere’other methods are not

"eppiiceble (Stevens and Elton, 1971; anbvan, 1979; Wootton

and Bamunuaracchchi, 19 n and Mape, 1980;

Biliaderis et al. 1980; Hoover and Hadziyev, 1982). DSC
enables one to work with different water/starch ratios
witgout the problems of moisture loss control. It
facilitates better determinatiens of transition'temperatpres
anaventhalpies;

Donovan (1979) showed that gelatinization was a

function of the water present in starch. In excess water the

amorphous areas and the crystallites. gelatinized completely,

'glv1ng one endotherm.peak. At 1ower water levels,rthe
crystallites do not become completely "hydrated to cleave the
hydrogen -bonds. As a consequence,ithey melt at*higher
temperatures, giving‘a.shoqlder.endotherm to the main
gelatinization endotherm. At low water volume fractions of

less than 0.5, the geletinization endotherm becomes

progressively’smaller as the crystallites' melting endotherm

increases. The presence of clathrates in cereal starches

(e.g wheat) results in a melting endotherm hear 100°C. This

o ¥

is absent in root and tuber starches.

g
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The gelatrnization enthalpy of starch in the presence
of excess water represents the t&tal of enthalgfeSMrequired'
for swelling,.hydration'of molecules and melting of
‘crystallites. When the water content is.not sufficient, the'
enthalpy changes are malnly due to meltlng of the
crystallltes (Donovan, 1979). Accordlng to Stevens, and Elton
(1971), the decrease in the enthalpy of gelatlnlzatloni
observed as the water fraction in starch/water systemsi
becomes smaller is due to a reduction in the degree of
disorder inside the starch'granUIe.

Several factors affect the swelllng power,
gelatinization, solubility and paste viscosity of. starches
“Starqres high in amylose are more resistant to swelllng'and
gelatlnlzatlon due to a hlgh level of internal assoc1atxon.,_
Their paste viscosities are also low (Leach et al. 1959 |
‘ Leach, 1965). Waxy starches have higher swelllng powers than;
normal starches. Evidence prov1ded by Leach and Schoch
(1961) -indicates that. amylopectln is the one respons1ble for
swelllng power since starches from which amylose had been |
digested enzymatically Stlll had normal swelllng power

Cereal -starches swell less than root starches, whlle‘f

root starches swell less that tuber starches (Leach 1965).

The presence of chem1ca1 adjuncts, 1on1zed esterified

phosphate groups, natural and added surfactants and
(.

'monoglycerldes, fatty aCIdS, compounds that compete for

water and derlvatlzatlon 1nf1uence the starch swe111ng power .

and gelatlnlzatlon. Solubility and V1sc051ty are

f



consequently affected (Leach, 1965; D'Appolonia et al.
.. o |
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Sodium nitrate, urea, sodium hydroxide, ammonium

e ]
g

hydroxide,\potassium thiocyahate, potassium iodide and
H'similar chemicals wh}ch:cleave hydrogen bonds reduce the '
;internal‘molecu1ar associatioi of'stafch granules. The

’y 4
_reSult 1s reduced gelat1n1;at1on temperatures and hlgher
.swelllng powers. Dependlng on the sever1ty of the treatment
”such starches‘may swell and gelat1nlze'at room.temperature.
..SYnce "the. granules are 1nternally weakened the§ hreakn
_fea51ly under shear st1rr1ng force and hence have low paste , E
“v1sc051ty. Slm1larly, treatment of granular starches w1th |
© warm dllute ac1d and hypochlorrte below their gelatlnlzation RN
.temperatures results in starch of low paste v15c051ty and k

h1gh SOlUblllty Desolvat;ng agents such as sodlum sulphate o

&2

w111 1n1h1b1t swelllng of starch gralns. In fact they are
| used 1n derlvatlzatlons where swelllng and gelatlnlzatlon of
‘.starch granules are not requlred (Leach 1965; Roberts = o

et al 1965) L S
; Excesslve swelllng and solublllty 1n wh1te potato
Lstarch has been attrlbuted to. the presence of 1on1zed
‘ester51f1ed phosphate groups whlch repel each other asba'
result of llke charge (Leach 1965) |
Naturally occurr1ng fatty ac1ds and added surfactants
'and monoglycer1des 1nteract Wlth starch to‘form clathrates
fresult1ng 1n reduced swell1ng power and solub111ty Starch

S0 affected*ls very re51stant to gelat1n12at1on and has . low

' .
- . Lo t ¥~
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water binding ability (Leach and Schoch, 1961; Gray and
Schoch, 1962; D'Appolonia et al. 1971; Longley .and Miller,
1971; Loqkhu&éen and Blangestijn, 1974; Ohashi et -al. 1979;
h‘Pomeranz,A1980; Chiasi et al. 1982; Hoover and Hadziyev,
1982). |

The size of starch grains also affects their
gelatinizatioﬁ temperature. Sterling (1974; 1?76) and Chung
"and Hadziyev (1980) observed that larger starch granules
gelatinize at lower temperature than smallef ones.

Esterification and etherification of stércheé results
in reduced internal attraction forces of the starch granule.
Consequently, these starcﬁes have high sweiling ability’and
reduced gelatinization temperatures. They also havé higher
éolubility and viscosity. The hﬁgher the degree of
substitution, the greater the egfect (Leach, 1965; Wurzburg
ana Szymanski, 1970) |

Reactions of sodium trimetaphosphate, epichlorhyd;i},
phosphorus oxychloride and several other polyfunctional
compouﬁds, including anhydrides of‘adipic and acetic acids,
react with star;h granules fo prdduce crosé-bonded starches
which resist gelatinization. Crbss-bonding can belcontrolléd
to produce starches of different proﬁerties (Leach, 1965; |
Roberts, 1965; Knightly, 1965, 1967; Osman and ElﬁZabeth;
1967; Wurzburg and Szymanski, 1970).

~ Organic SUbstancés, such as sugar, competing for water

reduce the hydration capaqity and sﬁellinéipower of starch.

u .
They also delay gelatinization (Bean and Osman, 1959).
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' 3‘3;4 Starch ﬁetrogradation
Gluco§e~molécules iﬁ amylosé Eha}ns have three free
'hydfoiyl groups through_which§association by hydrogen
bonding bétweeh neighboring chains can Qccur_(Schoch,A1961;
Py;er, 1979).‘If a hot déluté aqueous solution of amylosé is
‘cooled slowly, the amylose chains‘realign and form a
precipitate: If the sélution is cooled rapidly, the ability

‘of the (amylose chains) to realign completely -is hindered. A

gel is~formed which cons}sts of randomly distributed sacs of
fluidvin alnetwofk ofﬁgéylose chains held togefher through
small micellar regiongiin which only parts of the amylose 2
chains participate,yﬁhe rést remaining as free loops (Meyer,f
.1950; Schoch,v1961)! This physical instability of hydrated
amylose molecules, resqltiné in precipitate and éel
f&g%étion, is known as reyrogadatron (Katz, 1928, 1930;
Schoch 1942,f1961, 1965; Hellman et al. 1954; Collison,
11968; Hellendoorn, 1971; Pyler, 1979).

A cooked paste of starch contains the swollen starch
granulés, amyloéé £eached out of the granules and fragments
of the broken granules.-&etfagradation in this case involves
inﬁermolecular;bonding w;thin.and between the.swéllen starch
-granules, their fragments and tMe free amylose (Meyer, 1942;
1950). | | o

N Rétﬂ!ﬁraaed sbénch'ié crystalline, and has the 'B' type
*X-ray‘diffraction patte:ﬁsf(xa;z_andiltaiiie, 1930; Foster,
1965); It has reduced swellihg pbwef; §olubiiity, water |
.binding caéaéitfi-iodipé@aff%ﬁity and hydro;ygis by acids

&
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ahd enzymes (Volz'and Ranstad, 1952; Sterling, 1957).

. . Y .
Retrograded cereal starches can be completely resolubilized

?hlgh temperatures of about 125°C (Bechtel et al.
e waxy starches can be resolubilized at lower
vfres of 50-100°C (Osman and Cummisford, 1959;
w71965- Pyler, 1977). |
_fAccordzng to Katz (1928) and Sterling (1960), maximum
?;ogradatlon occurs at -2°C, whlle the minimum rate is at
L;below -20°C; and at or above 60°C. 0dd cases have been
.fported where the retrogadation rates at,37,ahdi62°c were
';e same (Lampitt &t al. 1948), while the rate at 70°C was
feater than at room temperature (Sterlfng,'1960). Kalb and
irIing-z1961)'observed tﬁat the retrogradation~rate was

"reddced if the starch was originally gelatinized at a higher

w'§trogradation of starch ﬁa strohgly7accelerated by
‘~i¢a“ér eoncentration of«amyloée and low molecular weight.
Tae shorter the length of the ahylose‘chaina, the higher the
‘starch retrogradation rate (Lampitt et'al. 1948;'ﬁhi§tler
and Johnson, 1948; Lansky et az 1949; Radley, 1953; Loewus = .
and Briggs, 1957; Schoch, 1965 Wh1st1er 1965). o | éé
Furthermore, Lampltt et al (1948) and Pyler (1979) reported
that chaln un1form1ty played an 1mportant role in.
“accelerating the rate of retrogradatlon.,Several researchers
have teported on the infuente of pH Retrogradatlon 1s ]1
favored by adjustlng pH to 5.0 before gelatlnrfatfon (Hollo, :

1960; Kalb and.Ste;llng,'1961) and to 1.3- 2 2. after



. ‘retrogradatlon 1s progre551vely ;ncreased by anions I-,_Br ,

‘*f1963) Greenwood and Hourston (T967) reported that starch

,”E der1Vatlzat10n through ester1f1dat10n and ether1flcat10n 'Q

30

gelatinization (Schoch, 1941; Kalb and Sterling, 1961) .
‘Pyler (1979) reported a pH of 7 to favor retrogradation.
"most, while Foster (1965).reported that;the.retrogradation H
rate was faster.at pH 6.5‘than at pH 4,’%gefa it_was“alnost
noa\ex1stent ‘.“ | | o ; _ | |
Accordlng to Hellendoorn (1971) the rate of |
_ retrogradatlon 1n mashed potato products 1ncreased as the
moisture content‘decreased to a maxlmum at 30% moxsture.‘
Duckworth and Smith (1963) found that the absolute m1n1mum
rate for retrogradatlon ex1sted at monomolecular layer
. & ’
~ moisture content. o o
| ' The. presence of monovalenﬂ anlons and cat;ons,
3 espec1ally 1odlde and pota551um, retard the rate of N
‘retrogradatlon, wh1le polyvalent an1ons and catlons
.accelerate 1t (Loewus and Brlggs, 1957) Clasco andv
"fFernandes (1979) have reported that the rate of

| w.Cl-~ andAF 1'wh11e s1m11ar 1ncreases for catlons are in the_u__»if

soeyle
LW .
R

:order of K‘ ”Lb and Na

Formatlon of clathrages due to 1nteract1on of starchm
‘ o . ': A '\("g," b Lo ». T :
.wlth fatty ac1ds and surfactants reduces starch 3i3 j

'l

§ .

funtroduced substrgyes an the starch granule, maklng 1t- :;” e

-
'

Edlff1cult for the amylose and the%free end chalns of

N Y

'ﬂlfamylopectln to reallgn and retrognadeﬁhMcIver ef al (]568}
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reported that retrogradation rate decreased.as a function of
time. Their findings wereiconfirmed'by Brennan and
Sodah-Ayenor (1973) and Knightly (1977). It_has been

.observed that starch gels contract and exude water as‘the\'

amylose molecules align and associate:during‘retrogradation.__-'

~ The gels become opaqué as they age.

f3 3 5 Starch Complex1ng WIth Monoglycer1des

1‘ Knowledge of the nature of monoglycerldes is necessary
in understanding thelr reactlons wlth starch,
A monoolyceride is an ester of one fatty acid with
glycerol ESterification'to-any of the end‘carbons produces"
(3) a monoglycerldes wh1le esterlflcatlon on the central

‘&
carbon always produces B-monoglycerides. (Doerfert, 1968

E

3

nyler 1979).

The fatty acid chain is llpoph1l1c ‘and ‘is ea51ly
.dlspersed in 0ils and fats, whlle the glycerol group 1s
/2hydroph111c, hence 1s easuly dlspersedvan yater.fvf'
Consequently, monoglycer1des possess a |
hydrophilic —llpoph111c character,vwhlch is however, not
--evenly balanced because of the nature of- the fatty ac1d and‘ :

Lo Q‘ .

v, g
glycerol (Gr1ff1n, 1949 Krog, 198%)

The hydroph1le - l1poph11e baT%nce (HLB): represents thef.;"

“ratio of size and stren th of the pola (hydrOph111c) to
, 9

»-, nonpolar (llpophllch groups. It is expressed on a numerlcalf:

~ scale on: whlch the monoglycerlde becomes more 11poph111c the"

smaller below 9 its HLB becomes and more hydroph111c as 1ts g.'

[

iz_' N
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HLB grows bigger than 11.0 (Griffin, 1949). Commercial
monoglycerldes have an HLB of 2.8-3.5 (MacDonald, 1964).
This low HLB renders them excellent in softenlng bread and
hence retarding the staling process (Knightly, 1968). They
are however not good dough strengtheners because of the low
HLB (Del Vecchio,.1975). Special monoglycerides with
increased HLF have been made by introduction of organic
acids such as lactic, tartaric, suc;inic ahd fumaric into
their structure through ethbxyiation and hydroxylation
(pitt, 1971). |

Monoglyceride molecules arrange themseives into

crystals with the terminal methyl group of the fatty acids

*on the surface and the glycerol groups at the center. They

.are said to be in their B-crystallinity form (Birnbaum,
1971). 1f a monoglyceride in its B-crystallinity form is
heated near its melting ﬁoint in aqueous medium with
appropriate pH:and then allowed to cool down to room
temperature, the hydrated monoglyceride molecules reverse
their orientation:ﬂthe polar glycerol groups are on the
surface and fatty acids chains in the centre of the crystal.
The monoglycerides are in.their a-crystallinity form when
they)assume‘this orientation (Wren, 1968; Krog anvaensen,
1970; Langendijk and Penning, 1970; Lankhuysen and
Blankestijn, 1974, f976- Hoover and Had&iyev, 1982). The use
of o« and B-in the structure of monoglycerlde molecules is

therefore different from their meaning when used in

‘describing monoglyceride crystals.

7
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Commercial monoglycerides are manufactured by direct
.esterification of fatty acids, interesterification, or
glycerolysis of fats at 200°C in an excess of glycerol and
in the presence of an alkaline catalyst (Pyler, 1974).‘
Glycerélysis of fats is more commonly used for ﬁanufacture
of food grade monoglycerides (MacDonald, 1974; Lauridsen,
1976). The alkali is neutralized, while the excess glycerol
is removed by vacuum (Pitt, 1977). The process gives about
50% monoglycerides; which are concentrated to 90-95% by
molecular distillation under high vacuum (Birnbaum,“1965)f
At least 90% of the concentrate consists of a-monoglycerides
(Brokaw et al. 1955).

Several factors affect the reaction between starch and
monoglycerides. They include typé of monoglyceride and its
physical state, type of starch and its amylosé content, and
temperature.

According to Krog (1981) and Hoover and Hadziyev
(1982), the length and unsaturation of the fatty acid chain
significantly'affects the ability of a monoglyceride to
,combinemwith starch, Previously, it;hadlbeen found that
ngyceryl—monopalmitate was more reactive with starch than
-monomyristate, -monolaurate, -monostearate, e
-monoarachidate, -monooleate, and -monolinoleate (Lagendijk
and Pennings, 1970). It was also f;und that the amount of
amylose-monoglyceride compléx formed decreased with the
'degree of unsaturation. This was explained by the_féct that

2

a saturated monoglyceride has a straight chain of about 4 A

¢
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outer diameter and fits well into the amylose helix,lwhich
has an inner diameter of about 6 A (Rundle and French,
1943). In comparison, unsaturated monoglycerides have bent
chains due to double or more bonds and, as a result, are not
readily fully accommodated by the amylose helix. In their
work, Lagendijk and Penning (1970) also reported that the
‘quantity of clathrates formed by a monoglyceride was favored
by long fatty acid chains.

From previous wori, Krog”and Jensen (1970) had found ;
that a-crystallinity form monoglycerides Qere more reactive
than the same mbnoglyceride in B-crystallinity form. Their
finding was confirmed by Lagendijk and Penning (1970);
Lonkhuysen and BIénkestijn (1974, 1976) and Hoover and
Hadziyev (1982).

Oéman et al. (1961) reported that wheat starch amylose
bound more monoglyceride per gram than cassava starch
amylose. This was confirmed by Lonkhuysen and Blankestijn °
(1974, 1976), who also reported that, while wheat starch
- bound more monoglycerides at 30°C, gelatinized cassava
starch bouqd more monoglyceride than gelatinized wheat
starch. According to their work, surface area of starch did
not appear to be a significant factor influencing ability of
starch to bind monoglycerides. They were of the opinion that
other structural factors were important. Gelatinized cassava
starch was found to disintegrate to a higher degfeé on
geigiﬁhization'than wheat starch. Exposure ?f mofe'reactive EZ;‘

sites accounted for the ability of gelatinized cassava

.
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starch to bind more monoglycerides than gelatinized wheat
starch (Lonkhuysed and Blankestijn, 1974, 1976).

’ Jongh (1961) observed that a suspension of starch was
flocculated by added monoglycerides. This was confirmed by
Lonkhuysen and Blankestijn (1876). Observations made by
these three researchers as well as those of Krog (1970) and
Lagendijk and Penning (1970), that starch treated with
monoglycerides was firmer and resisted gelatinization more
than starch without monoglycerides, support Schoch (1965)
who indicated that monoglycerides are able to penetrate 1nto
the starch granules and clathrate with dmylose..This
immobilizes the amylose inside the granulés. This .
interaction reduces the hydration capacity of amylose and
the linear end chains of amylopéctin, regulting in reduced
swelling power of the starch. Hoover and Hadziyev (1982),
working with poéato starch, reported that monoglycerides
absorbed by potato starch grains reduded their swelling
power, solubility, rehydration rates, water holding capacity
and iodine affinity.

3.3.6 Starch Affinity for Gluten‘

Starch affinity for gluten refers to the ability of
starch to associate with Qluten in the dough and in the .
crumb. The association 1s pH and heat sensitive. Z

Yoshima and Matsumoto (1966) showed that ‘Wwheat prote1ns
were positively charged and behaved as colloids at pH 5 and

6. Dahle (1971) reported that wheat starch and protein

1
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- ~
associated better in acid to neutral pH and that the

affinity between the two decreased with the iacrease in pH.
He observed that both starch and gluten had negative chargeé

in alkaline pH and this reduced affinity between them due to

5
repulsion.

Bennet and Ewart (1962) showed that the rheological
properties of dough were sensitiQe to pH. They reported that
dough extensibility décreased as pH increasea,vindicating
increased affinity within the system. Hlynka and Chanin
(1957) showed that loaf volume was affected by pH of the
dough. Minimum loaf volume was obtained at pH 7 and maximum
at pH 5.7. Loaf volume decreased at pH 5.3 and 4.7. Takuechi
(1969) and Dahle (1971) reached a similar conclusion that
the association between starch and gluten-in the dough was
due to attraction between oppositely charged colloids within
the system.

Dennett and Sterling (1979) found that there was no

»

affinity between raw gluten and ungelétinized starch. \

Gelatinized starch had, howéver, the highest affinity for \
|
\

raw gluten in a system simulating the early baking stage in\
bread making. The affinity of gelatinizeé starch for gluten \\
dropped by 30;50% when the glutén was denatured in a:syétem
simglating fully baked bfead. This seemed to corroborate

observations made by Dahle (1971) that heated :flour had poor
1 )
bread making properties and decreased. protein solubility.
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~ Dennett and Sterling (1979) also found that the amylose
content of starch had a direct influence on the affinity of
starchlfor gluten. %&nce affinity Egtween starch granules
and gluten is a surf;ce phenomenon, amylose must therefore
be able to modify the sufface of the'granules to enhance the
affinity. Lowry et al. (1951) found that amylose had greéter
affinity for gluten than amylopectin.

Since there is no affinity betweeh ungelatiniied starch
and native gluten (Dénnett and Sterling, 1879), it is
implied that gelatinization and swelling of starch g;anﬁles>
is necessary for the development of affinity fo; gluten.
Swéiling of thé starch grains therefore seems to increase
their porosity, while at the same time exposing a maximum
number of hydrophilic sites for bonding with gluten.

The starch granules swell during gelatinizatioq and
absorb water from the gluten matrix. Hence, the gluten is :
~dehydratéd and denétured during baking. Gluten in this state
has reduced ﬁydrophilicity and therefore reduced affinity
for the gelatinized starch. This has the advantage of |
resulting'iﬁ softer and more flexible crumb. In fact a
.negative correlation between affinity of starch for gluten
and bothlthe'ffactional volume changes and firﬁness has been
observed (Dennett and Sterling, 1979). High starch affinity
for glﬁten invthe early baking stage plays an important role '
of ensdring optimal associationbbetween sta;cﬂ*and protein

hence maximum development of the dough before the protein'is

déhaturéd (Dahle, 1971).
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3.3.7 Role otHStarqhvin>B;ead Making’
Starch constitutes about 65-70% of flour (éoméranz,
1980) and plays'é signifiéant'role in bread making.'lts
‘functions in this process have been outlined by Sandstedt
(1961). It dilutes the wheat protein such that the wheat
flour. is of good consistency for bak;;g. Some of the starch
granules gg£ damaged during milling. A low level of starch
damage is acceptable (Tippies, 1969) as it provides an
gasily available substrate for enzymatic activity.to produce
sugars used by the yeast during dough mixing -and
fefmentation. Too much starch damage destroys both the
baking quality Qf'the starch and its products (;lsberg and
Griffing, 1925). Damégéd starch granules absorb water and
swéll excessively during dough mixing and fermentation
~(Sandstédt, 1955), being completely hydrolysed by the
combined acfion of « and B amylases. Intact starch granules
are rgSi&&ant to B amylase activigx (Sandstedt -et al. 1960) .
and are only slowly attacked by a« amylase (Sandstedt and
Cafes, 1954), | |
Starch provides an active éurface for gluten to adhere

go during bread making operations. bough':heological and
cruﬁb properties are significantly influenced by this |
associatidﬁ*%@akuechi, 1969; Dahle, 1971; Dennett and
Sterling, 1979). l ”

| Staréh granules orientate themselves in the protein

matrix lining the gas-cell walls (MacMasters, 1961). As the

starch granules gelatinize during baking, they swell, but do
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not disintegrate due to limited water availability (Farrand,
1972). Limited water absorption rehders them flexible, which
in turn extends the elasticity of the gas-cell walls in the
érumb. They absorb water from the gluten matrix}in which
they are embedded and cause it to set, hence providing
suppOrt‘for the §hole crumb,structure.

The functiénality of starch in baking thus depends.on
its gelatinization in a protern matrix to form porous and
elastic crumb. Factors affecting starch’ gelatlnlzatlon will
therefore affect its function in bread making. In addition -
to those already mentiored above, a few more merit to be
mentioned. o \  A

Small size starch grains.ﬂave higher gelatinization
temperature and hydration capacities (Kulp, 1973; Dennett
and Sterling, 1979). An inverse relationship between loaf
volume and size of starch granulés has been reported (?onte
et al. 1963). Starches high in amylose content are more
resistant to gelatinization (Medcalf, 1968; Kulp, 1973).
Yasanuga et al. ({968) foUndvthat time-temperature
relationship were important in. influencing starch
gelatinization. Furtésgmzre different starches respond

somewhat d1fferently (sa dstedt, 1961). Harr1s and Slbbit~\

(1941, 1942) found that starches from dlfferent wheats N
. S
differed in their baking trials with glUten'*TRiiﬂ// ?“ﬁ //

observation was conflrmed by Hoseney et al. (1977).
Additives such as sugar (Leach, 1965) and monoglycerldes

(Yasanuga, 1968) reduce starch swelling capacity by .



compépiné'for water of affecting the ability of starch to
absorb water. *

Firming of bread is due to starch retrogradation. This
is an-undééﬁrabléibehavior'since it results in staling of

the bread.

3.3.8 Gluten
- ‘

Gluten is the main wheat protein deposited in the
kernel endpspefm. It forms the érotein'matrix in which the
starchségranules are embedded (Bradbury et al. 1956;
MacMasters et al. 19%1).’On milling, the éndosperm is
separated from the bran, followed by reduction to flour. The
flour contains from 11-15% protein(Tipples,-1969), of which
gluten is 85% and nonglﬁéen pfoteins 15% (Pomerané, 1980).
Gluten may then be isolated from the flour ﬁsingneither the
Martin or Batter process?s (Knightiy; 1965, 1967). The

extract consists of 75-80% gluten, 5-15% residue starch,

5-10% lipids and a small amount of minerals ( Pyler, 1979).

3.3.9 Composition and Behavior of Gluten
Based on.solubiiity in different solvents, gluten has A
/‘
been separated into its components by Osborne (1907). They

consist of gliadin and glutenin, which account for the
properties of gluten. These two constitute 85% of all the
protein in wheat flour. The nqhgluteﬁ-forming protein

fraction consists of albumins, globulins, peptides, amino.

acids and flour enzymes, These proteins are soluble in water
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or dilute salt solutions, and foam and~coagu13§e rgla;ively
easily (Holme, 1966). The presence of a large»numbef of
aliphatic and'aroﬁatic groups- in the nonpolar side chains
results in their observed hydrophobic bonding in agueous
medium.

fhe polypeptide chains in gliadin énd glutenin e
- bound together by disulfide bonds. In gliadin, they are

¢

imainly intramolecular, connecting parts of the same

o polypetide chain into folds; while -in glutenin, most occur

.bgtween polypeptide chains, resulting in large molecular
"éégregétes._This difference is due to the amino acid .//)
Séduences in gliadin and glutenin (Pence and Nimmo, 1964).

.;liAbout one third of protein exists in aggregates which

"cahnotfbé extracted by diluté acetic acidthecham et al.
 ,171962;'Séckinggr and Wolf, 1970). Dough mixing or addition to
‘ iﬁ‘ofcreducing agents, such as glutathione and cysteine, |
‘ Vcieavgg the disulfide bonds and disaggregates the protein
» 919bn1esiinto'smalle: units which are more easily ektracted
(éﬁén} 19707 . Inﬁaddition, mixing straightens them out into
'7‘_gﬁains.'Dié§§gregation of globular proteins in flour is,
/thergfore;ca prerequisite to the formation of gluten films
_and m;;rix in the dough. Disaggregation involves mainly the

SCiSSibn‘of inter—chain,disulfide groups and is related to

the sulfhydryl-disulfide interéhange reactions during dough
- ’ ’ '

mixing.
’ R
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Sulfhydryl (- SH) groups were first reported by Sullivan
ef al. (1936) Sulfhydryl groups contalned in Fhe amino acid
cysteine play a role in dough development by formation of .
disylfide bonds (-SSff_through the oxidising ac%ivity-of:
flour oxiaants such as iodate a;d bromate. Croselinks are
made if the -SH groups from different polypeptides are’
oxidised. The dough becomes mo:e rigid as the netwaiklef
cross-bonded polypeptides forms (Sokol and Mecham 1960) .
Compounds that react .with sulfhydryl grogps for example
iodoacetamide suppress disulfide bonds formation resulting
in reduced dough resistence to mixing an% accelerated
breakdown (Binger, 1965). Such treatment inactivates
oxidising agents in the dough. As Q%éy aregmiXed in air,
stable‘doughs lose their sulfhydryl groups faster compared
to weaker ones (Sokol et al. 1960).

Gliadin is soluble in 70% alcohol and has a molecular
weight of 25,000—100,000. It is extensible with low
elasticity when hydrated and forms a visceus fluid mass. It
is soluble iﬁ acids and bases. |

Glutenin is dispersible in dilute alkalihe solutions.
It has a high molecular weight of over 100, 000. It is
elastic, but has low exten51b111ty and hence forms a tough
rubbery mass when hydrated. It complexes readily with
lipids. |

MacDonald and Gilles (1967{ reported that gliadin and
glutenin qpnfain high levels gf glutaTic acid and |

£

‘appreciably‘high amounts of#proline. Helical formations in

»
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gluten protein molecules were found to be much limited as

compared to other proteins due to the presence of proline = -

which introduces a bend in the amino acid chalns The
cohe51veness and elastlc characterlstxcs of the gluten were
ascribed to the presence of a high level of glutamic acid
(Dimler, 1963). Low solubility for gliadin and glutenin is
accounted for by their deficiency in basic and acidic groups
responsible for solubilization of most proteins. |
The cSncentration‘of sulfhydryl and disulfide groups in
flour is very'low Bloksma (1964) reported qnly one
mlcromole of sulfhydryl and 10 of disulfide bonds per gram
of flour. In spite of their low concentration, only a
fraction of sulfhydryl groups is available for oxidation
during dough m1x1ng (Bushuk, 1961). h similar condition
exlsts for the disulfide bonds, for which intra- and
intermolecular bonds are 1mportant. Intermolecular —SS*
bonds have been found to be the more reactlve and hence play
a 51gn1f1cant role in influencing dough rheologlcal
propertles. As the dough is mlxed some of the, dtsulflde

- bonds are broken, but getreformed by 1nteract1hg with the

-sulfhydryl groups w1th1n or between protein molecules.,

Straln is thus reduced between. proteln fragments and as a

result, dough breakdown is delayed as mixing procedes
(Goldstein, 1957) Furthermore, sulfhydryl d1sulf1de
interchanges during mixlng of dough generate sulfhydryl

groups whlch may be oxidised or part1c1pate in further

%change reactions. As such, sulfhydryl groups are never

. S /
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used up, but keep on be1ng regenerated Hence very few

'sulfhydryl groups can produce exten51ve changes 1n dough

consistency.

3 3 10 Rol: Played by Gluten in Bread Makxng
" When ater is added to wheat flour, the protelns
gl1ad1n and glutenln become hydrated and form gluten on’

mixing (Jenkrns, 19755 Pyler, 1979 Pomeranz, 1980)

’Hydrated well- m1xed gluten is a|tenac1ous c01101dal system

It is respon51ble for retalnlng carbon dlox1de in ‘the dough

a-

.durlng fermentatlon That accounts for the super10r1ty of

wheat flour over flour from other cereals or root crops in
proce551ng of leavened products. }”
Gluten forms the background matr1x in Wthh starchlls’
embedded in the dough and bread crumb It is denaSured )
dur1ng baklng to form a re51l1ent 1nterna1 gr1d that
supports the bread structure “The’ amount of water absorbed
by flour during dough preparatlon is a functxon of gluten
guality and quantlty (Bushuk ]975 Jenk1ns, 1975) It is

high for flours conta1n1ng a hlgh percentage and good

<

.quallty gluten. Volume and texture of bread are 51m11arly

functlons of gluten quallty and quantlty (Bushuk

et al. 1968) Flours h1gh in qualltyogluten content are'“krd
better able to wlthstand the deleterlous effects of damaged
starch in the dough and bread (Tlpples,'1969) Dough

propertles are at thelr best when the dough has SUfflClent

gluten of good quallty. The resultlng bread has better shelf
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life and consumer acceptability.

3.3.10.1 Flour Baking Performance

The baking performance of wheat flour is. dependent on

several quallty factors. Investlgat1ons have shown that ‘the <E§

factors are all 1nterdependent. They 1nclude matur1tyyof
the flour since'milling, quantlty and guality of the
gluten, starch content and- degree of its damage durlng
m1111ng, levels of a and B amylases, flour llplds and thex
presence of flour addltlves. ks
Freshly milled flour has been found unsultable for
baking because it imparts a yellow plgment to the bread
The bread 15‘also shrunken in voluie (Jenk1ns, 1975) Color
is due,to the presence of plgments in the fresh flour. |
These get bleached over time by atmospher1c oxldatlon, but
Current practice ut111zes‘bleach1ng agents such as:

chlorine, chlorine dioxide, ammonium chloride, acetone

lafrom fresh flour is due to 1ne1ast1c1ty of proteins 1n

'freshly milled flour. Storage up to about six weeks removes
the lnelast1c1ty Storage 1s av01ded by u51ng flour
maturlng agents. Except for benzoyl peroxxde, the above
named bleaching agents are also flour maturing agents orv
dough 1mprovers. Addltlonal dough 1mprovers c1ted 1ngthe
11terature are ‘ascorbic: ac1d pota551um bromate, ammonlum

persulfate, azod1carbonam1de, 1= cystelne and monoca1c1um

sulfate (Pratt, 1971' Jenk1ns, 1975)
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A good flour for baking absorbs a large optimal
quantity of water and forms a dough that develops in a
reasonable time during which it is stable to mixing (Wehrli
}'and Pomeranz, 1970; Bushuk, 1975; Jenkins, 1975; Pyler,
1979; Pomeranz, 1980). The percent water absqrption of
flour is affected by the quality of protein present in it.
An inverse relationship e;ists.between them. The starch
present also affects the water absorption. Sandstedé (1955)
reported that dry undamaged starch absorption is increased
if the starch is damaged, the increase being proportional
to the degree of starch damage (Tipples, 1969). Excessive
watér absorption due to damaged starch results in sticky
doughs that are difficult to handle. Flours with low
protein content and quality are affected fhost. The excess
water has been found to decrease later during fermantatlon
(Halton, 1961) and in the oven during baklng (Atklnsqn and
Fueher, 1960). |

| The amylase content of flour plays an important role
in dough behavior'and bread quality. Normal wheat flours
have less a«- than B- amylase contents. If flour in made
from spronted wheats, it will contain more a- and 8-
amylases. This is an abnormal situation because it results
in excessive gasing and dextrinization of starch.-Since
cereal a-amylase is still active when starch gelatinizes,
dextrinization of starch during baking has been found to be
proportional to a-amylase present, but not to.starch damage

(Tipples, 1969). The crumb becomes sticky and the loaf.
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tequ to curve in and collapse. In addition, dextrinization
reduces the water binding capacity of starch. Only a
limited degree of dextrinization is bemeficial. ™
Lipid-gluten interaction ifi dough is essential to good
quality in bread. In the dough, the interaction helps to
seal in gas during mixing and fermentation periods. During
baking, the lipids interact with starch and promote
freshness in bread (Hoseney et al.‘l'970). It has been
reported that polar lipids improve the crumb softness
better than nonpolar lipids (Pomeranz et al. 1966; Pomeranz
et al. 1969; Wehrli and Pomeranz, 1969). Flours from which
lipids have been .extracted have insoluble proteins.and
perform badly in baking (Chung et al. 1977). Some limited”

proteolysis to mellow gluten during fermentation is

desirable.

3.3.10.2 Flour Additives in Bread making

The essential components of a bread formula are flour,
water, yeast and salt. In qrder to improve the quality of -
the bread, several other additives have been found
necessary (Pomeranz and Shellenberger, 1971; Tipples, 1975;
Jenkins, 1975; Pyler, 1979).

Fats for baking'may be in the form of lard, regular
shortening and emulsified shortenings. According to Pyler
(1979), fats hav§ a beneficial influence on bread quality,
‘although their contribution to the general characteriétics
of bregd is of limited significance. Fat is totally omitted -
in sponge, cakes, while the level at which it is used in

. £, \\—
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yellow, white and.pound cakes, some cookies and pastries is
donsiderable as it.plays aniamportant role in their
structural development.

Usage of fatiin baking improves the aeration and
handling properties of doughs. Fat gives tenderness to the
product and increases its eating and keeping qualities.
Bread with fat has a fine grain and tender texture.
Stability in cake batters is significantly improved by the
presence of fat. But the level of fat in the dough must.be
controlled up to about 3% since an excess leads to weaker
doughs, reduced fermentation rate, as a result of fat
coaxipg on yeast and yeast food, and creamy crumbs.

Emulsified shortenings increase the water absorption
capacity of the dough. Most of the water is retained during
baking (up to 35%), and results in softer crumbs.
Incorporated monoglycerides interact with étarch to retard
bread staling. Dough {mprovers such as .succinylated
monoglyceride (Meisner, 1969), sodium stearyl fumarate
(Geminder et al. 1965; Brachfeld et al. 1966), tartaric
acid esters of mono and diglycerides (éi:nbaum, 1955) and
acyl lactilates, for example calcium stearoyl-2-lactylate
(Marnett and Tenney, 1961), are used to strengthen the
dough against mechanical breakdown during mixing and
handling. Doﬁgh improvers aléo called dough conditioners,
have a llpophlllc chain that binds amylose and a
negatively- charged moiety that reacts with actlve

p051t1vely—¢harged sites in gluten. The gluten and the

j

o
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starch are bound more closely,ibriﬁging about strength in
the dough as a whole. The grain and texture of the crumb
are improved. Vblume of the bread and its resistance to
staling are increased.

Salt is added in order to improve the ability of
gluten to absorb water. Doughs made without salt are slack
and sticky. These conditions disappear when salt is added
and mixed in well (Jenkins, 1975). Commercial doug;
improvers already mentioned have a similar effect. Salt can
be added up to 3% in order to impart a characteriétic
flavor to bread.

Sugar is added in order to augment the sugars already
in the flbur for yeast nutrition and for color development
during baking. In North America, excess sugar is added
wherever sweet breat¥is preferred. Yeast neéds sugar to
produce carbon dioxide required for leavening the bread.
Yeast food, providing required salts an%initrogen for yeast
cellular development, is added in the form of ammonium
‘'salts, which are provided with starch as a filler. The
| yeast itself is added at a level of about 3% on flour.

Sometimes a flour is deficient in a amylase activity.
In this case bacterial a amylase is added to offically
recommended levels to ensure uniform gassing required for
optimal grain and loaf volume.

Non-fat dry milk addition to flour has the best
benefit in weaker doughs, where it lightens the dough in a

. similar manner as does salt. If used with stronger flours,
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water absorption has to be increased to remove excess dough
tighténing and to obtain better consistency for handling
and fermentation. Proteins from the milk additive increase
the nutritional value of thé bread. Lactose in the milk
additive is not,yeast-fermentable, but contributes to good
crust color development. Addition of milk solids to flour
is particularly beneficial where a long fermentation period
is used and where the flour lacks amylolitic activity.

Eggs are used as additives in special baked products
that fetch a higher price. Egg proteins reinforce flour
proteins and as with the addition of milk solids, will
tighten dough consistency. This:is corrected by adjusting
the water absofption,accordingly. It has beeﬁ reported
(Jenkins, 1975) that egg whites.used instead of additional
gluten produce thin and crisp crust in baked products
without excessive volume changes observed‘when gluten is
added, which agrees with the fact that egg proteins do not
entrap as much gas as gluten.

Enrichment in terms of officially recommended levels
of vitamins and minerals may be included in bread
formulation (Gage,”1978). Mold inhibitors a%e added so as

to delay spoilage of the baked goods.

3.3.10.3 The use of Composite Flours in Bread Making
There is an increasing need for composite flours
because the deménd for bread and other'baked products ba;ed
on wheat flour has risen rather sharply in many areas of

the world, especially in the developing nations, without a

e
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corresponding increase in wheat production in those areas
(Kim and Ruiter, 1969; Seyam and Kggman, 1975; Olatunji and
Akinrele, 1978; Blaise and Okezie, 1980). To reduce
expenditure on importedlwheat grain, utilization of

composite flours that involve local sources of starchy

~flours and oil seed flours high in protein is a reasonable

approach to extend the use of the available wheat.

In compositing the flour, it is necessary to balance
out the nutritional requirements as set by FAO standards
(Seyam and Kidman, 1975). Too much starch and too little

protein is a situation to be avoided (Milner, 1974).

Fortification using locally available protein flours from

"beans, cotton seed, sunflower and others should be

encouraged (MacConnell and Bushﬁk, 1974). Addition of
vitamins and minerals (Gage, 1978) and limiting amino acids
should be considered to give constmmers a more
nﬁtfitionally balanced product. But in order for high
protein bread to have a significant contribution in diets,

it must be visually and organoleptically acceptable,

'*, otherwise fe#WtH buy or consume it (Fleming and Sosulski,

1977).

Research in composite flour technology has
concéhtrated_mainly on the influences of partial
substitution of wheat flour withvpure'staréh, plant prbtein
concentrates, or fléurs high in starch of.plant pfoteQn
content on dough rheologica; properties and bread quality.

Composites with soya bean flour have been investigated by
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‘, Pomeranz(;; al. (1969), Tsen and Tang (1971), and Tsen and
Hoover, 1973. Composites with chick pea flour have been
.studiea byﬁg?ehéta and Fryer (1970), while Hussein et al.
(1974) inveétigated composites of wheat.flour with broad
bean flour. Jeffers et al. (1978) studied composite flours
of fleld‘%ea and wheat flours. Blends of fababean and wheat
flour have been studied by Lowerenz et al. (1979), and navy
"bean and wheat flour Blends by D'Appolonia (19}&(, Fleming
and Sosulski (1977) studies involved the use of composite
flours of defatted soya flour, dehulled and defatted
sunflower flour, fababean and fi%ld pea protein
concentrates. They reporﬁed that acceptable bread could be.
made using 12% sunflower flour or 15% soy, fababean and
field pea‘concentrates. However, they found it necessary to
include in their formu;ations 2% vital glutenaand 1.0-1.5%
dough conditioner to restore the quality of the composite
bread.

"Cassava and yam have been considered potentially
useful in composite flours (Kim and Ruiter, 1969; Pringle
et al. i969; Dendy et al. 1970). Rasper et al. (1974) fqund
cassava starch superior to yam 1n composite flours for
baking. They attributed tshh to the closeness in pastlng
temperature of cassava and wheat starches. The performance
of cassava flour was, however, found 1nfer1or to yam flourii
in composites with wheat flour for baking which led them to |
conclude that other'components in the non-wheat flours had

‘functional properties of significant influence in baking
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qualities of the flours.

D'Appolonia (1977) found that the baking quality of
tuber starches was a function of thelr physxco chemical
properties. Hahn and Rasper (1974) reported that nonstarch
water soluble polysaccharldes from tuber flours 1ncreased
bread volume, whlle the 1nsoluble fractlons had a

deleter1ous effect The presence of f1ber in cassava,flour

was reported as’ respon51ble for poor qual1ty of bread. w1th:q

- cassava flour‘aomp051tes as compared to compos1tes w1$h

pure cassava starch (Hudson and Ogunsua, 1976).
C1acco and D Appolonia (1977) shoved that, although .

yam ‘and’ cassava flours had only 7. 8 and 1.2% proteln
Acompared to 11—15% in wheat they were r1cher in some amlno
ac1ds,,espec1ally ly51ne, hlStldlhe, arglnlne, aspartlc
"c1d thfeonlne,'and alanlne. Yam flour alone was better
than wheat flour in 1ts contents of ser1ne, glycxne,_
vallne, 1soleuc1ner leu51ne and phenylalanlne. But wheat
flour was found to contaln much hlgher levels of glutam1c
ac1d prollne, cystlne and‘tyr051ne. The same 1nvest1gators
reported in 1978 that acceptable bread could be made from
blends of 15% cassava starch" or'ggzn flour Good bread could .
',be obtained from 10% cassava flour in the blend but dough '
handllng problems became l1m1t1ng Good French- type bread - "
was made from blends conta1n1ng 10% yam flour, whlle blends
w1th 5 and 10% cassava starch produced good whlte pan
bread. The 1nternal propert1es of bread conta1n1ng cassava i

starch were 1mproved by addltlon of 0 5% sodlum

a P ) ,"‘ LT B . i
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stearoyl-2-lactylate. They found that blends with cassava
starch were more amenable to continuous processing methods
than blends with yam. They observed that cassava starch

always produced better bread than cassava flour

‘\‘1rrespect1ve of the proce551ng method.

: wheat bread

Ciecco and D Appolonia (1977) found that cassava and
arrowroot starches gelatlnlzed during bak1ng to greater
extents than wheat or yam}starches They concluded that
'pastingitehperature'is an imﬁortant factor for tuber
starches when. used ;n baklng, which corroborated findings
by Anker\and Geddes (1944) and Seyam and Kidman (1975).
Olqtunjl .and Akinrele (1978) studied yam, cocoyams
(taro and tannia), cassava and’breadfrult'floyrs in a
comp051te bread maklng w1th(vheat flour. They concluded
- that 10% subst1tut1on level of ‘wheat flour by any “of the
other flours gave bread acceptably close in quallty to pure
Addltlon ofﬁstarch or non wheat flours to wheat
depresses loaf volume “weakens the dough and results in
harsh crumb texture. eleterlous effects in “the crumb can
'be corrected by proper handllng of the dough and use of
addttlves such as gluten, dough condatloners of hlgh HLB.
and emulslflers that react w1th starch and retard
retrogradatlon6 Rheologlcal changes accompanyfhg part1a1
' substltutlon of wheat flour w1th non wheat flours, starch

_or plant protein concentrates are d}scussed below.
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“‘p 11 Dough Rheological Properties

The rheological properties of a dough refer to its
physico-mechanical characteristics. As a whole, asdough is a
composite system consisting of distinct phases that differ
in their rheological properties (Bloksma, 1971).

The swollen gluten continuous phase is, however,
considered responsible for nearly all the physico—mecganical
properties of a dough during its mixing and development. On
the other hand, starch accounts for about 60% of the volume
fraction of a dough, hence.Hanssen,et al. (1952) and
Sandstedt (1954)’nave stated that, due to the high
concentration of starch in the dough, rheoiogieal properties
are more’likely influenced by the interaction between starch

and gluten, but not gluten alone. In fact the presence of

starch makes the dough system more rigid.

Dough rheological properties are important in the

baking industry as they significantly influence thepauality

of bread and other beked products (Bloksma, 1971). As dough
is mixed, air -is trepped'in its protein continuous phase

(Baker and Mize, 1946) The dough becomes coherent and

beglns to withdraw from the mixing equ1pment as it develops

‘ Development is complete when the dough is fully elastic and

is smooth and dry to the touch (Bushuk et al. 1968) . Further
m1x1ng beyond this stage results in ‘dough breakdown, which (
is shown by(§§adual loss- in elast1c1ty accompan1ed by an‘

ough exten51b111ty, st1ck1ness and f1u1d£%y. .

A 4

in®rease in

t o
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Doughs of flours from different sources or of different
blends respond differently to mixing. Their mixing o
cha;acteristic are affected by additives such,és salt,
oxidising and reducing agents (Bushuk and Hlynka, i961),
monoglycerides and dough conditioners (Pyler 1979).

‘ In conventional dough mixing, additional de&elopment of
the protein structure is afforded by ferﬁentation, punch@ng
and moiding. Gluten lamellae are formed between gas-cells by
the stretching and folding operations. The starch granules
are entrapped in the gluten lamellae around the gas-cells‘
(Burhans and Clapp, 1942). These operations are less
important in mechanical dough development where the gluten®
is already highly developed by mechanical action at the end
of the mixing operatioﬁ. .

Dough rheological properties can be followed and
measured by the Brabender farinograph (Locken et al. 1960),‘
the Swanson and wO;king mixogréph, and other mixer-recorders
(Swanson and wOfting, 1933; Lamour and Working, 1939;
Johnson -et al. 1946; Voisey et al. 1963, 1966; Shuey and
Gilles, 1966). S

Dough eitensibility, strength~and resistance to
extension can be measured by the Brabender extensigraph
(Halton, 1949); the Chopin exténsigraph [élveograph]‘

g (Chopin, 1957; Bennett et al. 1956; Maesland Pirotte, 1956);

or the Halton extensigraph [research extensometer] (Halton,
. . ~

?

1949) .
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The research extensoheter-is similar to the Brabender
extensigraph._One advantage the Brabender extensigraph has
ober the“Chopiﬁ_exrensigraph is that it can show the effects
of added dough improvers, which the Chopin extensigraph and
the Brandender~fqrinograph can hardly do.

The rheograph graphically records the rheological
changes occurring in dough as it is subjected to mechanical
develcpment. Doughs of 700 g are mixed until the fatigue
point in reached. The time required to reach the fatjgue
point\iﬁ‘characteristic of a flour and is influenced py such
factors as gluten content and stre;gth, milling, and dough
ingredients (Pyler 1979). The Patterson mixatron can be used
to electronzcally measure the 1nstantaneous consistency of-
the dough durlng mixlng and the m1x1ng time (Selman, 1949

4

Pyler, 1979). : o - >

‘The Brabender farincgraph is the most\commonly used
instrument in the deQerminaticn of the rheological .
properties of dcugh. It involve;frapid addition.oﬁ‘water”to
aﬁd mixing of fiour of 14% mdéggure basis at a constant |
' temperature and speed with a céir cf z-shaped mixers in'rhe-'
mixing chamber of the instrument. The cdnsistehcy of the
‘dough in Brabender UnltS (BU) is recorded aga1nst t1me.

The curve (farlnogram) just straddllng the 500 BU l1ne

-

represents dough with max imum conslstency The water

absorbed to effect this con51stency is read off as percent

water absorptlon, which is characteristic of a partlcular
flour. Other rheolog1cal propertles provided by the

-

i



- 4¥

4 ) _ ) o0

farinogram are dough arrival and development times, dough
stability, mixing tolerance, and degree of breakdown after
20 min. of mixing (Pyler, 1979).

The Brabender extensigraph is used in measuring dough
exten51b111ty, resistance to 'extension and  strength
(Bloksma, 1971; Pyler, 1979). A sample of 150 g of dough
prepared in the Brabender farinograph is scaled-off, molded,
and fermented for 45 m{o. The dough is clamped and a hook
stretched downwards throogh it unpil it snaps. The force
exerted ie transmitted through an arm to the stylus and is

recorded on a chart. The dough is feshaped and the process

" repeated twice after 45 and 90 min. fermentation time to

" simulate the fermentation period and dough punching.

The vertical axis of the chart represents.force in

Brabender units, while the horizontal axis repq‘fents the

extensibility in mm. The height of the furve at 50 mm from
the start of stretching represents the resistance to
exfension;

Maximum resistance is taken at the peak of the curve..

The area under the .curve represents both the total force

- used in stretching the dough and the strength of the dough.

Good doughs show good re51stance to extension. They also

“have good exten51b111ty (Harrls, 1943; Pyler, 1979).

maximum gas retention of a particular dough, some extensi-

,'bil}ty/resistancedratio exists which is represented by a

particular extensigram. Oxidation decreases extensibility,
hence increases the ratio (Bloksma, 1971). }

£
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Rheological studies on composite flours have shown that.

. water absorption, mixjhg tolerance index in BU, and

resistance to extension of a dough increase as the level of
substitution of the wheat rour‘by the non-wheat flour,
starch or grotein concentrate increases (Seyam ‘and Kidman, -
1975; Olatﬁnji and Akinrele, 1978; Sathe et al. 1981).

| Ciacco and D‘Appoldnia (J977).(howeve;, found that,
wheteas substitution of wheat flour Qith arrowroot and
cassava starches raised the mixing tolerancea@hdex,
substitution with yam reduced it. Lorenz (1978), Uaing
unshelled sunflower meal flour, observed a drop in water
absorption in the blends w1th wheat flour, yet Flemmlng and‘
Sosulski (1977) obse;;;d\an increase in water abaorptlon by.‘
u51ng dehulled and defatted sunflower flour. |

Partlal suh}tltutlon of wheat flour has been ‘reported

to'reduce‘dopgh development t1mes and stab;l{ty}(Seyam and
Kidman, 1975; Ciacco and DﬂAEpolonia,1ij>, 1978;'Olathnji‘
ahd Akinrele, 1338; Lorena, 1978; Lorenz et af. 1979'
D'Appolonia and}hacArthur, 1979; Sathe et afi 1981). LoreQz-x'
et al. (1979), howeﬁ;r, noted that SUbStltUtIOn w1th |
fahabean fYour to avlgvel be!gnd ?% resulted in xncreaaed "
arrival t: és.'A sfmilaf‘observatiof.was hade.with . |

, "

subst1tut1on w1th fababean prote1n concentrate.j -
Clacco and D' Appd)on1a (1977) observed that blend1ng
wheat flour w1th yam- starch ra1sed peak t1me and stablllty

of the dough Arrowroot and cassava starches had the

'opp051te effect. Ciacco and D'Appolonia (1978) also ohservéd“

r
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that arfival éndvdough developmgnt  times rose if cassava
flour was used for Substititution, but not in the case of
the starch.

Using yam flour for the substitution at 10% and above
reduced arrival times, while dough development time did not
~start to fall until 15% or more substitution level.
Stabilitf of the dough varied with level of substitition. It
rose above the control at 5%, was equal to‘hhe control at
15%, but dropped at 20%¢ substitution levels with Yam flour.

“According to the same investigators, addition of 0.5%
sodium steaoryl-2-lactylate decreased the water absorption
at all levels, 1nclud1ng the control. Arrival and dough-
development times 1ncreased in the control, bqudropp;d in
thé case of cassava flour and starch. For yam flour, a
decrease in the same propefties was obeerved at and above a
15% level of substitution. |
3. 4 bough and Crumb Hydrat1 n Capac1t1es
N Hydration capac1ty of a dough or bread crumb is defined
as the water uptake per gram of dry matter (Yasunaga et al .
1968; Dennett and Sterllng, 1979). The dlfference between
dough and crumb hydration capac1t1es represents hydration
due to gelat1n1zatlon (Dennett and Sterling, 1979).

_.Yasanuga et al. (1968) found that the hydratlon
capac1ty of bread crumb. 1s influenced by several factors?

Dough moisture content, time,-and temperature of baking were

found to have direct influence on the degree of

-



gelatinization and, consequently, the crumb hydration
capac1ty The staling of bread decreased the crumb hydration
capacity. The presence of monoglycerldes and shortening
reduced the rate of decrease in the hydration capacity of
the crumb during storage time. Physical damage to starch
granules increased crumb hydration capacity. A similar
observation was made when malt was added to the baking
formula.
. ™

& Dennett and Sterling (1979) examined the hydration:.
capacities of dough and crumbs made from composites of 85%
starch and 15% vital gluten in a formula containing 4.0%
sugar, 1.5% salt, and 3.0% yeast. They found that dough from
amylpmaize, potato, wheat, maize, tapioca, rice, and amioca
starch/gluten composites had hydration capacities
corresponding to 1.2, 1.1, 0.9, 0.8, 0.8, 0.8, and 1.1
g water/g>dry matter. Similarly, the respective bread crumbs
had hydration capacities of 2.2, 3.3, 2.9, 3.1, 5.4, 4.8,
and 4.3 g water/g dry matter. v

Further studies indicated that there was a

statistically significant negative correlation between
amylose content and crumb hydration capacity. A-significant
positive correlation was found between soiﬁble amylose
content and crumb hydration capacity.

~

‘A ] -
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3.5 Dough and Crumb Microstructure

The structure of the dough developed during mixing,
fermentation, punching and proofing is maintained in the
crumb a%ter baking.

The dough is not homogeneous in its microstructure.
Unleavened dough consists of protein, starch, and gas-cells,
while leavened dough has yeast-cells in addition.

The development of the dough depends on optimal;
hydration, optimal mixing and stretching of gluten, -and the
presence or absence of oxidising and reduﬁing agents (Evans
et al. 1981) Hydrated gluten\?orms a conpinuous phase “
consisting of a network of thin protein ‘films between:
gas-cells. The starch granules are embedded in the gluten
films and line the gas-cell walls (Burhans and Clapp, 1942;
Baker and Mize 1946; Sandstedt et al. 1954; Hanssen, 1957).

The protein network of developed gluten is
interconnected with hydrogen and occasional disulfide bonds
which confer to it viscoelastic properties. The resilience
of the structure as a whole depends on the number and
strength of the bonds. Eléctrostatic bonds, Van der Waalls
fdrces, and protein chain gntanglements are also tﬁought to
contribute to the strength of the whole system (Bloksma,
1971). If the gluten is overmixed, the protein films rupture
and become filamenﬁed (Grosskreuéz, 1961),

Flour lipids and added shortenings do not occur as
distinct phases within the dough, but as films on the starch

granule surfaces (Barhans and Clapp, 1942), Pomeranz, (1973)
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indicated that lipids interact mainly with gluten in the
dough and mainly with starch during baking as the crumb 1is
forming thus accounting for the freshness of bread. ¢

Studies by Grosskreutz (1961) of hydrated gluten
structure led him to postulate that developed gluten consist
of 2-5% lipoprotein and that the proteins in the hydrated
gluten consists of folded polypeptide chains in the o- helix
conformation arranged in‘plateletes of about 70 A thickness.
These orientate themselves in bimolecular leaflets bound to
the outer surfaces of bimolecular phospholipid films through
salt linkages between the acidic groups in the phospholipids'
and basic sites on the proteins.

Horseney et al. (1970) reached ﬁhe conclusion that
- gliadin and glutenin, the main components of gluten, are
bound to each other through glycolipid membranes, witgAthe
free polar lipids connected to the gliadin through
hydrophilic bonds.

Wehrli and Pomeranz (1970) supported the conclusion of
Horseney et al. (1970) by reporting that infrared
: spectrosc0py had demonstrated the_;xisﬁence of hydrogen’ »
bonds between glycolipids and gelatinized starch or
glycolipids and gluten components. Similarly, Van der Waél's g
forces were reported between glycolipids and‘gluten -
compoﬂents. Nuclear magnetic resonance spectfa were reported
by the same investigators to hav; indicated hydrophgbic
bbnaing betwe%n glutenin and the glycolipids. A‘conélusion

was made that binding of polar lipids to both gliadin and
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glutenin played’a tole iq"perfecting the ability of gluten
to retain gas in the dough. |

Flemming and Sosulski (1979), in their studies on the

¢

effect of concen£rated plant proteins on bread crumb
microstructure, observed that foreign proteins dfsrupted the
well-defined protein-starch complex as seen in the pure
;heat flour Sread. The supplemented bread crumbs had thick
cell walls with small pores scattered in them. These pores
cou{@ have accounted.for loss of éas$from the supplemented
breads, which had reduced loaf volumes, compact or coarse

crumb grains and firm textures.

3.6 Bread Staling 7
Bread staling refers to all the physico-chemical

changes that occur in bread after baking. It has been then
subject of many reviews (Herz, 1965; Waldt, 1968; Elton,<
1969; Zobel, 1973; Willhoft,1971, 1973; Maga, 1975; Kim and
D'Appolonia, 1977; Knightlyly, 1977; D'Appolonia and ﬁorad,
1981; Roewe et akr 1982). |

. Changes in b;ead caused by staling are undesirable. The
brgad cruéb becomes firm during storage. The fresh bread
crust, which ié normally dry, crispy,and brittle, becomes
éoft and leathery. The bread loses its fresh pleasant éroma
and develops a faintly bitter taste, especially iﬁ,the crusf

(pyler, 1979).



Staling of bread was first associated with starch

retrogradation by Lindet (1902). Katz %lQ 8) reported that

bread with sufficient moisture staled as/a function of

temperature. He observed that bread remained fresh at 60°C
. o

or higher temperatures, as was observed ,éarlier by

Boussingault (1852) Bechtel et al. (1953) and von Bibra

(1961), who observed that at least 30% moisture in the breadg
B

was necessary fof this to occur. The bread became
progressively more stale with decrease in temperature to the
freezing temperature of bread (about 6.7°C) (Pence et al.
1956). Bread stored at -10°C or lower remained fresh. Xgray
diffraction angdysis showed fresh bread to have the 'V’
pattern typical of amorphous starch, whlle stale bread had
the 'B' pattern typical of crystalllne starch These
observations were confirmed by other researchers (Prentlce
et al. 1954; Bechtel, 1959; Zobel and Sent1,51959).

: Schoch ano French (1945) established that staling'of
bread was due to gradual ago spontaneous aggregatlon of the
free 11near ‘chains of amylopggfln. This formed crystalllﬁe
structures throughout the crumb, but they could be’
dissociated by heating at'50‘60°C} as opposed to higher
| temperatures of about 125 C requ1red for breaklng 51m1lar,

but stronger assoc1atlpn 1nvolV1ng amylose. Tn a follow up,

Schoch (1965) explalned that dur1ng baklng amquﬁﬁ d1ffuses

out of the starch granules 1nto the 1ntn

between starch granules‘w1th1n the cru

chains»associate so fast that they,are‘already retrograded



by the time the bread is cooled Further retrogradation
would therefore be due to amylopectin within the starch
granules. Pomeranz (1980) confirmed Schoch's work by

reporting that staling was due to both amylose a8

amylopectih in the first day after baking, thereafter beingﬁﬂ
influenced only by amylopectin. Mclver et al. (1968), using
differential»scanning calorimetry, also confirmed that
amylopectin was more responsible for bread Staling than
amylose.

Cornford et al. (1964) used the Avrami equation to
study and relate bread crumb firming to crumb elastic
modulus, time , and various temperatures above the freezing
. point of bread; It was ohserved that the extent of
crystallizaé%hn could be measured by the increase 'E' in the
crumb elastlc modulus relat1ve to its limiting or the final
value 'E,', durlng storage time. For a linear relatlonshlp,
the uncrystallized fraction 6 after a time‘of storage 't'
could be quantified by 6=(E,-E,)/(E -Eo) where 'E,’ is the
intial modulus. This function was found to follou the
equation f=exp(-kt") in which 'k' is a constant | //
characteristic of crystal growth, while 'n' is an integer
(1-4) designating the mode of nucleation. They showed that
above the freezing temperature‘of bread, the relative'rate
of modulus increase become greater with decreasing
temberatures Coucommitant decreases in the time constant

(time required for a given fraction of the crumb to become

stale) were also observed. It was concluded that f1rm1ng in
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bread crumb as it stales is a physicalxprocess'involving
_ ordered arrangement of atoms or molecules as occurs in
acrystalllzatlon The- process was attrlbuted to
crystallization of starch as it retrogrades. Similar
observatjéns were made in later studles by Cornford et al.
(1964); Axford;er.alr (1968); Mclver et al. (1968); Colwell
et al. (1969), and Kim and D'Appolonia (1977). Their work
gives firm support to observarions repdrted ancve after
Schoch and French ({945)'and Schoch (1965). f
According to Willhoft (1971, 1923)‘denatufation'of -

gluten durlng baklng causes structural changes, reducing the
ab111ty of gluten to b1nd water. There is a trgnsfer of
water from the denatured gluten to the gelatlnlzed starch
during-staling. The softening of starch resulting from such
warer tigansfer is compensated for by fdrming due to
retrogradation. Taylor et al. (1959) "however, reported that
the starch gel lost from 58- 51% of its m01sture soprption-
capacity over seven days storage, while gluten maintained
its capacity. Cornford et al. (1964) also found a negaii&e
temperature coeffiCient‘for bread staling. They‘concluded )
that diffusion of moisture from'g;uten to starch during
staling was not a primary occurrenCe. Tﬁe softening of the
bread crust dur1ng stallng seems to 1nd1cate a dec1s1ve
transfer of moisture from the crumb to the crust.

| Several factors affect the sta11ng of bread Factors
that reduce loaf-specific volume enhance gtallng (Eltoy

ot al. 1969: Axford et al. 1968). Flours high in good



68
quality protein produce bread with‘high specific volume.
Such bread had allower tendency to stale as compared to
_bread made from ﬁlonr'low in quantity and quality of
protein. Chorleywood Process bread was found to stale less

D

‘} than convent10na1 process bread Properly fermented bread
was fopnd to sbale less than over or under fermeﬂted bread
Optlmum hydratlon of thesdough slowed down the rate of
staling in bread (Swertfiguer, 1971).
" Water soluble and water’insoluble pentoéans slow tbe
rate of retrqéradation by a{fecting‘theﬁahylopectin and
:amy}ose frfctionstgf starch, hence reducing the total amount
ofastarch available for retrogradation (Pomeranz, 1980;
D'Appolonia and Morad, 1981)a' o |

The presence of non polar lipids has been found to
reduCedcrumb firming only slightly (Pgmeranz and Chung,
1979,) while free polar lipids were observed to reduce 1t
significantly (Pomeranz, 196§). Surfactants combine with.
Starch‘anéireduce its tendency to‘staie..Monoglycerides,
reduce staling by.penetrating the starch granule and‘
. immobilising in it the the unleached amylose fraction
(Schoch,‘1965).’Se€eral investigators (Hutchinson, 1956;
Platt and PS%ers, 1940; Carlin, 1947) have found thatithe.
presence of shortenlng in bread reduces staling.

Free21ng of bread 1; the most effectlve way of
prolonglng bread storage for any length of time. evelopnent>\'
of bad aroma is the only 11m1t1ng factor (Ba1ley, 1932; .

Cathcard, 1939, Cathcart, 1941; Pence et al._1956). ‘Staling
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.of bread has been investigated using changes in crumb
compressibilicy (Bailey, 1930; Stramb and Hirsch, 1935;
Platt and Powers, 1940; Noznick and Geddes, 1343; Pence
et.al. 1955; Waldt, 1968; Marstdn and Short, 1969; Maleki

et al. 1981; Roewe and Kulp; 1982), Kim and D'Appclonia
(1977) followed retrog&adatlon by measuring the solub111ty,
of starch in the crumb to estimate'the degree of staling.
Crumb x-réy diffraction analysis has also been employed in
the analysis of refrogradation'(Dragsdorf and Marston, |
'1979).'Other‘inyestigétors have used starch suscectibility
toqamylase'attack. Bechtel and.M;isner (1952) used changes
in crumbliness,of the crumb to measure its level of . |

s

retrogpadation.

3.7 Bread Quality E%aluation
The reasons for bread quality enaluation are to access
consumer acceptablllty, routine quallty checks on the |
SUItablllty of raw materlalseised 1n the formulat1ons, and
‘regulation of the productlon process to achleve spec1f1ed
quallty standards in the product. . . , ”
The bread;&s examined for external and 1nternal

oo ﬁz’ g
pr,ﬁrﬁtlesu,The g?ternal propertles of interest :are loaf

f ‘ . vw‘(‘ d

volume, crust color, symmetry of form, character of the

ﬂ“

crust, and break and shred The 1nternal characterlstlcs are

: Py
»

crumb gra1n, crumb color, aroma, taste, mast1cat10n

(chewability), and texgure (yatz, 1960 Pyler, 1979).
. . - . . ‘ . . .
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The characteristics of the bread can be analysed by an{
of the sensory tests (difference analy51s, ‘ranking
d1fference, and preference evaluatlon) cbupled with
statlstlcal analy51s where necessary (Flemlng and Sosulskl,
1977; Sosulsk1 and Flemlng, 1979; Blaise and Okelzle, 1980) .

In the trlangle difference analysis test, panel1sts are
asked to identify the odd sample from a set of three, two of
which are identical. The degre: of difference is then judged
aszextreme, much, moderate or slight.

,Q??

In ranking dlfference test, the characteristic of

-

interest, for example, crumb color, crust color, .crumb gra1n ‘l!“

~or crumb texture,~is examined in different loaves of bread.

The loaves are then ranked according to the panelists’' ,

»,preference based on-the degree of the dlfferences observed.

®
As'regards the preﬁerence test, bread characterlst1cs

are evaluated according to a hedonic scale of numerals. The
level of preference for a characterlstlc is indicated by
numerals selected from the scale of, for example, 1-10,'
Qhe}é 10 is the perfect score and.L;represents a poor score
or.unacceptable quality.(Ciacco and D'Appolonia, 19l7, 13%8;
D'Appolonia and MacArthur, 1979). Investlgators have -
selected scales they £1nd sultable. Olatunji "and Ak1nrele
(1978)<;;ed“axfcale of 1-100 with 81-100 sgores : } . |
representxng acceptable and 56 or below "being unacceptable.
Sosulski and Flemlng (1979) used a 5 po1nt scale to evaluate

flayor, texture and overall acceptab111ty.,

[ 3

i
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Numerical scores from the variouslpanelists are tpen
subjected to statistical analysis of variance and Duncan's
multiple range test (Sokal and Rohlf, 1969; Lamond, 1970).

Acéording to.the American IﬁStitute of Baking the
external bf&éértiés‘of a loéf\aﬁcount for 30% of the tqtal
score, of which.volume is allocated a maximum score of 10
and color of the crust a score of 8. The other external
properties are each assigned a maximum score 6f 3 for the
best quaiity. of ﬁhe 70% scores allocated to the internal a
vpropertiés,‘taste and texture account for 15 scores each for :
the best quality. The rest of thé internal properties é}e
accessed individually on a maximum score of 10 for the
highest quality.“Bread loaves lose scores if specified

‘faults are detected in any of the properties.

4



4. EXPERIMENTAL

4.1 Materials ‘ | ‘ .

Arrowrodt Starch .‘. . g L

" Native arrowroot (Maranta arundinacea) starch was
isolated from the flour of a Renyan cultivar. ‘ » ;
 Cassava Starch

Native cassava (Manihot utilissima) staré* was isolated
from flour of a Kenyan cultiVar and tubers of .a Fijian
cultivar. C6mmercially available (A.E, Staley Manufacturing

LN

Co., Decatur, 1111n01s) taploca starch was.aifg/gged

7

Sweet Potato Starch
‘ _Native sweet potato (Imp@moea batatas) starchfs were
1solated from the tubers of the cultlvars Centengygl Porté
Rico and Georgia Red, ~ ‘
Taro Starch .‘ T . -
Native taro (CO]OCaééé esculenta) starch waauéxttaéted
from tubers of a Jdmaicap'éu;tiQaf.
Yam Starch 7
.Native:yam'(Dioéboreé'cayenansiSO stagc%yasvé;tragte%L o
from tubers of a Jamaican cultivar.“ ‘ ‘ h |
Wheat Floup and Stanch - | .
Wheat flours were obtalned by m1111ng hard red sprlng

(cv.»Neep@wa) and soft whlte spring (cv.]F1elder) Canadian

\‘,wheats. Wheat starch was then isolated from the flours.

<
.
s

\ ',\ . : - -y ’
\ .
v . L
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Vital Wheat Gluten - R
Vital wheat gluten, Whetpro 80 (Industrlal Gra1n
Products Ltd., Montreal), con51st1ng of 80 0% proteln 11. 5%
carbohydrates, 6.5% m01sture, 1.0% fat and 1. 0% ash, was‘
used in composite flours with all starches. |
Yeast | o . e s
Active d;} yeastn(Standard Brandsﬁfanada Ltd ) was
locally obtained. - S | 'n_ _“t" -
.' Sugan and Salt. o | |

}:3";{ T

Commercial food grade sugar and salt were used.
Shortening
Crisco (Procter and GamblenInc.,'Toronto), a . SRR

hydrogenated vegetable 0il shortening consisting of,mono?v"$
and diglycerides, was used. o s IR
. . A ey

Monoglycerides . \ S

<

Types C1s and C,. dlStllled onogl cer1des, at least
nlondgly

90% prepared from hydrogenat@d pglm oil with pa1m1t1c ac1d

enrdchmenty and ‘edible saturated cottonseed o;l were ; . ﬁ\j$s;

obtalned from Vauxhall Foods Ltd., Alberta and Eastman Kodak

4

Co., NY.‘ ) ' ‘
| Photographic Paper' and Dr'y Mounting Tflsue - . "

B .
-

.9’

Photographlc papers and dry mountlng 1ssue wére all

Kodak brand
Cbemlcals \



(502) resxn vere. obtained from Ladd FQSQ‘th Industnzes, ‘ 3§*&

Inc. (Burlington,\cw)‘ut.;fi_ :ﬁt.”_:_;}_,\_‘ f _qﬂi ST :

Dodecenyl succxnxc anhydrxde (npSA) yas obtained from jgfiﬁf
§,  Ernest Fullum, Inc. (Schenectady, Ny) i

Propylene ox1de was obtaxned f:om E‘,tm‘n KOGak Ce
(ROChester, NY) ,‘.:?J.-;'27[7?}tak:ﬂQ/j;=x<;'ua.aﬁf
_ ; |
i Flsher Scxent1{ic Co.i ' .-: F;f‘”"‘;";

"2 Equxpm.nt lﬁ ‘;h-lf‘v ”1E;,_f<5§:§,f §ffg?f f$f
o Precxsxon,b&lances made by Mettef: zuﬁiqh-NCH. were

used in taklng accurate weightstof ch‘mlcals, meples and}

15018t10q2§tep5‘ 8  ?3,x



. ;:.}f - ; "*“'f'af L ,}5‘-"-f'.'" R
SN Cyclone sample m111 (UD Corporat1on Boulder CO) was o
"fvused in prepﬂration of whole wheat flour.‘,'u '!-T . x"
o Buehler laboratory flour m;ll - type MLU—202 (Buehler |
' ;rothers Ltd Engineer1ng Works,‘Uzw11 8w1tzerland) was .‘
'”g.»-used 1n millang tempered wﬁeat grarn\to vhxte stralght grade ”Lf
| ‘1‘ﬂflour.; - 3 a : {uv‘*ﬁﬁ *} ,,u;”;,_, o
}JH? R Camfro type RZR1 64 st1rrer (Camfro Ltd., W1arton,tu_jt
"lOntar1o) and Lo- temptrol water bath (Precxsxon Sc1ent1f1c
. - Co., Ch1cago., IL) were used in the determxnat1on of starch B
‘d swelllng power and\ssl\h111ty | A : | B }. | -
f Control temperature\\ater bath wzth Therm1x 1441
rl“‘st1rrer (Braun Melsungen Ag, W ‘Germany) vas used~1n v:td‘ﬁ
'fdfprovzdlng constant temperature when required._hfff»”‘: ‘

Potentxometrzc t1tr1meter (F1sher Sc1ent1f1c Co) was

ﬁ~used in the determ1nat1on of amylose content of the

1starches. lu; e ' '«“b"ui.Q '-'u_[{y;

Technlcon autoanalyser II (Techglcon Industrxal

0 .

.‘Systems, Tarrytown, NY) was used 1n the determ1nat1on of the f'

YPhOSphorus content of the starch 5. ;*-
A Haake rOtwlsc:o model RV3 with NV sensor system

T(Haake, Karlsruhe, Germany) was used in all starch v1sc051ty

| determznatlons.\‘_ SR R | f
;;‘\‘lf;“ ‘Spetro hotometer5° A Beckman DU- 8, UV-v1szb1e 3f: ’d_xhﬁﬁhe
':?d\ spectrj;hoﬁgieter (Beckman Instruments Inc., IrV1ne, CA) was
\used 1n the determ1nat1on of amylose complexlng 1nd1ces of

oA
' monoglycerxdes. A Perk1n Elmer 297 1R spectrometer (Perkln

Elmer Ltd Beaconsf1eld Buck1nghamsh1re, UK ) was used 1n .
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| the exem1netion of the structure of the a*end T
S e p-monog1ycer1des. A Perkxn-ElmerSO‘Qttomic ebeorbtion F;fffﬁi
"spectrophotometer (Perkin~Eimer Ltd Toronto ) ves ueed in |
}'f.determ1n1ng the mineral contents'exceptfphoephorue of the 'ef;

W

»starches..

) Controlle i%nviroment 1ncubetor shaker (New Brunswick:”

| Sc1ent1f1c Inc., Ed:son, NJ) was used in meinte1ningc/

o constant temperature and shek1ng dur;ng determ}natxon of the

',starch monoglycerxde 1nteract1ons. ,4;;/»

)4,;

M1croscopes-’Lxght microscope (Ernst Leltz Wetzlar; W.

”:Germany) wzth/g cal;brated dark fxeld was used 1n the

 ";;determ1nat1on of the starch granule size dlstrzbution._;gf;w_fﬁ

"g3/5cann1ng electron m1croscrope (SEM), Stereoscan 150,_‘
Cambr1dge Sc1ent1f1c Instruments Ltd (Cembridge;oznglend)
‘ was used 1n study1ng the morphology of the starches, dough |

'and crumb.;‘ -
\- “ 3 L

, A transm1ss;on elee;ron mxcroscope ul;ramicrotome
‘(Re1chertf"0M Uz Rexchert Optxsche werke AG, V1enne,:”
f‘Austrxa) wa& used in: sect1on1ng semples £or the transmissWOn

(i »

’\:electron microscoperiphiilps EM type pw 6000 (Philips

iSczent1f1c Instruments, Netherlends)

Dafferentlal scann1ng calorlmeter, Du Pon:"model 9005




.v;'

J&“flexam1n1ng crystalllnxty in aged starch gelsr ‘f‘]

“df aged bread crumb._f :.»j:-il‘f'~.g}¥ }'I;ffkw L

Far1nograph type ?A/er (C W. Brabender Instruments ,
Inc., Hackensack, NJ)°vas used 1n the determinat1on of

percent water absorption of tlour and the rheolog1ca1 | ;Qj'u

: propert1es of the d°“9h5-,sﬁf.ng. jez;ﬂ__ fﬂg*ﬂT'r~;’ed"

Cl

Hobert mxxer type KM32 CDN (Braun AG Frankfurt/ﬁ W t
GermanyT was used in m1x1ng doughs for breadmakxng. ;}
Temperature-hum1d1ty chamber model 417530 (Holpack
Canada Ltd, Waterloo) uas used dur1ng dough fermentat1on and"‘
pan prooflng at 35 C and 80% humxdlty R ;d“; ﬁv.\jj"
| Freeze dr1er (V1rt1s Co. Inc., Gard1ner, NY)\was used
1n freeze dry1ng samples for x-ray dlffractxon analys1s.‘_
x-ray dszractometer. Phllxps model pw-1730 x-ray f_df -
generator, w1th PW—17JO dxffractometer control un1t and \

~ o
EM~8110 and PM-8203 one 11ne recorders, was used 1n~f;, .

starch—monoglycer1de clathrates and starch 1solated from

Textrometer model SL14 M1nar1k speed control unit

(M1nar1k Electrlc Co., Los Angeles, CA) w1th speed reducer

E Type NSH IZRG (Bodlne Electr1c Co. Ch1cago, IL) Honeywell >11=
S S

Electron1c 19 chart recorder and type 93 stra1n gage
transducer 1nput module model 3001D (Daytron1c),}was used
intcrumb compress1b111ty and crumb penetratzon resxstance

:-4-. . N .
- N : - S, L -

determ1nat1ons. o






‘ 3 2 Isolation of stnch fromahr“"“t N‘d c;:uva ¥ 1°““

1‘*. through 100 mesh polyester C1°th Th¢ fe '

A thin 81urry of flour was made 1n_fater and screened'*”futi

'f* resvspended 1n water e\second txme and rescreened through

ff?ﬁ; the polyester cloth. Th1s vas repeated unt11 pract1ca11y all

.‘fﬁigstarch hed beeg washed out Starch recovery from the

“fgff,above. Moxsture content was determlned

V*ﬂriltrate and subsequent cleanlnqmyere performed 88 glven

4 3 31 "Wheat mn Ing f -'

in heivater suspenszon was rt\overed and cleaned»a"xg1ven

:infsectxon 1.3o15 'he moxstun

} content of the atarch'was = ,{tt
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The £1e1d of a Leitz Wetzlar light microscope j’

calzbrated thh a scale at selected lou or high

4 3 5 Detcrm:nat:on ot the Starch Grain

Scannxng Elcctron uicroscopy (snu



4.3 7 Detarnination o! the Starch nylou Cont)\t

Amyloae content of each starch was determ1ned by

agtentxometrlc t1tratxon of an al1quot of solub;lxzed starch:f:ﬂ1

- solutxon w1th standard iodzne solut1on, as descnxbed by

5 . ,"u e
N ,_,4 s K .
‘

SChOCh (1954) S o

'S B l’ : B _."‘ :""

4 3 B Deterninat:on of the Starch aneral Content

Technicon Autoanalyser II Industr1al Method No.\;-[ﬁ{f;fff%

369 75A/A (Novembet, 1975)?

To 1 0 g of starch 1n7_fﬂ?:n,,;¢'a¢:~

‘“T;Q were added 15,0 9 KiS0h. andfo.so gited Hgo. (:atalyst) -

(I

T 'y

the tube was shaken gently to m1x well Con entrated\ﬁ SO;

(20 ml) was added. The d1gestxon tubes d”rehagaxn shaken

gently to d1sperse the contents Hydrogen perox1de (to break@!)5

down ordanzc,matter and m1n1m1se foam1ng) was added 1n small?;-a

'° amounts of about\z 0 ml to avo1d excessive reactaon, unt11

the contents 1n the d1gest1on tubes became l:ght 1n color..fa';l

Three plazn henger bozl1ng ch;ps were added to each tube._‘rﬁnfﬂ

D:gestxon was f1rst done at 250 260 C for 2 3 hr, followed
by final dlgest1on at 380°C for 6 8 hr unt1l all dxgests

became clear The tubes were cooled and the contents of each

dzluted to' 75 ml._ig,,;~~

From the solutxons,‘Na and K"were determ1ned by flame

emlsszon. Ca“‘and Mg

A

ff‘by atomxc absorpt1on, and P by

Technlcon autoanalySer.,tpe results vere converted to

,_ff’f for Ca‘* and Mg“ determ1nat1on were a5 follows._i@.;.",

f} Percent on dry basis of starch Atomlc absorpt1on condltxons s
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‘&ﬁ]_Flame e
’fStock

'ff;}ingtandard
pay“; solutzon

A'“f{fsodlum and potass1um‘. ,;f@;ff5‘“

'fkﬂ;gﬁcOndltlon

81YE

- stock: standard

7, Ccnd1tion “r f C§1Eiﬁﬁ gf

e f422 7 nm
S T 00T »“o
. Sensitivity . 0.092 mg/L
;inr-Acetylene
o (oxiding, lean

("gw ~and blue) .
_:-¢7500 mg/L 1n
'n*de1on1zed :

. Iwater acidiﬁxed

'73Wave1gngth '

HCl/L

' Flame em1ssxon cond1t10ns for

B
e

' ﬁ”fwavelen9th  :::- 589 o LS
1 ; ._.WA»~ 0.2 nm

Flape
1000 . m Q/piin

 .1501ut1on dezoniz

'“aé}i

ook T
. BE7 O N Lot T e e
F - SR
¥ :

.
S

’ ‘_,_,_..»:Calc ium_‘ i -

;fii1000 mg/L in,
””Jdilute HCl '

“with 10 ol of i[ﬁ.faa;wg“fvf

the Geternination ot

A1r—acetylene“

e

"‘9""i“mfi;ifif"

285 2 nm;_,.}"*- R
0.7 nm
0,008 _mg/L

same Qs?tot’"
















- _/'"g\f};.
B

remove ac:d in a Buchner funnel l1ned 4gth Whatman fxlterr
paper No.1 and connected to an aspirator The clean s;arch

.'f was dr1ed“for 3 hr at 40 C 1 an Iso temp forCed draft

[ 2
oven. Moasture content was then determxned.

4 3. 13 4 SqubH Ization of Lintnerlzed stanch

...

"dependlng on whether the f1nal gelat1n1zed starch was 901ng

,0

F1Ve ml,of N KOH were added to 1.0 g. (db) samples»of

lrntnerxzed starches 1n 35 ml test tubes. Each test tube
Cd ‘

was stxrred by a vortex m1xer unt1l the starch was =

7were plaoed in 35 ml

©

thoroughly dlspersed in the KOH Clear solut1ons of the
J

'”";{« sta;ches 1n ‘the KOH hydrox1de were‘obta1ned after coollng

1n a refr1gerator at 4'C for 30 m1n. The solut1ons were
then neutral1zed w1th an equal volumeuof N HCl before |

interact1on w1th m oglycer1des. SISV

4 3 13 5 Gelatinl‘za{:on of Lintnenlzed Stanch ',‘°

g'/Wezghed quant1t es (1 0 g db) of l1ntner1zed starch

st tubes. F1ve ml of dlstllled

;water, or dzstllled waﬁer w1th pH adjusted to 2. 3 or"

'3d13t1lled water with pH adjustedlto 6 5, were added

to. be reacted w1th B~ C,q and C,.,'or a-Crg and C,.. The :

\;v:.etest tubes were corked st1rred on a vortex m1xer and

"test tubes veré then removed from the hot water bath and

nallowed to coolwdown to room te perature. PR

ol

v

<

&

”;litplaCed in.a hot water ‘bath at 95 C for 30 min to gelatlnlze}

“f:the starch uncorklmg 2- 3 t1mes to release pressure. The -.]'



"'h lxntnerized starches wzth the monoglycerxdes. The second

ooo.88

4. 3.13.6 srar-ch Monoalyoer' lde Interact ldn .
'~ " L1ntnerized starch samples were 1nteracted w1th the ;7itf9t’
fh‘a and B-crysta111n1ty forms of c,. and C,. monoqueerides |
at levels of 0.0, .0. 10 0. 20 o 3o 0. 40 0. 50, o 80, “énd
”;1 0% (db) of starch. Three cases were considered for each

'j‘starch The farst 1nvolved 1nteraction of ungelatinized

‘1nvolved gelat1nxzed starch while the thxrd case covered
"h'the 1nteract1on of soltb1lxzed starch with the et”;'°
| :smonOQIYCer1des. N L [ ‘ o »:,:-~

: 4 3 13 7 Stanch amia-nonoglycerlde Interaction
‘Determinatlon | | RN ,”h S
Welghts of o 0, o 10, o zo o 30, o 40 o so, 0. eoif
and 1, 0 mg. of ezther ﬁ C,. or C,. monoglycerades were f
"Lwe1ghed seperately 1nto 250 ml con1ca1 flasks vae ml of
dlstzlled water,lw1th pH appropr1ately adjusted were added
to. each flask The monoglycerzdes were ellowed to convert to _“_fff
‘the a-crystallxnxty form as g1ven above._hﬂf}tqveler“‘ et
Ungelatznzzed starch 1 g (db) was we1ghed 1nto'eao,
flask and the volume made up to a total of 20 ml 1n each
case w1th pH adjusted d:st1lled water. The flasks were
lcorked and kept for 12 hr at 45°C 1n a controlled

o env1ronment shaker 1ncubator at 200 rpm. The samples were T

,centr1fuged at 12 000 rpm after the 1nteraction period The ;?ﬁf
58upernatant vas: used for amylose complexing lndgx T
‘;determlnation, wh1le the res1due was drled at 4Qec 1n an o

‘:,Iso—temp draft oven and used for x-ray diffractzon



 8}9\

jpcrystallxnrty analysxs.:” "
| Gelat1n1zed or solub1llzed starches were 51m11arly

.'a}analysed in a s1m115? manner to the above. After Jpp%rate ,

:_etgelat1n1zataon or solubxlization steps, the sampleg}were

*?h,transferred quant1tat1vely 1nto 250 ml conxcal flasks, h'"Q"

. ;ﬂmak1ng the total volume 20 ml w1th d1st111ed water QH 2 3

1fmfor C.. and pH 6 5 for C1.. The samples were then allowed

) °fto 1nteract followed by centrzfugatzon The supernatent was

'Af(collected for amyldﬁe complexzng 1ndex determ1natlon and

'the re51due drxed for x ray d1ffract1on analysxs.

'_4 3. 13 8 Stanch and B—Monoglycenide Intepactlon ;

“ajDetenanatfon 17*"

R 0 g (db) of ungelat1ﬂ1zed starch was added to each L
'5of the 250 ml con1ca1 flasks conta1n1ng 0 0 0 10 0 20, ;d
0,30, o 40 o 50, 0 eo and 1.0 ng of elther p c,, or. p c,..',__f'

.;lTwenty ml of d1st111ed water were added and the react1on ‘{.ﬂ,»r

_ allowed to proceed as descr1bed above After
rjvcentrlfugat1on, the supernatants and the re51dues were

iwsaved and used for amylose complexlng 1ndex determ1nat1on

"‘,_and X-ray dxffractlon analy51s.

9

When gelat1n1zed or solub111zed starches were used

.‘_the B monoglycerlde c.. or C,. was added d1rectly 1nto the _;l

; ‘h”vconlcal flasks conta1n1ng ‘the starch samples br1ng the .

o total volume to 20 ml 1n each case w1th d1st1lled water.

13~Determ1natxon of the amylose complex1ng 1nd1ces and x—ray

d1ffract1on analyszs were performed as g1ven above,i fl

‘-i'Determrnatxon of the Amylose Percent Complexxng Indxces of

v | T _ -
L4



: 'dfgdlluted 1-1 (v/v) thh dlstzlled water 1n a 50 ml ,};ffﬂ{lﬂﬁ'°

o

Jauonoglycqrzdes ; . , S . :

o The method of lebert and Spragg (1964) was followed

»‘pbut was mod1f1ed to g1ve percent complex1ng 1ndex 1nsteaddd;:f:;
‘\edof the "blue value .ag--t - | e »_;\,d.p -

B The steps followed were. 1 0 ml of a supernatant vas.
RN

d-_”volumetr1c flask 1N 0 5 ml NaOH vas added and the mixtureflf}?;f

.l-jheated for 3 m1n in a bo111ng water bath After coolxng,”:“”‘l°:'d

il‘;the total volum . Iodzne standard solutzon 0 05 ml_

"‘5f;conta1n1ng 2 mg I,/ml and 20 mg KI/ml was added. Dll

"d'l‘and contents mlxed by 1nvert1ng the flask a few times

'Lffesolut1on was kept at 20 C/for 20 m1n The absotbance_ofitheffif

.rO 5 ml. N HCl was added to neutralzze the sod1um hydraxide.é"flﬂﬁtﬁ

*l'Pota551um hydro en tarttate bufferwo 09 g was addedd

| D1st111ed water w%s added to the flask up to about}fS ml offf

*Tj5water was added up to the 50 ml mark \The flask vas cbrked g

.solutxon was taken !t 680 nm 1n 1 cm cuvettes usxng the

:i;DU -8 BeckmanVS'ectrophotometer w1th water as the reference

'-IlThe amylose pe‘cent complexing 1nde% vas calculated ‘;f;

,;g1ven below.ffl' - J—

(I)Soldble Stanch samples RN ,
_ %Compleging Index -,100 X (A"°1n A"°ss) / A"énn%
--Where°-; B .,hpwf f.L.:f' e
' A,en1n = The total absorbance at 680 nm of the comple17
;;between 1od1ne and amylose from 1 0 g (db) oi solubiligedffh,

"?'Starch sample-ff1f}fyi_;{:?ahv3"f77ffff’gﬁﬁfyxﬁ“ffff



Aaoos; = The absorbance at 680 nm: of the 1odxne- o
amylose complex obtazned after 1nteracting the 1 0 g (db)
*ﬂ~;€ of soluble starch sample w1th monoglycer1des.s:' ‘f,"

‘ (H) Ungelatinlzed and gelatlnized stanch samples |
| . ZCOmplex1ng Index - 100 X (A..OGS - A"°qus) / A..oiAﬂ
‘ t A..oﬂf The absorbance at 680 nm of the complex between;ff
__f ff;odfneﬁand amylose from T 0 g (db) ungelatlnxzed or ?‘ »..v
Au-ligelatxnized starch before 1nteraétxon w1th monogl&der1des. _Fa»
S A..ogng = The absorbance at 680 nm- of the 1od1ne f;igff”~'
"f.jfamylose complex after the sta;ch sample‘(1 Og db) has i:ff~hh
xtf{&reacted w1th monoglycer1des._h'f_~' o f_ § e
| ‘__f}llf A plot of complex1ng 1ndex againSt percent}:
‘1}._monoglycer1des 1nd1cated th\\Qgt1mum.amount of

"ffi_fmonoglycerldes for complex1ng amylose in each starch
S T L NG y )
o a4a 13, 9 X—Ray Diffractfon'\Anazysls of t W'e o
»_-star‘ch-Monoegoer' ide crathrates \
| The reszdues obta1ned after the starch monogl;cghf'gkf;"ig

_»;‘1nteractxons were ground to powder in a mortor afterfdry1ng\\\i
1:’and analysed fod crysta111n1ty by x~ray dlffraction ' -

‘*Q analysls as prev1ously descr1bed..

f;f .3 14 Determlnatxon of Starch Affinxty for Gluten in- ghe

‘ Dough Early and Fully Baked Stages of Bread makxng
- The method of Dahle (1971) to examlne the aff1n1ty
‘hgbetween dlfferent starches\and gluten was followed. Starch

' ’T;;fsuspen81°"5 o 5% 1n d:stllled water, and a gluten extract

N - <«



"jfﬁmethod

¥;ff}% Aff1n1ty .  ,
e s (orzgin

I the othg; ﬂ

7‘;;'from the formula g1ven below

100(1-Absorbance 1f ‘residue;’ soluble




I

ffmo1stureibas1s as per AACC method 82 23-;,_;j5“;[f;ffﬁ»-ﬁ '

The farznograpt.mxxing chamber was ma1nta1ned at a

constant temperature of 35 C thh cxrculat1ng water from

Lo-Temprol 154 1wnstant temperature water bath. The g‘;quciw‘{'

leiapproprxate quantxty of the flour was placed 1n the m1x1ng ”{?f{

wffchamber and mxxed at speed 2 £or 1 mxn for the flour

"'temperature to equzlxbrxate wzth that of the chamber.

”*Vﬁ;ngOmpos1te flours conszsted of 85% starch and 15% v1tal
91uten._;,j°};“faf?“"” B AP A .

The far1nograph chart was then started at zero t1me, Atfﬁff{

the seme t1me water at 35 c from the farxnograph burette wasgﬂif;

dded to the flour. FlrSt, 25 mlwof water was added

contlnuously 1nto the flour from the burette. The rest of
the'waﬁer was added 1n small amounts of about 2 ml and later;;efﬁ

dropw1se unt11 the farlnogram JUSt straddled the 500 BU,,_gg{fJQﬂ

11ne, The tital amount of water used was read froq,bhe;fjﬁﬁ;;fiﬁ

burette and recorded wAﬂfinal determxnat1on was made 1nffjig{~ffﬁ

» whxch all the requ1red volume of water was added 311 at oncefff?i

from the burette to the flour, The determ1nat1on was

completef1f the far1nogram came to rest proportlonally on 5d“fﬁ"




‘ ; 9 on. 14 0% mo;sturefbasis;co ainxng 4x-sug“"””°*

ifﬁj;each flour was added all{at‘_nce;fégyh



UEEErE S

burette..'{;72f”T§fffjj:in”ff' i

Due to the presence of add1t1ves 1n the flour, the

far;noéram peaks were beyond the requlred 500 BU 11ne leve1'7’f‘5

requ1r1ng a correctlonal add1txon of 0 5 ml water per 500 BUf;fﬂe

beyond the 500 1eve1 A fresh far;nogram straddlzng the 50

BU 11ne was run for 20 m1n after tak1ng 1nto acc0unt the x;:ffgﬁ

correct1on. Dough rheologxcal propert1es, arr1va1 and

| development tlmes, stab111ty, mlxxng tolerance and breakdown;?‘-*

1“ °°“515tency 8ftef ZO\M1n were determ1ned from the s

far1nograms. ;if°*°"‘ .

3 17 Determ;natxon oi Dough and Crumb Hydratxon Capacxtxesf,suv

The method of Yasunaga et al (1968), s mod1f1ed by

Dennett and Sterlzng (1979),'was used 1n determ1n1ng the g*.f7

hydration capac1t1es of the wheat and compos1te flour doughsfihff

f}g' and bread crumbs Samples,vzo 9 each of dough or bread crumb'
| : were homogen1zed for 1 min each 1n 100 ml of water in a

Warrng blender and transferred 1nto a 250 ml beaker. The

blender was r1nsed w1th 100 ml more water wh1ch was agalnjffff”'

transferred 1nto the 250 ml beaker. The slurry whs stxrred

for 1 hr on a magnetxc st1rrer before be1ng transferred 1nto}«r~

250 ml we1ghed centr1fuge bottles.}The beaker was r1nsed
‘ w‘th 50 ml more water, wh1ch was also added 1nto the |

‘\2 ;cent?1£uge bottles, followed by centr1fugat1on at 3000 x g

vtniﬁ,}ebottles 1nverted on paper t°"315 t° drain for 5 m1n. The

“*:fﬁwelghts of the sed1ments were recorded Dry matter in the %

‘ : l‘



. fixed in 2% osmium tetroxide in'the sam




_‘..:’ Lo

__for 4 hr followed by one washing V1th the buffet Theiﬁ5j¢gfykl

wl_f' samples vere dehydrated 1n 701 methanol overnight then
dehydrated further 1n ao 90 95 5 3e 5 and 1oox methanol

h:‘erxes for 15 min at each concentretion The final washlng

o vas repeated twice before treatment for 15 min iith 1 b

methanol/propylene oxide mi:ture,_followed by two treatmentsff;f}

'”fi ior 15 min:eaoh vath 100% propylene ox:de.5u;f.ff'

Aii.zThe.Blmples were next treated in“a mixture oﬁ 50%
propylene oxide and 50% of a mixture consisting of 27 ml

if:araldite 502 23 ml of dodecenyl succ1n1c anhydride (B‘sh)

:Q;and 2 ml of tr1 (dimethyl amino methyL) phenol (DNP 30).,The}f{f2

V;samples were“left to fix 1n thlS solution solution overnightfﬁ

‘E;ln a slowly rotating shaker. Samples were then imbedded in 317 e

lire re51n mixture of 27 ml Araldite 502 23 ml of DDSA and 2 ml;fﬁ";
v'.'f'x“:' . i g* AR
;Efij;;fof DMP-30 1n rubber molds and the resin allowed to

'3”‘_;ipolymer12e at 60 C for 2 days. The samples were sect;E_

B N
'»“T;into thin slices of 6 8 um t_ick_yith an ultramicrotome. hh;;

- »tfj:sectaons qere p1cked up onto 200 mesh copper grids coated

i’ﬁ}?with a plastic film of 0 25% formvar (polyvznyl formal) 1n‘°

ajethylene dichloride, and drxed on filter paper.;The sample

"*f;ffwere stained in 1% uranyl magnesium acetate for 2 min, i

'”ﬁrinsed 1n dist1lled water and finally stained for 2 min 1n a:;
oy o

Q”ffsolut:on of about 3% lead acetate,

16% sodiumfhydroxide and

| "5%{;0 3% potassxumjeod1um tartrate (Kay, 1965) The gridsrwere ;{&

fi}]ﬁ}jwashed wit:_dxatilled watet, dried on filter pﬂPef and

’°¥§f£iV1ewed through the Philips EM-ZOO type PW-GOOO TEM at low fi;ﬂ

imagnification. Photom1crographs were made.;;
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| Starch from fresh or aged crumb was' 1solated by
homogen1zing about 20 g of crumb 1n 100 ml water in a
War1ng blender for 1 m1n at med1um speed The slurry was
transferred.1nto a 250 ml beaker and st1rred for 1 hr ﬂlth

a magnetrc stzrrer,_fdlloved by screenxng thrbugh 100 mesh .

polyester s1eve cloth The starch 1solated was separated

from the fxltrate byhcentrlfugatzon at 3000 rpm for 10 m1n,

’.& J,'-’
g

-.“Twﬂrhe recovered starch was freeze dr1ed and ground to a.

4

powder whrch was compactly compressed in: the alumxnum x-raya.
J dlffractxon sample holder for analys1s. The drffractograms
' obtalned were used 1n descrszng crysta111n1ty development
e 1n the crumb as a funct1on of storage t1me.3 |
4. C Bread Qualxty Evaluatﬂun by Panel Tastxng
7f}f’°ll”Bread for panel tast1ng vas baked and cooled to room '
‘;temperature.fThe volumes of . the bread loaves were fzrst )
::rrjdetermrned by rapeseed dlsplacement in a conta1ner of - known
‘lvvolume The loaves were then gzven external and 1nterna1
L {,quallty evaluatlon by a panel con51st1ngﬁo£ tra1ned students
“_g@fand support staff members usxng the Ameracan Inst1tute of
fh;Baklng method for bread qual1ty evalullggg and scorlng
'f;(Matz,k1960) | o Lo |

L S & - . h [
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5 1 1 The size sttr:butxon and Norphology of Starch
Granules | S R

o ,5 1. 1 1 Starch Granules Size Distrlbutlon

. The part1c1e size dzstrzbut1on of starch granules fromafv;ij
_wheat (cvs.. Neepawa and Flelder), arrowroot cassava, sweetw-tg'
"potato, taro and yam are presented 1n Table 5. 1.A r; fjalih;”f"'u

Arrowroot and taro had the smallest starch granules, ,fhiﬁ“

©. all below 4um in s1ze. Yam had the largest starch granules,f7¢$5

»‘the smallest being at least 10um 1n s1ze and rang1ng up to e

40um The ma)orzty of the yam starch granules ranged

“iibetween 16~ 30um 1n 51ze w1th the peak between 21 25um-~eﬁffa~"”

o Most of the sweet potato starch granules (83%) were

jless than 10nm 1n 51ze._The largest ones were 20um. Almost

~half: (49%) the cassava starch granules were 5-10um with

'only 10% less ‘than ‘Sum, 31%, 11 15um and 9x 6= 20um. No

‘_cassava starch granules larger that 25um were observedna3aefff7l

Soft wh1te spr1ng wheat (cv. Fielder% had mere

F-numerous small granules (47%) of sxze 1ess than Sum than

_Canadxan west red sprlng wheat, cv. Neepawa, w1th 36% of _’{;‘

its starch granules <5um. The granule dxstributxon was
”freversed s1gn1f1cantly 1n the 5- 10um s1ze range, vhere

i lNeepawa had’ more starch granules (40%) than rxelder(BOS)

. Starch granules of 31ze greater than 25um were not found in

° B l 102
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o - .'.Ta,bf.[e 5.1  Starch 'Gramﬂe‘_si_ae.'bisitiribution ®

R .

Granule Size in wm"

= 'Iypeof Starch = ¢4y 5-10 11-15 . 16~20  21-25 26-30 31-35 36_—-40"‘ :

 Cossaa .1 49 w9 1 |
w0 - -3 3 ® 1w w2
| ov. Felderr 47 0 5 L7 Jsoo1 11 -

*SWW- SOft_-Vhit_ebering;meat BEEE R \ BT

. **OWRSW - Canadian We,stemrb Red Spring ‘Wheat



”:’-volume.e

\-»jcassava (2. Plates), and wheat starches.

':;Pgranules were observed to be polygonal Most dlsplayed

(3jsharp edges between the facets, wh1ch in turn possessed 5
| 7ﬂ'starch granules durxng development S:milar observations

gshad Several r0unded facets (Plate 3, a and b). Yam starch’7

‘ r,granules d1splayed in. Plate 3 (c and d) were ellipsoxdal

'foutlznes expanded and rouhded at one end.;é,hff;ffiijQV
J'fltruncated 1n appearance. The truncated surface was concave,ﬁﬁ,~
"_culmlnatrng in a sharp sunken central po;nt Compounded;'

- fstarches vere also observed

‘ f.donut 11ke types or larggr ones, lentzcular 1n shape.:The

.’v.\ -

’},Neepawa vheat starch whzle erlder had larger starch
ffgranules distrlbuted up to 40um. The effect of starch
A'h; granule sxze dltr1butlon and starch damage on“bread are

'dlscussedunder dough rheologyr_ 1crostructureand bread j?;&

‘5 1 1. 2 The Morphology of Starch Er'anules by Scannlng

lEIectnon Microscopy

Scannlng electron'photomlcrographs portraylng the

- morphologles of the d1fferent starches are grven 1n Platesfffﬁg

‘ffas 1. to 5 6, represent1ng arrovroot taro, sweet potatoi:yam;gi’n

Arrowroot (Plate 5 1) and taro (Plate 5 2) starch

'curved depresszons, made probably by pressure from other

’7iwere ev1dent Wlth sveet potato starch granulés, wh ch7also‘i;ff

5',1and smooth on the surface. A few had the1r e111p301da1,éﬁs

Cassava starch granules (Plates 4 and 5) vere round orff;f

T

Wheat starches (Plate 5 6) vere small Pl&telete,,dﬁkﬁg




’ .p__lat?. 5_-‘1 Scannmg Electron Mlcrographs of Arrowroot Starches From
| B Kenya—a,x6900bx4500,c,x4200andd x7000






Plate 5.2,

SR

Scannmg Electron Mlcrographs of Taro Starches - a, ,
3 300; b, X 6 4oo, X 6 400 and d, X6, soo. -j  e
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Platez 5 A Scannlng Electron Mlcrographs of Cassava Starches of
Cannerc1al (a,” X 2, 800 b X 3, 700), A. E. Staley Manuf

Co., Eecatur, IL., and Kenyan (c, X 5 200; d X 4 500)
Orlglgs.'f : |






‘-‘__'}vPlate 5 5 Scanrung Electron Mlcrographs of Cassava Starches of (a)
Conmerc:lal (A E. Staley Manuf Co., Decatur, IL ), (b)
Fljlan and (c) Kenyan Orlgms w1th Magn1f1cat10n Range of






Plate 5.6~ Scanmng Electron Mlcrographs of Wheat Starches, cv.
b - Fielder (a, x 1,120; b, x 2,600); and cv. Neepawa (C, ¥
{‘\\ - .11300, d' X 2’630).

[
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.majority of the larger ones possessed pronounced equatorial

grooves (Plate 5r6,.b and 4).

5.1.2 Deternination of hmylose Content in Starch -
| .Thegstandard_curve for amwlosendetermination in starch
by potentiomeﬁric titration is given in Figure 5.1.
| Figure 5.2’showsItypical-potentiometric_titration
curves in presence of arrowroot,-caSSava and wheat (cv.
Neepawa) starches.
Figdres 5.3 and 5.4 represent plots for-bound iodine
versus free iodine in potentiometric titrations involving
. cassava and wheat (cV. Neepawa) starcheerOther'starches had
similar plots. | |
Table‘s.é shows the.amylose contents‘of the starches.
Also given are the'amylose/amylopectin'ratios of the various
starches. | |
Wheat (cv. Neepawa) starch had the hlghest amylose
content (27. 2§%) followed by yam (25 00%) and wheat (cv.
F1elder, 23.04%) starches. All the other root starches had
Aless amylose content than the wheat starches. Taro starch
had the. lowest amylose content (14 93%) ‘next to arrowroot
.starch (16 73%) Sweet potatgyand cassava starches had
«1ntermed1ate amylose contents ranging from 18 98-21.0%. The
,amylose/amy}opectln ratios corresponded 1n magn1tude to |

-thelr‘respectlve»amylose contents.
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‘I‘able 5 2 Amylose Oontents and hnylose—Anwlopectm Ratlos of Sane Wheat and

Trop1ca1 !bot Starches s

I

- Type. of crowth

"?my.lbs‘e. |

)

| Hﬁyloéeﬂmylopeét in Ratio

7

Root: -
"Tafo,,:
“CV. Janalcan

Arrowroot o

ey, Kenyan

N .‘."’,Chsﬁavaj R

R cv.,F1]1an
Lo cv. Kenyan

Sweet Potato

_._cyf,._

S ev.

,(borgla Red L o
Oentenmal |

Jamaican. . - ]

Hleat o

OV

Fielder

,-

B 4.’
i

1493 :0.63
16,73 +0.34 .

1898 41510
21004 0.67

S, 66+ 0.48
"'?”«.,,19 4 o 61k_ Sl
*‘zo.oo+ 0. 21 _—

23'041062 PR :

2293153

. 0.176
0200

o  'ﬁ°t2j4{ ‘-’

o246

o 0.375 -
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,5 1.2.1 Stanch M:neral Compos:tion
» ~In Table 5 3. are presented the m1nera1 contents of
5harrowroot cassava, sweet potato, taro, yam ano wheat (cvs..
'Flelder and Neepawa) starches._- * ’ |
Amongst the root starches taro andnarrowroot; with
the smallest starch granUle Size,:had thevhighest
phosphorus contents - approxlmately twlce the amount of
phosphorus tound,1n cassava, sweet potato, and wheat (cv._
Neepawa).starches, Wheat_(cv. Fielder) starch was
>fntermediate in its.content“of phosphorUS. Yam, with the
'1argest granule s1ze had the lowest phosphorus content
"(0 0064%) Extractlon of the wheat starches with water
,saturated butanol to remove 11p1d phosphate complexes
reduced thelr phosphate content from about 0. 05% to 0 016.’
’and 0 013% in cvs. F1elder and Neepawa._" A‘ | |
All the starches had very low Ca** and Mg” contents,‘
iThe wheat starches contalned no calclum In contrast , all
vt(hthe starches had hlgher contents of K‘ nd Na* comparedto‘"

. , \\
,the1r contents of ca“ and Mg

'dh5 2 Swellxng Power of the StarcheS’

The swelllng Powers (SP) of arrowroot,;cassava, sweet{-M
potato,,taro, yam, and wheat (cvs. Flelder and Neepawa)

rﬁjstarches as ‘a. functlon of temperature are shown 1n Flgure_'

L s 5.1and Tables 5. 4 5 7.




Table 5.3 Mineral Contents of San_é wheat and
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Tropical Root Starches

TYPe of Starch

- Moisture; %

Mineral’

Contént in Percent

ca

‘Na

Taro
. Cv, Jamalcan )

Arrowroot
~cv. Kenyan

Sweet Potato -

¢v: Centennial -

Cassava
cv. Kenyan -

Yam _ :
" ¢v. Jamaican

| Wneat*

cV. E‘lelder

e, Neepawa .

8.53 .+ 0.15
8.24 + 0.09°
8.28 + 0.31 .
- 8.98 + 0,22

©9.10 £ 0.08

'.?“8.45\i,0.16~f

i

P -~+o.002:,

 +0_..

.ip.ooog

- 0.0064
. ,#0.0012

0. 013’

0.0256
0 0227

ot0126)_
+0.0017

©0.0106

0.016
A.+O 006_ _‘

0;0021‘
+0.0011
0.0081
+0,0002

00067

#0.0005

" 0.0003 .0
40,0001 0.

0.0094
+0,0017 .

.0.0050
- $0.0002

;'_19.0095,

. #0.0007-.

©0.0048

10,0220

0.0221

$0.0006 . $0.0008

0,025 -
© $0.0006 .

0.0321

| 40.0007

 0.0259
40,0036

. 0.0254 -
30,0006

0. 0194?u~

.£0,0004

0.0249
40,0007 -

0.0187

»
b

_.:‘*Refluxed 2 ‘times for 3 hrs with: water saturated butanol.. s ext
: step was ouutted the wheat starch P anomted to O. 05+0 007, SR

If

the extraction
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e

~ Arrowroot

~swelling powér SP

s TME
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e tompcratureC°

¥ Figuv‘gs 5 Swe]hng Power as a Functmn of empera.ture ‘,
L ' and Trop1ca1 Root starches for 50 e Hheat
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. 4 |
' Cassava starch had the highest SP at all‘temperatures.
Hard red, followed‘by soft white, spring wheathstarchesehad
the lowest swelling power at temperatures}beyond 75°Ch

Swelling powers of arronroot; yam,'taro and sweet
potato starches were 1ntermed1ate between .cassava’ and wheat
starch swell1ng powers, but decreased in magnltude from
arrowroot to yam, taro, and sweet potato starches atzv
temperatures greater than 85°C. The swelling power of the
wheat starches remalned fairly constant from 60 -85°C, rlsnng
only from about 7—10 to 12- 16 g of paste/g.starch DWB. lt
then rose fa1rly slowly Irom about 15-20 to 18-24 g paste/g
at 95° C | “

Taro starch did not show any signs of swelling between
60-70°C, after wthh its swelling power rose steadly almost
to a peak at 85°C. It exhlblted a sigmoid behav1or of its
swelling poner in relatlon to temperature.

~ Yam starch swelled qu1ckly from 2 to 21 g paste/g of
sta{c;\;t\KF 70 C and then 1ncreased gradually after that to
a peék value of about 34 g paste/g of starch A s1m11ar
. trend was observed for sweet potato starch |

}

‘Arrowroot starch rose gradually 1n 1ts swelllng power

-a

¢

as a function of teTperature up to 85° C then nearly 1eveled
off to a peak value, while cassava-contlnued-to rise sharply

in its swelllng power with further 1ncrease of- temperature.

]
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5.2.1 Starch Solubility
Starch SOlUblllty curves as a function of temperature

for arrowroot, cassava, sweet potato, taro, yam, and wheat

(cvs. Neepawa and Fielder) starches are presented in Figure

5.6, and in Tables 5.8-5.11.

Like with swelling power, cassava starch had the
highest solubiiity at all temperatures. At low temperatures,

root starches had higher solubilities than the wheat

- starches..-At temperatures higher than 83°C the solubility of

bl

wheat starches increased at a greater rate than those

:“»observed for the root starches. At about g87°C, the

[N

solubilities of the wheat starches exceeded the solub111t1es
of the root starches, except thatvof-cassava which they
equalled only at 95°C, E

At all temperatures, hard wheat had lower solub111t1es
than soft wheat Taro starch SOlUblllty as a function of

temperature rose'in a s1gm01d manner as observed for

swelllng power. Yam and sweet potato starches were very

" close in thelr solub111ty character1st1cs. Thelr
’ solub111t1es rose steadly over - the whole temperature range-

" 60- 95 C. Cassava and arrowroot solub111t1es rose w1th the

\

highest, but decreas1ng rates as a functlon of temperature‘

'"_as indicated by the curves in Fagure 5.6. AR /

‘The solubility of adstarch depended'on‘its sweiling_

:power. Thus the hlghest soluballty for wheat starches was

,observed over the temperature range 85 95 C. Solubllrty

rates for taro starch were hlghtest between 70- 85 (of



132

STARCH
solubilities

24

20

-
-

solubility o

- R

" temperature C° e

P

*' ‘Figure‘\5.6. -Sfarch So]ubﬂivty‘a's a Fuﬁgi_tion'of 'Te!nbératuré' 7

| ‘-f;or Some "Nheat and Tropical Root Starches. - R



133

,mmn

\

SC"0FIE'EZ . 69°07K6'8L B9°07%68°2L 12°0FLE'EL 90°1569°6  €9°0%Ly'L 88°9792°5 ' 81°0%61°2

(no uesyewep)
Cweg

" tad :moﬁmEmhv

PLZENI2Z 2ECURELTLL ELTARLBT0Z  6ETLFISTLL SETUFO0TLL £2°0%62°2  LL°O0EE L troseete - - OARL

o , ‘ = , . : : ﬁru.:m>:wxv
0Tl32L7 92 62°0%82°§2 LET0¥B2°E2  €8°0710°61 62°0%8E°9¢ ‘wm.0mQOeN—,,mn.cwnm.n .0E°0FLY L

- 3001M011y
56 6. S8 e T Y: $9 09 soyoses -
PR : — « .. 3o-sadAy
Uo.muﬁumuwaEm& ' . . . T
aanjeaaduway, uo,:owuoc:m.w. : R
§ S34a1e3s wex pue olel ‘300imoiav jo AirrrqnrosWgrg srqel



134

€

997 0%9¢"0€

16717927 S€E

02°0709°82

SBTOWLTIE EETISVET0Z 9L°1396°PL - 9 0350°0L 62703269

05°ZF2L '€ O1'2352°82 L2°LF0L'EZ L6°0%E3"LL BV 05BL WL

92°071°L2 2°0FY0°LZ 19°0%68°22 SBOFKL'6L SE'0%H’9L

g

61°0726°8 $2°0%6Y°L

2S°0%L°L 6ZOFIE'E  "ad ueAusy

PL°0786°01 91°0%€8°2 ad> ueT(rd

..u.wﬁaﬁmw.,‘
Terotauuo)

:eaesse).

56

ssyo1els: Jo

| SC.C o s9

.Uc

o aunjexadual

oosadAy

ﬂ Wm MOLUHQNW

_wu:uMquan,quaoﬂuuc:w

eaeSSED awos 3o m.m_d.‘uw.:.n:,.ﬂo,m ‘6°5 .wan‘m__r 2

3



I35

m : J. m | \N\\

s

. . . P S o RV L
© . zec0p98L. 20°0%8YLL EETOFHI°OL LY OFYB'SL . Y OY6E'OL 28°07.9°9 EETILS6LZ UETORLYTL . "AQ o2nd 03Ioq .

ek

26°0%p1°LL BE0FL0°LL 6V 0358 ZL ¥B 08" 1L 86°0%22°0L , LE"L¥¥2'B 21°03L0°\ 60°0%19°0 'A2-pau 131pI03y

18°0799°02 E9°0%p¥ LL 62°ZFE6'EL  BL'0F69°ZL 66°07L6°8  CET0¥9L’8 62'0F6E'E B50320°Z <A [eIuUUSiUL)

.

uwwuwMucm u@mkmﬁ
, , Y eg- . - o8 st _ s9 09 S ~ yoaeis
56 06 58 08 SL - | | 0L _ ..mw . 30 sadAL .

.Uo‘wusum»wQEwap

. mu:umumaﬁwa uo coﬁuc:m f

.

e se mvsuumum o»muom uvv:m oEom uo mwﬂuﬁadnnaam.op m oanma

-




136

L@

.y

OU 1364782 9L°0F2L°SZ 1570358721 80°IF8L°L SO LFLL™9 £2°4%$9°¥ 1S°0F12’C 65°0FLE°2

x9pleTd-

15°0%95°82  9L°0%16°8L . [1°0788°6. ¥€'0%65°S  B9°0¥§S'E 02°0%02°€ 60709861 8_65.«@ emedaon
6 6 58 o8 st . oL sy 09 Jeaum jo
4 - 2, w..:.u.mu_.n.unim._. Coe s e ; ~sodAL -
wu:umuwasvb J0- coﬁuuc:m e se mmzuumum :
. uwnﬁwam pue m3maomz,.m>u .umonx uo mmauHAanDHom pp S mHnt m
1 -



137
5.2.2 Starch Viscosity . ’ g
| VlSCOSlty curves as a functlon of temperature for ; ..

_arrowroot, cassava, sweet potato,'taro yam and wheat (cvs.

1Neepawa and Flelder) starches are prGV1ded 1n F1gures

: -5 7- 5. 10 and in Tables 5. 12*5'15

For all the. starches, there was practlcally no

,dlfference between the viscosities after 5 d 10 minute

»
-

runs of the Haake rotov1scosmeter. ' \f

,. The cassava starches, espec1ally the F1)1an cultlvar,
Hhad th? hlghest v1sc051t1es, followed by taro, yam;

| arrowroot, sweet potato and wheat starches.lof the sweet
potato starches, the Porto r1co cultlvar had the lowest
pv1sc051ty Soft wheat (cv. Flelder) was observed to have

?hlgher v1sc051t1es at all temperatures than hard wheat (cv.

. Neepawa).

G

r75 2. 3 Starch Gelat1n1zatxon Propert1es.f.i

Gelatlnlzatlon thermograms and data as a functlon of
itemperature and water volume fractxon, v1=0 3 0 8 for some
trop1cal root and wheat starches are glven 1n Flgures g

= 5 1= -5. 13 Tables 5 16— 5 20 and Appendlces 1 4. __' _} '”'/

The thermograms obtalned 'showed that the root starches S

d_'had a gelat1nlzatrpn onset temperature range of 52 63 C, a
_Tpeak temperature nange of 58 68 C, and an end of L
g.'gelatlnlzat1on range of 65 73 C Taro starch was the rd"“

.i”exceptlon, w1th a h1gh onset of 74 5° C, a peak of 79 c, and |

an end of gelatlnlzatlon temperature of 83 7° C CWRSW and
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o

Table 5.19. DSC- Wheat Stérch—Lipid Clathrates' Melting Characteristics
as a Function of the Temperature and the Water Volume Fraction.

Wheat: Watér

Volume . o .
. Fraction  Clathrate Endotherms (my)
v. o ‘ ' o
c | o ¢ ¢ | ¢ , o .
. Fielder Onset Peak . En@d = cal/g.
0.8 93.25 98.75  103.50  0.023
: £-3.89  + 3.89°  + 4.95  +0.001
0.7 97.75  103.25  107.75  0.041
e +3.18 4 3.89  + 3.18  #0.003 .

0.6  °105.75 111.75 115.75  0.058
© 4+1.06 4 0.45 + 1.06 +0.005

0.5 =- - - -

0.4 | -122.25  128.75  132.00  0.060
- £1.78  +1.06 ©% 0.10 +0.004

0.3 — e e e --
, ;v; o . " ' - ' .
' Neepawa. ’ . _ S L .
| 0.8 . 97.50  100.50  105.00  0.160
- 4+ 1.00  +1.00  *2.00 +0.010

0.7 . 97.50. 100.50, 106.50  0.220
d " 4+.1.00 '+ 1,00 +1.00 +0.010

0.6 - 107.00  114.50  120.50 —
g o +1.00  #1.50 +2.50
3 o8 e e e e
‘:0, 0.4 g ' --;- : . __7 — .. —- |
‘:o_o 3 hattd “ B S . —'—; ‘ .-

fi‘f#vﬁﬁﬁbglpy df Fuéion
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~ ‘,'rable 5, ,20 meparlson of Gelatlmzatmn Cnaractenstlcs of Some meat and

Trop1cal Root Starches )

N

]

" Type of Stércﬁ

Onsetx

" Peak*

nthalpy* of Fusion
cal/g starch’

’Whéat:

| cv.‘Neepaya
\icy;hfiélder:'

,‘Qésgaval' -

xenynnnév;.

S 4

| Fijian,cv.

| Sweet potato"‘ 0
", Porto R1coj’af

-.JCEntennlal:cv;f

: '~Georg1a Red

B Arrowroot
o Kenyan cv.  “

. Tare

50.08+0.91

- '50.12+1:21

l53-2o40'9o -

"'59 16+2 61"”

| 52.72+1.89
153.63f1;01',7

. 62.02¢0.81

?60v72+0197 .
. 61 88+0.995

74 69+O 38 Q 78 60+0 42

55.18+0. 82

55.36+1.18

| 58.8441.28

1.65;421@(92

f

- 57.9240.59

61.58+1.69

| 66.4741.14

*]f67‘48+0536_f5

'n’ies 7341, 32;'

60.90+2.02

61.2241.79

© 66.38+2.90

74.5412.80

e

-765 50+40. 71
“70.16+2 59
- 72. 2o+3 08'

'69 4841 65

\

84 35+1 79’

- 0.66+0.10

0.20+0.31

/ A |

TN

. 3.4940.08
2.5940.20

3.3240.86

4931022
4.5640.19

6.3840.35

")

’Tf *At water fractlon

o 7. , l.'f}
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SWSW had similar endotherms, with an onset- temperature of
so'°c, a peak of 55.3°C, and an end of 61°C. ,

« Root starches had hlgher enthalpleg of fu51on thanéroot
’starches ranging. from 0.3 cal/g starch Dwﬁ}for v,-O 4 in yam
~to 6.38, cal/g starch in taro at v,=0.7 for the "G" |
endotherm. The enthalpy of fusion was highest in arrowroot
and taro starches, 1nd1cat1ng stronger forces wlthlm thelr
granules than in other starches. Low enthalpy was found for
the wheat starches; 0 66 and 0.20 cal/qg of starch DWB for
ch. Neepawa and Fielder respectlvely

| The gelat1n1zatlon endotherm "G" was sh0uldered by
crystalllte melting endotherm M, between v, =0, 3 0. 7 ThevM,
“endotherm became greater at the expense of the "G" endotherm
as v, decreased. _‘ | u
The M, onset, _peak and end of~gelatinization:‘

temperatures were 1rregular and not as well deflned as for

}‘Wheat starches, but not root starches,

.the "G“ endotherm
had an add1t1onal endotherm Mz near 100 C reveallng the

-;presence of starch lipid- clathrates (Flgure 5. 13, and_Table* :
5.19). Onset peak and'end,ofvgelat1nl;atlon temperatures

ffor‘the M. were‘also irreéular'(Table15‘19) Its enthalpy of .

J“ﬁfusxon was small rangxng from 0 023 to 0. 06 cal/g of o

‘ [:starch DWB for cv Flelder and 0 16 to 0 22 for cv.»Neepawa

'5adfor v,-D 7.; '-l'v’ _pj] i;i"” vflﬂ:‘ffi;-ttd”f-; Lffl B

Data 1n Table 5. 20 compare the gelatlnlzatlon endotherm

'-_characterlstlcs of wheat and root starches. Cassava starch

rit'of Kenyan or1g1n and sweet potato starch, V.. Porto r1co,_if5{*,ph



ar® e

" 'had gelatinization properties close to wheat starch.
‘ .v; ' . . )
5,2;4 Retrogradatjon,offGels

i
\

5.2.4.1 DSCTher'mogPams .
| Retrogradat1on of starch gels, as’ revealed by DSC
ﬁ} thermograms for arrowroot, cassava,-sweet potato,vtaro and
wheat (cvs. Flelder and Neepawa) 1s presented 1n F1gures
5.14-5.16. R /
It was observed that 60% fresh gels d1d not have any Z e
DSC endotherms. The root starches after two days of storage i
| "showed the presence of‘an endotherm between 50 60 C The |
ﬁ1ntens1ty of the endotherm 1ncreased w1th aglng t1me s'?ﬁfﬁiﬁd
"(F1gures 5 14-5, 15) The wheat starches dld not show any' ]
__endotherm development unt1l after the 6th day 1n storage at‘

s Arrowroot, cassava and sweet potato gels exhlblted affhff;
hE secohd set of endotherms between 90 100 C for arrowroot,

’__}78 83 C for cassava and 75 80 C for s§§§tigptato.vThese

were absent in gels of taro, yam and whﬁat starches. f,;ff'q“ﬁ

5 2. 4 2 x Ray szfraét ion pattenns,’

ﬂf& ray d1ffractograms for cassava andfwheat (cvt.iphfﬁh;=ﬁf

':?Neepawa) starch gels 1n F1gures 5 ﬂ? and 5 18 show that the
}:ix-ray d1ffract10n patterﬁs became sharper and more defined d

Vf.w1th storage t1me.=bvi

e

.ei;;%ti___
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. Figure 5.1
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v'\) “
}
w\
B eeaeaTa
— S S RESs =
lCASSAVA starch ===—==
= =
K/‘Z . 'j“«" " ==
e starch
aging, days
{ :.::::l.

Fresh - 7“

oiffra‘étign'angle‘, 20

x Ray lefractograms of Gelatanzed Starch Gels
as a Function of Storage Time .

Voo



159

T \
. . * puodes uwa. S3IDdAD U} A3ISUIIUT BUIT UOFIORIIITdwes
h *s31Un wWoishuy .5 sbuyords uﬂ:ﬂ.&ﬂ:n ‘Dun
‘uo132e1331p 3O atbue ay3y jo mwohmoc‘¢uopu omL ‘6zs
, L bzz essece 1959z .
. 1eZ  668b°E £26°SZ ‘.:N. ﬁo.wm.m 95£°LZ )
1ZZ 08SC°t E.m. Lz B 62 EV6L'E 11 4 A XA 182 T01L Lm mwm.m~ 122 sLzi'e ovm,.mm ) t
vLE 1950°V €16°12 wmm (0,210 0 / .Sh.am S9¢ mmvo.e. $86°1C 143 €Lt zoe°te
8Ly vriS°r S99°61 ) No_.v |44 4 LOZ *0C Sed 8905 V. . 869°61 \.Nv‘ hmm.,v.v T6L°61
9Ly £6vI°s oLz Ll wm”m mmmm.m v99°22Z 8lv LLS Y Nmmpma 228 4 2886V Hoh.h.—. (414 wvwm.v 19€°61 °
13 %7 8199°S  82Z2°91 .Q.m 69€T Y 0By~ 12 Aho.v £620°S vm.w.hﬁ Lot vZ8Z°S mmh.wa 61y 9Z61°S SLo°LI N
19¢ L916°S tL6°bI1 9ty  SLSh°V 816°61 10V L9LZ" s 108°91 (0743 Am(mﬂ..,.w 898°r1 WWN mvww.wr PHZoEl
YOZ SYEY'L $O6°TL - 86E  WHIT'S  OLTLT 10T  LEOT'L o9v-21 zoz . o9teL S9TUel 144 _mwﬁamo L16°6
s> g‘p e sdo gp & s g 'p o sdo g ‘p 8 7 awesdd ey ‘P
A3isuajug mu_mtwus : A3ysuaqur A3 suajur / , >u,qmc0ucm 3 SR
) , ,,, .
— , o 9. v z. yss13

- sheq *paby 199 yoaeag

\
\

pue uotrjieZTUT

yoieis eaesse) uedusay paby

3eT139 3JO suiajied uorideajjrq Ley-x 1z°g mHﬂNH



160

! I e Iots s onsthtes Mo piFll Cesve et cos: rerd recel sette sieb: SEC IRENISE

s - - ot DRNDS IRRINOSE

= Pt Lered senl Eeweb Poves oo Tasees ECTIITE R

Wheat : [t (et oo s e ts RILTIR
o T =

CVNeepava == == e

3 2% 22 1 14 ° & 2

D |ffract|on angle, 29

Fzgure 5.18. X-Ray . lefractograms of Gelat1n1zed Wheat, cv..

Neepawa Starch Gels as a Funct:on of Storage Time



I61

4

ﬂ,. - v
. L
- _
£V 6LIEE  BIPI9T S et
%.wm E¥E0°b  2€0°ZZ - 10E  BESL'E  BEYTET S e
. VEZ WIPZUE LTS°LZ 102 SO9T'E  SEZ°8Z  T8E. 6WST'M. SBE'TZ  6SE . 0880'Y  6EL°TZ - ¥IZ - BE90°E . 9VI6Z . -
_ILE  9ve0'vy 990°TT  8LZ TIL9E  EVZMZ EIv. -OREE'P  S9TOZ  6OF.  EIOK'Y  SLI'OZ 9zy - OMES'V  6LST6T
oy  LSYP'¥ ZL6°6T  8IF  SZBETY €92°0C 9Zr  1999°  610°6T . LOb OOy  €6Z'6T . 9Tv.  "VEOL'Y . €¥B'BY .
1Sh  £E02°G. OPOLT  GBE  GEBO'S  SYYILT  Zwy  608T°S  wIT'LY 8OV T€TZ°G. - 800°LT . 8OV .. 1860°S SEE"LT-
08f  0S58°S ZETST . (Bf TEEZ'S ~ ZV6'9T- O6Z  62ZC°9  ZEZWI . OEE 122' EVpiST  €SE . DZLS'S . VOSST .
ZEC ¥O9T°9 LLETWT  LOZ OZ969 SILZT T8 6ISI9T LS | €0Z- 06ZT°L - 9WYZT T EWL .. - S9T19°8 - 992°Ol
sdo y‘'p ez s> " y‘p 6z sdd yp ez s> ¥ P 02 eseS30. sy tP 80T
Aysuaquy AJysusaulr - A3ysuajug Aatsuajug L ~Kysuaquy -
ot L9 v R ysexg -
sheg'peby tap wozeas .t N S T
yoiejs ‘emedasn "ad ‘3eaym paby
- pue pazTuUr}e[aD JO Suidjjled uorioeijyrg Ley-¥-zz'S I1qel -
. , . S -7 SN
Ll g




162

The data in Tables 5 21 and 5.22 show the d1 fraction

°

angle in "° (29)"; the 1nterplanar spac1ngs "d"'in’

“the 1nten51t1es in cycles per second ".of the;='

diffracted l1nes of character1st1c 1nterest wereathe peak5'

occurring in the ne1ghborhood of dlffractlon angles 17~ 19°

(26) ang 20-21° (29)

: : R
5.2.5 Complexing'with‘Monoglyceridesx

5. 2 5. 1 Analys:s of Monoglycemdes

i" and ;\

Infnared Spectr'a of C1s and C1| a-and ﬁ-CrystaNinity

MONOQ’ycenides. g

Infrared spectra absorpt1on bands of” the a-and

1 o B Crystallinlty form of C,, and C,. mqnoglycerldes are SR

presented in. Flgure 5 19 and Table 5 23

A

The absorptlon bands spec1f1c to only a- or‘~h“

- B- crystalllnlty forms of monoglycerzdes are presented in

.Table 5.24, v . S
| Accordlng to Chadman (1965), dlf
: types of 1-monoglycerldes prov1de d1fferent 1nfrared

'gspectra Qn the contrary, the zﬁusomer monoglycer1des have

“‘only one poiymorphlc formrﬁhence there 1s no. change in d]” -
fthelr 1nfrared spectra.f.,VIY = Q'd;;' "-fi‘drf'di'hif’”"

Flgure 5, 19 shows that a and ﬂ crysta111n1ty forms oit;;

i‘C,; and C,. monoglycerldes have S1m1lar 1nfrared s
ffThe bands at 1730 1740 cm ‘frepresent the carbony;

*,_fstretchlng of the ester groups The bands at 1460-ft}j5

‘representvfc_a hend;ngfof_methylene Knd methyl groups.;'l h??hdﬁ

i-ﬁf't p°1ym°rph1c
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Table‘5r24;Mbnéglyceride Infrared Spgctra Absorption Bands
~ Specific to the a or B-Crystallinity Forms

Type C-yq- Té_ o I L C-18

. B
Bands o © Bands .-

~°'_

. Rbsent _ Present Absent Present,. Absent PresthA"Absént Present

82, . w2 82 782

RV ) S Ty
oo e - g0 - T 83
"810‘ SRR . 8lo-
S5 a5 .
Come . ne |
e , | 1292
"vl272’l",i,i . | .h.~ v"'lé7j E
o | "':fizas R »'i o  »‘1269{, 
1265 165 L FE T
S e e,
 ;12bo~f'f:;'1zoo7_' ¢‘_' o e ;'
| 571329,7," ,l5f': —_— jjz"lﬁzg-”
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4

Symmetrlcal C H band of methyl groups occurs at 1380 cm"!

c-0 stretchlng of prlmary and secondary -0H groups occur at
'1050, 1064, and 1180 cm”* Bands ranglng from 940-995 cm- ';s
are due to C- C 51ngle bond stretch Rock1ng v1brat1ons of

the methylene group occur at 720 cm

In spite of~ s1m11ar1t1es, the ﬂ-crystall1n1ty form 1s

- characterlzed by the C-0- stretchlng of thexpr1mary -OH _
k Vs

groups at 1062" cm ,}Wh1ch is absent: in a- crystalllnlty

form The a- and ﬁ— forms are also dlfferentlated at 1705

t

cm" due to carbonyl water hydrogen bondlng whlch is.

g 3.

present onlyqln the s form. Hence, the presence or absenceig-

of these bands can be used to d1st1nqu1sh between the two
-dcrysta1f1n1ty forms of the monoglycerldes.w . f ,;.

o X= Ray lefnaction Patterns of a-and B-Crystalllnity Fopmsefff 1:
- fof C,, and C,. Mbnoglycenrdes ‘ | TR i' -
The X- ray dszractlon patterns of the monoélycerldes iy??d;}

i

‘“;are presented 1n Flgure 5 20 Corresponglng data are yfﬁf‘ffrtvhf

'presented 1n Tables 5 25 and 5 26

Medlum peaks at 6 048 or 6 141° (20) and very’strongif@;ef7f

gff*fQones at 21 316 or: 21 357° (26) were character1st1c of a- ejﬁ*"

g

-crysta111n1ty ffgg’;

.-

.;JC1€§ nd C,. mqnoglycerldes, The 5;idd;;;
;Edﬁlatter nad a““'; ra’ughk Pégk at 5. 3T£° (200, _.; S
S ﬁ' C1; had onlygone}weak peak at 10 1320 (29) Strong{}faif?
gtjf;peaks at 7 399° 512° (20) and very strong Peaks at 19 452f?hhtff
“'e and 22 601° (26),‘shouldered by swal%ef but very Strong o
iiiﬁgpeaks at 20 250 and 21 903° (20)5 R

SN P
LATITURCIN
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© Figure 5:20,X-Ray Dif

Mon oglycer i de ¢ - I T

- 167.

jiffraction angle/26 .

fractogians of aland f-C.i and Cuv.

oAl



Table 5. 25 X Ray Dxffractlon Patterns of a-‘ and ﬂ'

ﬂ Crystalhmty Forms of C,; Monoglycerlde

a-ClsMonoglyceride ” B-C Monoglycende

R PR

e Imtemsity oo LR Intensity

. 5:943“ff7 14 6126, “ ; 3271f373f;fi]37i:"5 s12 16 03274,4,-i;7456g3;ﬂf

";21i316’f;?;{: a.0682 957, g 399;"ﬂ]f 11 9474 Ff §ljf$59”§5ff

o 569f“[fif~f3o§233\;f*f"%338; " f4 ;'{_£ 10 132;f1}‘?£{:a 7301fjfi~ffji§iii}j{

ﬁ;zs 890ff75£..‘3;44131 ?-;ff1329 Q{f:'”.‘f}ifgll 1%

| ’“] 13 sos!.tffﬂi' :

4 'f’f:f*zo 2sorff‘77”"4"

strong (s) N cps 300

-mediim - (m). 200-399
weak (W) Q 200 AT ;w".-..' L
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'v}VTable 5 26 X Ray lefractlon Patterns of a= and[t

"-@;;5 CryStalllnltyiFormS of C1s Monoglycetldes o

.'g",

:*771‘ c-Cl8 anoglycerlde f?,f; f;;;E;f_‘ B-Cls Monoglycerlde e

:  'r¥-§}'-4;{ E Inten51ty ”:ffvﬁ}f ;6a’;j_{_~’ L Inten51ty

"

e

Los2 16635 62 5 465 16,1697 212

e “ﬁ}[14 3929 ;93,>f;jg;ﬂ  7. 266_«,’12.1666f_1 173

s masos aa T ';;0-703:’1 S B2ess 120 e

*11'19?5$2gllffq4 5378’ el 13462 65TI2 96

o2t 1604 / 1261_,;_.'52:.'::‘--_  715.990 . 5.5426 131,

v{,‘/.

i ?23 151_'_,}1_‘{ ‘!%:-3{8419 | az&‘i, 19‘--5'1'8' . ;v-.af-sbz.j i
“ V?ﬁ_;ééiiQZ,ffﬂ?73 0601 f}qiﬁispffiff,ijfffiﬂfzs 879;}f; 3, 3169ff»f1255T}7'g{'17'




L | ,,j= P ad'wg" 'a;s;17dﬁpgk
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' "B~ C,. x-ray dxfffactogram had more weak peaks than C,(
f,flocated at 7.266, 10,703 and 13 462° (29) ‘It had two |
"-_strong peaks gt 19 718 and 22 643° (28) wlthout the

©

_jexxstence of shoulder peaks as. obseved for 8- C,;.:; ny1;g:f%

Amylose Complexingﬁlndfces ;affi}]i}“sirﬁ_fiésgéffffiff

; Monolecerxde complexxng wffﬁ starches expnsSSed asvﬁfi
i.séefpercentage, 1s presented xn Flgures 5 21 and 5 22 for a—-and
 J{‘B =Ciys, and for C,. clth arrowreot starch The correspondzngfﬁg;f
“"efdata are Ptov1ded 1n Tables 5 27 and 5 28.5s_1£!ff'if i"
ne‘c ?; The percent complexxng 1nd1ces of a monoglycerxde for_fl
¢ estarch 1ncreased from ungelat1nlzed to gelat1n1zed and g

’if-_;solubllzzed starches..Monoglycerldes 1n the;r

( ~¢ga crystall1nﬁty were more”reactzve\than 1n the1r'¥

:fefﬁ crystall1n1tyforms The dxfferences between the two wer
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Arrowroot Starch 5 | .
+°'C16 Monoglyceride s
+Bdc 16 ” hafiadh )

Solubilized

Complexing - Index

| 60 ‘St_arch X
: T
50 S
40 '
=== Gelatinized
e="""7"" " starch
30
L
c ' —
o
o
‘ ©
2 20
' _ o "‘)Ungelatinized

-
-o“ C ko]

0 " 0-2 04 06 o8 10
Percent Monoglycerides

. . ' ' L . '
Figure 5,21, Arrowroot Starch Interaction with Type C,, -

~

Mohoglycerides
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Tapr 5.27.Percent Complexing Indices for thérlnteraction'of

:the a- Crysta111n1ty Forms of C,6 and C,a Monoglycerxdes with

Arrowroot Starch

e

Ungelatinized

—3—

Arrowroot Starch#*

\

Gelatinized Solubilized
' * % X . — .

% MG ‘16 C1e Ci6 C18 16 18
0.1 | 3.97+40.58%* 3.77+40.41 - 8.48+0.17 5.86+0.08 16.96+2.13 13.33+0.41
0.2 7.16+1.36 6.96+0.82 16.95+0,30 12.53+42.13 29.17+1.39 27.60+0.78
0.3  10.43+1.14 10.15+0.40 23.1040.77 16.23+0.82 37.5040.97 37.02+0.94
0.4  11.13+1.44 11.59+0.01 29.82+1.03 21.02+1.03 47.73+1.93 44.50+0.2]
0.5 11.72+1.25 12,2040.04 33.09+1.54 - 24.38+40.86 52.1840.25 49.71+0.61
0.8  12.03+1.36 12.46+0.00  35¢6431.03 31.45+40.21 - 64.3242.64 53.9440.45
1.0 12.2511.36 12.73:0.04 37. 42+o 57 34.20+0.82 - 70.18+1.03 - 55.75+0.96

" 4In this and following tables:

HCl at 40°¢ for 72 hrs.

**Complexing Index (A

680

.

Monoalyceride

ATA“ARA

| A | |

" where ATA, absorbanceGBQnmf starch amylose complex with 1od1ne,‘before starch'
interaction with fionoglycerides, and: ARA absorbance of residual amylose
complexed with iodine after starch 1nteract10n with monoglycereldes,,per gram_

dry matter 0funge1at1n1zed ge]at1n1zed or solubilized starch samp]es

nm), percent

!

'the starth was prevfously lihtneriZed'w;th'7;S%f‘



T ) X ) . ) . 173

Arrowrool‘smth . - 3 o o
+d.C MOﬂOdyC‘ﬂde — ) . ; : A . : .
+mcm e eee SR

&
50 .\ 5
x Solubilize{
Q /Starch
T iy
- £ ' . S
S ! )
40 r
30 .’\ . o
_ )Gelatinized

'Cbmplexlng

. 'Starch

. ‘gn ) "“"‘“""‘ c"
5 T | |
& . L - N PR . ’
S '\ﬂngelaﬁinized
1 - J/H,St_:arch SR
o 02 04 06 08 10 S
o Percent Monog‘vc/eﬂdes N

F1gure 5 22 Arrowroot Stsarch Interactlon wlth Type C,g

u e,

Monoglycer1de ol %f
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Tablo 5 28 Percent Complexlng Indlces for The Interactlon of'
"the ﬁ Crystalllnlty Forms of C,s and Cre Monoglycerldes wzth R

Arrowroot Starch o

N ) " 0, Y
* Arrowroot Starch

0 ungelatinized Gelatinized ‘Solubilized

G

s

Cig

Cle,

Cis

e

16 ‘

‘18

‘o 2.
0.3
04
0.5
0.8 .

. g\lo()

- 1.67+0.58 1

2. 87?+d 81

406+106

. 5. 25+1 31

-

 5:90+1429
7.64+0,82

| 8.3340.81

1.37+0.01
2.6740.39,

" 4.1740.05 .

5.14+0.06

6.1340.16

7.29+0.07

' 7.4440.09

4.87+0.24

19.04+1.15

12.8141.26

19.64+2.18

26.47+1.94

34.4742.11

142.21+3.32

3.60+0.91
8.05+0.06 -
12.0840.90

- 15.25+0.60

i8.4340.90

20.5540.09

+21.8240.90

10. ,2416.-_6'9_

15.36+0.45
2. 87+0.55
29.76¢0.45

' 36.5340.14.
51, 3‘510'.,'09

61.43+0.88

7.7841.06 .

15.91+0.87

] '23.38131..'30 i
- 29. sé_tz. 56
32.8442.41
35.36+1.54

39.3640.05
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Gallant et al ('1982‘) sltate‘d.’that'- ‘nativ'e;st;rcﬁés have i
elther an-A, B, or c X-ray dlffractlon pattern, Pattern A 'ft;
s -eommorily ! g1ven by cereal starches and is referred tO”aSigf .
i:the cereal type .,The B pattern occurs malnly 1n tuberp°;h jﬁt,
.starches and is referred to as the 'tuber tYpe_, The C e

_ pattern is Lntermedrate between A and B

P

The A pattern has two peaks between 16 and 18° (29)

'and one. peak at 24 (29) Type B pattern has one peak at at

7.r17 (26) and two peaks at 23 and 24, and one at 5 44 (20) }ﬁ
. If fat amylose complexes are present, they glve an - f@gf??
;7X—ray pattern w1th a strong peak at 4. 4 X d,spac1ng 4.,;¥;;;fd‘~
i(Varrlano-Marston et al 1980) Amylose 1nteract1on wrth
,surfactants or- monoglycer1des g1ve the vetype X-ray }e;,ﬁhyaf.

a:diffractxon pattern.‘It 1s character1sed by another strong

at:peak at d spaC1ng of 6 8 A (Gh1a51 et al 1982) ]'r}f“iﬁtﬁ;afh
X ray dlffractograms of ungelatlnlzed gelatlnlzed |

'and solublllzed arrowroot starch w1th ‘a- C1. monoglycerlde‘:;flg7

:are)presented 1n Flgure 5 23 The correspondlng data for e

'?rjthe X—ray d1ffract1on patterns are prov1ded 1n Table 5 29

| _d' Slmllar pattegns for wheat (cv. Neepawa) starch are'

| rprov1ded in Flgure 5 24 and Table 5 30 f6r compar1son.3:

| X-ray dlffractograms to compare wheat (cv. Neepawa)

H*and yam starch clathrates w1th a-C,s and B- C1,ﬁn3f_f s

;monoglycerldes are glven 1n thure 5 25 and Tables 5 31 and



L Arrowroot starch
ek C16 MG .

P 30 zs ._ zo SRR ) 1° 5
S anfractuon angle 29 i
*lgure 5 23 X- Ray lefractograms of Arrowroot Starch ,
Clathrates WIth a- C,s Monoglycerlge ’ »8

w0 L ) PN
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‘“; Tahle 5 29 X~ Ray lefrhctlon Paﬁterns of Arrowroot Starch

S

Clathrates WItha C,s Monoglycerlde

'
-

_ : ' : ﬂirowroot Starch‘_ |
Ungelatinized  © (U Gelatinized | Solubilized

- - - T

L , Intensity L ;Inteh3§ty.~ L ,*,;IntgnsitY’
%2 d R Cps ."929‘ -4 R . cps’ 2 . -d, A CPs

¢

jgfgjéf 5'3.9057 148 >"~ 14.997‘.ﬂ 5.9073 389 47;1og19q";8‘sed§ | ;;87f'

« f'11;572;f 7.6469 191 = 17;140 5.1731 524;-' ié,g3§,<'s 9312 ' 199

14983 50127 dos - 17:633  5.0295 522 17;135; ;5§1746;_19299 .
7a1§,0467; '5.2015;,?J538j1»' 19.832 f4;§766; : 325 . 18.046 9186 277

. 19;é201l?.4;$246fi :33Q .‘. 25;326‘  3.3853 403 f'zo.oso:'fdgézs?ww»_;§7  )
'Q@Mf'1®m  @$ éLmé §ﬁé5 $x;\33n'dﬁ¢3 ¢@ ¢
-’ésf227a"'3;397q37{ 243 ,f;:'26.535'2".3:3591  a}224;:7_26;425"j;;3728 f a7

o 835‘” 3.0061 209 ' 31188 2.8678 a0

| 3o~352_ 2.9447 224
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‘ cv Neepava

Wheatstarqh | - - R
e lc " S

ungelatinized .
N ) .: :
gelatinized

s'o|_u bilized» o

30_' T . 20 15 10 8
lefractlon angle 29

F1gure 5 24. x Ray lefractograms of Wheat,- cv. Neepawa

Starch Clathrates with a- C16 Monoglycer1des

& -
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Table 5. 30 X-Ray- leffaCtlon Pattern§<of Wheat, cv, Neépawa"*

. Starch Clathrates wlth a= C,s Monoglycerldes

: | hheat}'CV.gNeepawé Starch
RN R . Co .

‘ Ungeiatinized ‘ . {fj‘ Gelatfniied S :  ,,.”Soiubi;iggd

o '.inﬁéns;ty ,: o ,4".‘Inteﬁsitylﬁ1 - ff, ;";Intéhsity,
Q% o 4, % ps | ° . d, & s %2 4, &  cps
. e N D LT

5.939 - 8.8989 ‘ilé.wv4~f;1;687 ",7.5720‘?‘£i§§, ;313.216:~;6;6§89, »ﬁiéiaf:
11,589 '7.6621. 155 12.614 7.0176 195 10968 5.9187 262
'155663R25-5.881§ 1~353 3 v15;274‘ 5;8067'_’f§pl*’v_16,9977 '$;21§3g}1 383:_:
17,082 "5.1908__;;445.1_7vi7.iaé"',s}i744 ;462_ ‘f17;710;} 5.0079 348
19.804  4.4830 359 ;9{?69i"' 4;49oej-'.458j  fig;sea»- 4}532éf" 325Qf
22,964 3.8727 388 22,4400 39619 36 22.58 3.9370 320
28 794{_7_3‘10051  193 '1'26.041;f513;42171f';234 .  23;?§5Lr[3;7408?"n.299:~:

2. 929, ; 2.9654 ; '2;4 3L 28496 220 28206 3.1637 163

Ny
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L5

*STARCH gelatinized

S'WF?Ja
NEEPAWA

I T A |
L I 0. 15 10

Drffracho& angle 29 S |

- F1gure 5 25 x Ray D1ffractograms of Gelatlnlzed Wheatr10y;f : .

Neepawa and Yam Starches Clathrates Wlth a- C,s ?nd ﬁ CHi 1.M¢ff:“

.
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: Table 5. 31 x Ray D;\Iractlon Patterns of Gelatlnlzed Wheat

:cv. NQEpawa Starch Clathrates w1th a~ and ﬁ C,,,,v;, S
;‘Monoglycerzdes ',‘-“5?‘fﬂf3j}ﬁi:¢;fg{jf}f3fﬂg(xfﬁff7f ?f‘:-§ij

“'Cla "°“°91Y°e“de AR a,.'fe-Cla NOnogIYCende e

Inten51ty
cps -.ﬁ"

ER 29:.?iifﬁdr:8;?,;; xCPS H;F%.5;61“§297ﬁ‘f]»f31.
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Table 5 32 X- Ray lefra‘ctlon Pat’terns bf Gelatlnlzed Yam

Starch Clathrates w1th B C,s and C,. Monoglycendes

Yam Starch, Gelatmlzed

B_ClG Monoglycenae e-cle Monoglycerlde

Cmsest 5 7553',' s "iS a7 OS 83867‘55’"’5 23
b E‘:’"-’-17 '350 e '5 1112 A a8 i - 17 055-"'_: 5 1988':' Cdgo

c23 228 _‘_{5':,&.f‘3'-x'8'2""92" o 23 353-?'-?""-‘_"'- 3. 8091_: L

26. 4713‘}," _3 %71 206 - 24 069'_‘,;"_14-;‘{3 6973-."\;? 171
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”FHQQ;S 2 6 Starch Affxnzty ior Gluten ‘

"?},ifdecllned to about 1 5 tlmes of the1i

"fe-hfully baked sy5tems.;¢_ ?f??tfkf;”

J-and solub1llzed cassava, sweet potato, taxo and yam

‘fﬁ:wheat starch clathrates. Thelr X-ray d1ffractogram/

fifpatterns are presented in Append1ces 17 24'm

-

° S ‘ L T . Lo
Clathrates obta&ﬁed from ungelat1n1zed, gelat:nlzeérgff-is

[N

PR Sta‘CheS Wlth a—C1. were found sxmllar to arrowroot or 5»”“

and

t

The x-ray d1ffract1on patterns as elwhole showed thatFi*ff

'the d1f£ractogram peaks became more def1ned when::f ij'”

&

szgeletxnlzatzon or solublllzatlon of the starch 'Some peaks:fflﬁ

'tffrorlg1na11y present 1n the ungelat1n1:ed&starch dlsappeared,;:f¥

°7ffor became d1m1n1shed 1n the gelatlnozed'and 501ub1112ed

lkffistarch Thls was observed 1n both root and wheat starch iw““hﬁ

el'fclathrates w1th the monOQIYCerldes.Afjffﬁfhfvﬁh

'.a



Table 5.33 Starch Affinity for Gluten

¢

N
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Starch

. a
s ) >

e

Percent Affinity

!

w

I'4

‘ Undenatured‘ Gluten

¢ #+ Ungelatinized

Starch
(A) *hk

'+ Gelatinized ‘

Starch
(B)

Denatured Gluten

+ Gelatinized
+ Starch
()

& .

.

" wheat (cv. Neepawa)*

X Wneat (cv. helder)**

.

31.82 + 3.99

24,91+ 0.81

. 88.61 + 1.79
'%9.57 + 175

45,11 + 0.78

41.29 + 0.39

v

Arrowroot 50.27 + 2.02 . 83.57 +2.86 41.01 + 1.33
Cassava . 4846 + 7.46  82.05 + 2.9 49.08 + 2.99
Taro -’ '41.37‘\3»_ 1.02° . 89.95 +1.60 40.99 + 1.48
Yam - ' 40.79 + 2,47 91.49 + 2,74 28.46\1’1..53
" Sweet p\otétd : - 3_9?‘92 +2.19 89.12 + 1.40 43.99 + 0.86
A S W - L 7‘
*CWRSW Canad1én Wresterr\ Red Sprlng meat |
**S«ISW Soft mnte Sprmg meat : g B , : -

*kkA represents the d‘ough B the early baklng, and C the fully baked stages of
breadnaking. ' .

1 .-
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Root starches doubled their dough affinity for gluten
values in early baking, hence equalling the wheat starches,

but declined to about their 1n1t1a1 values in fully baked

- stage. Except1ons vere arrowroot and yam whose aff1n1t1es

for vital gluten were lower in the fully baked system than

in the dough.
5.3 B. BREAD

5.3.1 Dough Rheologic§inP:opertie§
'FarinographicLrheological data‘for the root
starch/v1tal gluten comp051te doughs are presented in Table
5.34. 81m1lar data [for. wheat (cvs. Neepava and Flelder)
flours and their starch/v1tal gluten composite doughs are
provided in Tablevs 35. Representatlve farinograms for
starch/v1tal gluten doughs of arrowroot, cassava and wheat
(cv. Neepawa) are given in Flgures 5.26, 5 27, and 5.30
-fespectivelyf-For comparison, farlnograms for wheat (cvg{
Neepawa and Fielder) flours are also given in_figures 5.28
and 5.29. Correspondlng farlnograms for sweet potato, taro,

yam and wheat (cv. Flelder) starch/vital gluten composite

doughs are p:ovided“in Appendices 25-28. .

5.3.1.1 water Absorptzon ] II' {
| Percent water absorptlons of the various floursAare
included in Tables 5.34 and 5. 35 Arrowroot starch/v1tal
gluten comp051te flour had the ‘highest water absorpt1on

(80.5%) &hile SWSW (cv. Flelder) starch/vital gluten'
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composite fIOUr'had the lowest (54. 0%)’ Similar-composite
:flours w1th sweet potato, taro, and yam starches ‘had |
~ practically the same water absorpt1on (6& 4- 68 8% , which’
was s;mllar to absorptlon by CWRSW (cv. Neepawa) flour':kJ.i
(68.4%). Cassava starch/vztal gluten compos1te flour had
intermediate water absorptlon of 64 7%. Data in Table 5.35
" show that the wheat flours had h1gher absorptlons than |
}thelr correspondlng starch/v1tal gluten comp051tes but cv.
F1elder flour and its starch comp051te wlém v1tal gluten

_had lower water absorptlon than their CWRSW (cv. N%epawa)

counterparts.

F>
L

5.3. 1 2 Dough Physrco-Mechanical Pnoper'tles B

"

CWRSW (cv. Neepawa) flour had the longest arr1va1 t1me4

of 3.80 m1n., compared to the shortest arr1val t1me of O 80 o

min. for SWSW (cv. Flelder) flour._R/pt starch/v1talrgluten f
comp051te flours had longer arr1val times (2 0 3. 25 m1n )
than soft wheat flour,_but shorter than the correspondlng
‘time for'the hard wheat flour. The data ID prle 5 35 show
.further that, whereas CWRSW starch comp051te wlth v1tal
'f?gluten had 1nfer1or arrlval t1mes 1n compa:;sonfgg the

22 w'l

flour, the Opposlte was true for swsw s

.

Dough development tlmes for CWRSW flour (6 0 min. ) and ‘;3
‘plts starch/gluten comp051te (6 5 m1n ) were found to be e
| pract1cally the same. There was however 51gn1f1cant
"‘Li-dlfference between the development t1mes of SWSW flour
{1. 20 m1n ) and 1ts starch/gluten comp051te (3 50 m1n )

‘;Root starch/v1tal gluten comp051tes requ1red less t1me f“f‘



B R T

(3.50-4. 50 min- ) than CWRSW flour or 1ts starch/v1tal

gluten compoS1te to reach the same con51stency Arrowroot )

sta;ch/vztal gluten comp051te was the exceptlon, w1th a

development t1me of 7. 0 mln. Whereas F1e1der flour dough
requ1red a shorter time to reach 51m1lar cons1stenc1es asf;f*7

. the other doughs 1ts starch/v1tal gluten com9051te was

‘close to 51m1lar comp051tes 1nvolv1ng the root starches.

It was further observed that starch/gluten composztej |

dough of wheat starches had better stab111ty thaeﬁthe

respectlve flour doughs. The dough stablilty change of 0 9

A

min, for swsw flour to 7 5 mlno for 1ts starch comp051te-ff

‘lrw1th gluten w%s large. A 51m11ar change from 6. 70 mln.,for"t

flour to 11'75 mln. for starch/gluten Gomp051te dough was7f;?;

kgbserved foerWst hf".-tzﬁ' _ {ﬁf

Arrowroot and cassava starch composxtes w1th v1ta1

e Ko
. vgluten doughs were close 1n stab1l1ty to SWSW starch/v1tal

g

fgluten comp051te and CWRSW flour doughs. swsw flour dough i

,had the least stab111ty,\as shown 1n Table 5 35 CWRSW

- starch/v1tal gluten comp051te had the longest stablllty
-51(11 75 mln) Yam starch/v1tal gluten comp051te was close toff;?
h:iCWst w1th a stab111ty of 10 20 m1n. Of the root starch e
»f?comp051tes w1th v1tal gluten doughs taro starch had the

‘ﬁ?l?ast stab111ty (1 80 m1n) followed by sweet potato starchrtaﬂf

In relatlon to the m1x1ng tolerance, root starch/v1talh"';ﬂ

/

gluten doughs broke down faster 1n the1r con51sten01es than#fy*

. the CWRSW flour or 1ts starch or SWSW starch/v1tal gluten _ﬁﬁ,”“




composxte dough Comp051te doughs bf v1tal gluten wzth

lt

= sweet potato and taro starches had very poor btabi11t1es

(Table 5 34), as’ d1d swsw flour dough (Tables 5 35)

- N
g . 8 Lo &
: -' N : e ! . v : . )
AN
[N

J

S

' The dough and cr

- 5 3 2 Dough and Crumb Hydratxon Capac1t1es
b hydra§1on/capac1t1es are g1ven an,f'

,ratlon capag&;;gsrweregvery low as

compared to the1r crumb hydr t;on capac1t1es«

Tabie 5 35 All dough hy’

Arnbwroot_and_taro/vxtal gluten doughs had negat1ve

Ny

hihydratlon capac1t1es. The other doughs and all the1r bread'
o R ) v T
”"L]fcrumbs had p051t1ve hydratlon capac1t1e9 fﬁ .

o Wheat (cv F1e1der) and yam starch comp051tes w1th :
,l'ﬁ7?tdgluten dough% had the h&ghest hydratlon capac1t1es. It wasa;fh
z-rfthlobserved that wheat flour doughs had lowgr hydrat1on'lfe¥fﬂif'
lx'”iidftapaC1t1es than the1r respectlve starch/v1tal gluten :rlddk

‘:":;Ecomp051te dgughs. Furthermore, SWSW flour dough had hlgherffg
Ivﬂiiwi:d:hYdratlon capac1ty than the CWRSW flour dough A 51m1lar .

!*heifrelatlon was’ ev1dent An the case of th81f StafCh

fgfi?g%}Vltal/gluten doughs.,tffﬂf; '_4»57;,“ff;tf:_'ﬁﬂjgg"f

CWRSW (cv Neepawa) flour bread crumb had lower .
*-Q}hdjﬁfhydratlon capac ty than correspond1ng crumb from SWSW The"
| fdreverse relat1onsh1p was observed for the1r starch/v1tal

‘e.”fligluten comp051te bread crumbs. Although yam starch/v1tal
: ':/'.;:‘5‘. Vo N A.

:fjffgf ‘!gluten dough had hlgher hydrat1on capaC1ty than all others, ,ﬁb
- f‘r:;except SWSW starch/vztal glutpn dough 1ts crumb had the fdf;*

dfalowest hydratlon capaczty (2 65g/g DMB) The h1ghest J;tgs ;
.n.;hydraﬁlon capac1ty Of 6 557g/g DMB was OQtaJned fOf taro 'ﬂyiff
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starch/v1tal gluten bread crumb In all cases, hxgh

1ncrea5es 1n hydrat1on capac1ty from a change di dough to s
the crumb system were observed _P;é-vv U ey
. N : Ce e e e e

o 5 3 3 Fractaonal VOlume Increases o dl-f' :1ﬁffff;_djfﬂ=ﬂﬂf

Volume changes (cm ) from the dough to bread expressed

s ey v

Vi;{as a fractlon ofgthe or191na1 dough volume, are presented 1n

Bread from CWRSW;flour had the h1ghest fract1onal

nﬂfivolume 1ncrease (1 68 cmJ oflowed by SWSW flour (f 63 cm‘

H_The,comp051te‘of CWRSf?starch w1th v1tal gluten had'a h1gher _i}

'7;L;fraCt onal volume”increasev(1 49 cm ) than;the 1ncrease of

19 cm"obsefved for,swswvstarch/v1tal gluten compos1te.ea

&“-_u;Generally, wheat flours.and “tarch;compos‘tesawith gluten ;jif%“+

““ffﬁshowed hlgher volume changes from thefdough to the bread | i-,f

:{fthan the compOsutes of the roo‘ ,tarches w1th vatalfgluten.-ig,f*

”1?_Of the comp051te 1nv01v1ng-the root starches, arrowroot




T %*\Jo

‘Table 5.37 Fractional Volume Increases, cm’

i

<

198

V——Vo

'1ypé of Doégh—éread System : cm’
. . . Vo

wﬁeat‘fvlour, cv. Neepawa | 1.68 + 0.09
Flour, cv. Fielder e | 1.65 + 0.09
Neepawa starch ‘85% + gluten 15%* 1.49 + 0.23
'Fielder starch 85% + gluten 158 _ 1.19 + 0.19
Tropical starches 85% + gluten* 15%

Arrowrootv o : | 0.96 + 0.12

Cassava | 8,70 + 0.12

0.64 + 0.21

Sweet potato ' o
J o 0.49 + 0.13

Taro ) ‘ R 4

Yam . ' o 0.67 + 0.04

*Vvital gluten.

Volume of 50g of dough.

n

V volume of the bread ldaf.
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The microscopic surface properties of doughs derived
from the narious tropical rodt‘starch/vital gluten |
composites are presented in‘Plates 5.7, 5.8, and 5.9. In@
Plate 5.10 are portrayed dough surface properties of~wheat
(cvs. Neepawa and Fielder) flour dougns, while related
wheat starch/gluten composite dough surfaces are gi&en in
Plate 5.11, B o |
For each.samble, mierographsvof typical undisturbed
and fractured surfaces are provided. The fractured surface

micrographs elucidated the internal association between the.

gluten films and the starch granules (also see Plate 5.16).

5.3.4.2 Bread Crumb MicnOscoby

The tropical.qpot starch/viyal gluten composite bread
crumb.surfaces, as shonn by SEM‘ are presented in Plates
5.12 ana 5.13. Plates 5. 14 and 5. 15 show 51m11arly related
features of bread crumb surfaces of wheat, cv. Flelder ‘
starch/vital gluten, and ¢v. Neepawa starch/v1tal'gluten;

and their pure flours.

5.3. 4 3 Tnansmissron Electnon Microscopy of Dough and Bread

- Crumb ,
\.
Transm1951on electron mlcrographs -of arrowroot ,

i

‘_starch/v1tal gluten dBugh and bread crumb are presented in

- Plate 5 16 as an. example eluc1dat1ng the 1nternal

, .
assoc1at10n between gluten film and starch granules in the

dough and bread_crumb.vUnswollen starch gganulesiln_the,
‘dough and swollen gelatinizedjgrannleslin~the bread crumb

g



Plate 5.%.

2

SE-Micrographs of Arrowroot Starch/Vital Gluten
(a, b); and Taro Starch/Vital Gluten (c, d)

Compbs{ié Dough Surfaces. Typical Surfaces( a, x4,940;
¢, x1,260). Fractured Surfates (b, x4,9404 d, x1,210).






© 5

Plate 5.8. SE MlCI"OQY‘aphS of- Cassava Starch/V1ta1 Gluten -
(a_, b), and Sweet potato Starch/V1ta1 G]uten
(c, d) Dough Surfaces. Typ1ca1 Surfaces (a, x1,2603
¢, x5,110). Fractured ‘Surfaces(b, x1,280; d, x4,940).



L
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Plate 5.9. SE-Micrographs of Yam Starch/Vital Gluten Dough SQrfaces.
‘ TypicaTSu,rfaces (a,_;xl,'16,0", b, x3,010). Fractured
" Surfaces (b, x1,_2_40; d, x5,040)'." - S






Plate 5.10, SE-Micrographs of'Wheat,Acvs._Neepéwa (a, b), and Fielder

(c, d) Flour dough Surfates. Typical Surfaces (a, x2,510;"
c; x1,280). Fractured Surfaces (b, x2,420; d,‘x4,940),“






Plate 5.11.

SE?Microgréphs‘of Wheat,cv.,Fje]der(a,b,and‘c),;and '

“cv. Neepawa (d) Starch/Vité]teluten-Ddugh'Surfaces.
Typical Surfaces (a, x1,260; c, x5,110). Fractured
Surfaces (b, x1.250; d, x5,040).












Plate 5.13. QE-Micrographs of Bread Crumb Surfaces of Srach/Vita] Gluten
Composites-of Cassava- a, x1,700; Sweet potato- b, x1,700;
Taro-c, x8000; and Yam- d, x960.

3






o)

Plate 5.14. SE-Micrographs of Bread Crumb Surfaces of Wheat, cv. Fielder
Starch/Vital Gluten Composite-a, x1,600; b, x870; and its
Flour- ¢, 450; d, x1,600. ’

it
S

o






Plate- 5, 15 SE- M1crograp s of Bread Crumb Surfaces of Wheat,
. Neepawa tarch/V1ta1 G]uten Composite- a, -
x1,700, b, x920; and its Flour-c, x930, d, x1,700_.



wo




“Plate 5. 16 TE- M1crographs of Arrowroot Starch/V1ta] Gluten
' Dough (c and d, each x1000), and Bread Crumb
(2 and b, each x550) .






were observed to be embedded in the gluten matrix.

N

5.3.5 Bread Keeping Properties

5.3.5.1 Bread Crumb Compressibil ity
Bread crumb compressibility curves and data in the
presence and absence of monglyceride are presented in.
e'Figure 5.31 and Table 5.38‘fordcomposite crumb sconsisting

of vital gluten and starches.from arrowroot cassava, sweet

Rotato, taro and yam. Correspondlng curves and data for the

wheat starch flours and their starch/v1tal gluten
composites are given in F1gure“5.32 and Table 5.39.

Crumb compressibility was”observed to differ from one
typelof bread,to the other. In each case compressibility
'E'decreased'as'a functionvof'storage time towards a limit
reached after about 4 days storage in bread conta1n1ng no

.monoglycerlde and latter than 8 days storage in bread

contalnlng monoglycer1des. Monoglyceride used at 0.5% level,'

on flour basis reduced s1gn1ficantly the rate and extent of

f1rm1ng in the bread crumbs as ShOanln Figures 5.32 and
5.33.

In general, 1ncreases in compre551b111ty as a result
of the presence of monoglycer1de in the crumb were more
':'51gn1f1cant in the comp051tes of v1tal gluten with root
‘starches than-ln the crumbs of wheat flours’ and thelrv
starch/v1tal gluten composxtes. In presence of
monoglycerldes, crumb of yam. starch had the smallest

compre551b111ty, followed.by arrowroot, sweet potato,'taro

E 2
o+ .

?20:‘

.
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L rema1ned the most tender, followed by bread from taro, Y
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(after 3 days), and cassava. In the absence of
| monoglycerlde, yam- bread had the f1rmest crumb, followed'
»equally by sweet potato and cacsava starch/v1tal gluten

ﬂcompqs1tes.-Taro bread crumb followed by arrowroot bread

- j_crumbs, had the least compress1b111ty

In absence or presence of monoglycer1des, SWSW flour

“‘had f1rmer crumb than CWRSW A similar observat1on was madeﬁ

1.4

forgwheat starch/v1tal:gluten comp051tes.

| 5 3 5 2 Cnumb Penetnat lon Resi stance

Plots for crumb penetratlon re51stance to a- standard

1.probe and constant force as a functlon of storage t1me for L

the varlous troplcal root starch/v1tal gluten bread

'compos1tes are. presented in F1gure 5: 33 The correspondlng L

:wheat flour breads and thexr starch/v1tal gluten bread

comp051tes are glven 1n Flgure 5 34 and Table 5 41

The presence of monoglycerlde in the crumb reduced thlef?f

resastance to penetratlon of all crumbs as a: functlon of

‘p§t1me. The reductlon was s1gn1f1cant 1n all cases,,as ,K;' B

e .

. data- are prov1ded in Table 5 40. Slmllar plots and data forfl;

"1111ustrated in Figures 5 33 and‘% 34 g_5ir;'?*;§§'_if'"""

Among breads from the root staﬁches, arrowroot bread T

¢Awas the most tender, followed by yam"aafo' Cassava and 4¢y._¢

T

‘";sweet potato in- presence of monOglycerrdes When no

"monoglycerldes were 1ncorporated arrowroot bread st111

"7sweet potato yam and cassava, :ﬂ‘.f”
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For the wheat cases, CWRSW (cv. Neepawa) flour bread
containing monoglycerides, was more tender than hread from
the corresponding<swsw (cv. Fielder) flour. Similarly,
composite bread of starch and vitq} gluten ihvolving CWRSW
was more tender than corresponding bread from SWSW. The
effect of the presence of monoglycerides in the crumbs was
- more pronounced in the case of SWSW flour and starch/vital
gluten composites, than in the corresponding cases with
CWRSW.

With the exception of the CWRSW (cv. Neepawa) wheat
flour, the presence of monglyceride produced more” g
.pronounced effects in the root starch composites w1th
gluten than in the other cases 1nvolv1d;‘the CWRSW starch R

SWSW flour and starch. R e
. . g

5.3.5.3 X-Ray Diffraction Analysis

Retrogradation in bread crumbs as a functidn of |

storage time, followed by X-ray d1ffract10n c

M‘ana1y51s of starch isolated from the crumbs/durlng storag
'i@bportrayed in Figures 5.35-5.38 for compbsite bread from
vital gluten and starch from_arrowroot,écassaVa, and wheat
'(cvs. Fielder and Neepawa) Figure 5 39 shows, for
-_compar1son, 51m1lar X-ray dlffractograms for wheat (cv. = "
'Neepawa) flour. Correspond;ng data for the X- ra; | |
diffraction patterns are'giveh in Tablesc5.42>5;45.

: Similar xtray diffractograms and patternsifor starch
‘isolated'from agingAhread cru@bs made from‘taro, sweet

‘potato, and yam starches and from wheat (cv. Fielder)flour

r
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punelists"mean scores in Table 5.47 and B

i;eonjuncticn Vithf
‘ yptability _#n:scoraa in Table 5 50 1ndzcated that
UL bread fttributes vith greater ¢alcu1ated P-values
?*"?f :§o?trithed more extensively ta the quality differances

4&* A
: est IOGVﬁS and bqtuecn such loavqs and the e

ff}ﬁamonglf~‘h
f:{standardj heaf'flourbread.4“»w R N P T
S0 the acceptability scm:‘es Provided in 'rable 5 5° ""e/
'fiderlv‘d t:°m data in Table 5 47. In Table 5 51 are RS

suﬁmarizéﬁ the means ot the cores accorded to the L
i fff:ft breads studied.'The grand mean totals 1n the lasti;j

,ffow shov the order of preterence of the starch/vital gluten{ff

}°vbreads by the panelxsts. ,,';fi?»~7
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The differences observedoin ﬁractional volume increases °
- of the various breads could not be related to starch granule '
"fs1ze, amylose content,vstarch svelling power ot solubility. o :
| Relation with starch affin:ty for gluten,ves not, fully N

conclusive but 1t appeared that the ability of a dough to

retain air or proofing gas might have been more influential. RO

- ' /

6.16 Dough and Crumb Microstructure

6.16.1 Dough uicrostructure |

5cann1ng electron (SE) micrographs/of fermented snd
proofed dough surfaces prior/to placement into tbe oven for .
‘baking 1nd1cated that' starch granules, 1rrespective of th'
'source, vere capable of being coated Vlth a thin f11m of
-gluten. Bolder granule outlines retained by the toot zd”'

{

starches in their doughs appeared to suggest that root

starches were only thinly coated with a lem of gluten inrib

comparison to the vheat starch granules 1n pure or starchr "‘d.

. I
- composite flour doughs. Thls was supported further by the

- w

presence of thicker gluten coatings observed around wheatf?_wT;.»'“

-starch than ‘root starch granu es in fractured dough ‘

surfaces. '

_ Doughs from SWSW pure or stsrch/vztal gluten flours
exhibited lower fractional volume 1ncreases “than . - A
corresponding ‘doughs from CWRSW vhen baked to bread .This
might have been due to the presence of more pores observed

in the surfaces of SWSW than in CWRSW doughs, os revealeé by
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.ILSE-mlcroscopy. The same technique also revealed that the
-SWSW starch was less cohesxvely assoclated with the gluten
matr1x than the CWRSW starch. This might also have
‘»fac111tated more loss of gases from the the SWSW doughs, -
resulting in- reduced fract:onal volume fhcreases for. swsw
;»than CWRSW based dough breadﬁgystems. |
| Arrowroot and taro fractured dough surface
_4SE-m1crographs showed the existence of gluten splndle
bridges between starch granules. The granules were barely -
covered thh a th1n fxlm\of gluten. Aggregates of starch
granules were observed to be\better.coated with gluten than
others, Thls m1ght be explained by the large surface ‘area
possessed by the small starch granules (all <4um) in.
arrowroot and taro starch doughs. These could not be equally
coated w1th gluten, thus somet1mes resultlng in gluten film
. shredding and formation of spindle bridges betuegn/some —
| starch granules as observed. o ,\‘/" EE
CaSsava and sweet. potato starches'weri better coated o
.7w1th gluten, -as revealed by SEM of fractured surfaces of
Y their compos1te doughs. Although yam starch granules vere
Htevenly coated externally, the gluten 1ns1de the dough
appeared to have gathered ma1nly in the spaces" between the
"starch granules. This observatxon seemed to be a.response of
overstra1ned gluten films to predom1nant1y large granules of.
yam\starch, as further supported by 1ntergranu1ar flssures
obsérﬁed exteriorly in the in the gluten film coating.

\_
n



s,

‘ As a vhole, starch granules were best coated with
gluten in pure wheat flour doughs. Granule coating with |
gluten deterxorated in wheat sterch/vitel gluten doughs. ’

Coating of the root starches w1th gluten vas qu1te verxeble,

‘ v \\, | s s : 270”., :

'bexng more strained by domznance of very smell or very large _;‘:'

starch gram.x].e.'ss._._‘_r(D ,

6.16.2 Crumb chrostructure

. .o

Scanning electron mxcroscopy of the breed crumb

surfaces showed that ail root starches had geletxnized well o -'f

in the denatured gluten matrlx, formxng good crumb
structures comparable to wheat bread crumb ,
Whereas a weak wheat flour or compos:te of its B
starch/v1ta1 gluten flour produced weakly structured doughs :
.reflected in 1ess des1rable crumbs compared to doughs and |
crumbs from a strong wheat or 1ts starch/vital gluten
compos;te flour, as shown respectlvely by wheat, cvs. r'{
Fielder and‘Neepawai the observat1on w;th respect.to_the'dr;‘
root starch:composites with vital glutenrweS'differentrz
| Weaknesses seen. in the composzte doughs of the root.
starches wzth vital gluten seemed to dxsappear from their

bread crumbs, wh1ch vere of good qualzty compareble to good

‘\“wsheat bread crumbs. In fact root sterches Pdeuc‘d better

'bread‘c\\mbs than bread crumbs based -on wheat.}cv. Fielder
flour and starch/v1tal gluten compos1te. Th1s vas ettributed
to the hlgher swelllng power ‘of the root starchia vhxch

helped to strengthen the gluten matrxx structures
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o surroundxng the air-cells in the crumb The amylose provided
‘blby the hrgher solubility of ‘the root starches strengthened
‘.;’the crumbs by a cementxng actxon on retrogradat1on.‘ . '

| The tiny pores observed in SE-m1crographs of doughs ii.wf‘
(Evans et als 1981) ‘and in crumbs (Flem1ng and Sosulskx,
1978) were also observed 1n th1srstudy. The pores vere’ more
prevalent 1n uheat flour or starch.based doughs and crumbs
than in those of root starch Thls confxrmed the observat1on
that the root starches were more th1n1y coated w1th gluten
in the‘dough hence allowxng more- d1ffu51on of the gases
| from the doughs, whxle the thlcker gluten coatxngs observed
on starch granules in wheat flou; or starch/v1ta1 gluten
doughs encouraged h1gher«pressure developFent in the air
cells in the doughs. The pores must have, formed as a means

of equa1121ng the pressure w1th1n the dxfferent air cells in,

‘ the dough and latter w1th1ﬁ'the developxng crumb durxng

--gbak1ng Th1s appeared to be supported by the presence of

more pores in the crumb ‘than 1n the dough as a response to
increased pressure wlthln the bread dur1ng baking as. the
*’temperature rose. ' 3 . |

Higher solubllxty of amylose 1n the root starches over
‘longer temperature ranges “than observed for the wheat :
starches ‘and - 1ts cement1ng 1nf1uence on the crumb on
'retrogradatxon mlght exp1a1n ‘why comp051te crumbs with root',
starches had fewer porbs than crumbs from the wheat bread.
Some of the root starch composzte crumbs, as in arrowroot

starch/v1ta1 bread crumb, had even fewer, but larger pores,



amyloSe-gluten matrix comples\between ;he air cells. ’Lifff%{;’

: exploding only occasionally end leaving behinﬂ only e £eu**:*"3’

large pores.« hxs observation mlght also explain uhy
arrowroot/vztal gluten composite bread had the higé‘st
fractxonal\volume increase amongst all the brdads based;on

o e e

the root starches.;"

5. 17 Transmxssion Electron N:croscopy o! Dough and Cruab?

Representative transmiss;on electron micro'ranhs. 8

T

T . L

made from arrowroot starch/v1ta1 gluten dough and crumb{
(Blate 5. 16) T _ h :_‘ | |

. Indxvxdual starch granules as uell as agqregates,"“ v
surrounded thh f:lms of gluten, were observed both xn the hi{f{
dough end 1n the crumb 0bservat1ons made {n the fﬁfa@ﬁﬁffff;g;e
TE mxcrographs corroborated those made in the SE-m;croéraphbif?t
of the\fractured dough surface, already d:scussed above. ) Y

,nIn add1t1on, the TE-m:crographs showed that, although
* the starch granules had-been previously graded as all being.ff%f
less than 4um, they were of d:fferent Sizes even in their QQFQ‘}

[
DN T e

geJatlnlzed state. Sect1ons through the air cell walls o

7 showed that they were l1ned wzth starch granules embedded in*"'_f.j

S
the gluten matr:x as prevxously observed by Burhams and

Clapp (1942), Baker and Mize (1946), Sandstedt et al..(1954)'7,

and, Hanssen (1957) i_" 'f S l;}ffﬂfofﬂi*ff\;éfaﬁj‘-*
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5 18 lread Kbeping<Qua1itie:

R .(-'

.

. Bread keeping qua11t1es 1n the presence and absence of
monoglycer:de,»1nvestxgated through crumb compre551b111ty,

resistance to penetration and x-ray d1ffraction analysxs of

lﬂFCfYStallinity development 1n starches 1solated from aged

| 'crumbs, prov1ded complementary results

EILNY
A

Incorporatzon of monoglycerlde.ln the bread formulat1on ;

"=T;i1ncreased crumb softness, resultxng in 1ncreased crumb

“zfgjcompressxbzlity, but reduced resxstance to penetratlono NO

monoglycer1de was 1nc1uded in the brea formulatxon for

’;ﬁfx-ray analysxs of aged stargh 1solated\from the bread

p'e-relat1ve crystallxn1ty development in

| compre551b111ty of the crumb and its resxstance to

o crumbs.‘Thls was necessary in o@ﬂer toldetermxne the

he different

‘rstarchess followed by establlshment of the role played by

.>starch granule 1nterna1 crystall1n1ty 1n bread f1rm1ng.

olub1l1ty and behav:or of the solub111zed amylose

}

’appeared to be the main factors 1nfluenc1ng ‘the .

. .

| penetrat1on

td

/g In the absence of monoglycerlde, yam starch/vxtal

vfgluten crumb requ1red the haghest compress;on force and had
p ﬁagh penetrat1on resxstance, Just below that for cassava |
i{/starch/v1ta1 gluten bread. Cassava starch had the h1ghest
/ solublllty Retrogradatlon of the solub111zed am lose‘ |

: '7rendered the crumb f1rm..Compress1b1l1ty and. crumb

N

res1stance to penetrat1on exhlbxted by its ctumb were in

greement w1th tﬁg views, of SChoch (1965) Yam had

&

P4



Y

L]

f in strength to K sxmzlar network made from.a 1arger quantity‘ G

bfl showed that yam starch retrograded relativeLy faster than Ry

. more amylose toa greater extent.e_;_ﬁfa»,

3

‘ monoglycer:de as shown by crumb compressib1b1ty (and next

o

e S L S e e . } o . ) -
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S s oo e e e e T b R

comparatxvely much lower solubility than cassava atarch. !am t].
starch behavior revealed by xts orumb compreseibility and
resiStance to penetratxon tests 1mplied that yam amylose {{;;?f

retrograded more f;rmly. establxshang a rigid network close'

cassava starCh ﬂi “d:li' lg.“epohjffmh;sz;Q,;”.Ltuj __,\

g . . . . FE . oL \{.

e Yam starch bread became the softest xn presence °f

C,, at 0. 5% tended to support this observat}on Larger_fnrdfu
granule 51ze 1n yam starch m1ght also have enabled more

monoglycerzde to penetrate the granules and hence 1mmob111ze

Arrowroot starch granules, aLthOugh as small as taro -
| starch granules were more porous and soluble._Their abil1ty
to g1ve soft crumb 1p the presence of monoglyceride (but
f1rmer than taro starch bread crumhs 1n the absence of

0

’ m°"°gl"°°’id") "‘aY be d“e t°"the higher solubility of oy

arrowroot starch prov1d1ng more amylose, uhzch on
4

retrogradatxon resulted 1n fzrmer crumb for arrow?oot than

for taro bread crumbs. A szmzlar argument for cassava and ‘f'gﬁ
[ v : e Do




;“L crystallinity development 1n the starch granules durrng

“ o

x-ray dxffraction patterns shoned that relative rate of

%

1

ecrumb ag;ng was hxghest 1n yam followed by sweet potato
R

“w;ﬁ starches. It was sl:ghtly/sl wer in arrowrogt than 1n sweet e

pOtato starches, dropplng foA taro, and bexng least 1n ;”‘"
cassava starch Compressszl;ty and crumb penetratlon tests'_"

proved however that crysta111n1ty development in the starchf

granules wzth1n the crumbs was less s1gn1f1cant in '
{ T -
contrlbutzng to crumb f1rmness dur1ng agxng than =T

’retrogradat1on of solubllxsed amylose in- the 1ntergranular .
A0 S .
gluten matrzx in the crumb

3

Crumb mxcrostructure and aff1n1ty of starch for gluten S

!{ in. the crumb revealed that CWRSW flour: and starch/v;tal
:gluten crumbs should be flrmer than sxm1lar crumbs based on

swsw flour and 1ts starch/v1ta1 gluten compos1te. These _

pohservatxons vere contradlcted by ‘crumb compre551b1l1ty and_: :

: i - .
“re51stance to penetrat1on tests. The contradlctron could be

f;explalned 1n a 51m11ar manner as presented above for the
sroot starch/vxtal gluten compos1te crumbs, since swsw starchr
.fhad h1gher solub111ty than CWRSW starch ‘

| Medcalf (1968) and Kulp (1973) reported that starches
lfhagh 1n amylose content were more r651stant to

:‘:gelatxnlzat1on hence had smaller syelllng power. ‘This vas

‘t‘irobserved to be tfue for CWRSW starch, which had a hxgher

n +

}’f:amylose content and a lovfr swelling power than SWSW starch,

‘f;with a lower amylose content. Thls might explaln further the

i

ju'?*fact that crumBs from CWRSW flour and starch were more

»

(s . 5
L ‘ e
ow



,tender than bread erumbs from swsz tlod? and stnrch.J}dify”ﬁl
_'lfigelatznized CWRSW starch developed cryetallinity fasten
‘lf;;dur1ng ag1ng than gelatinxzed SWSW starch ”§u€h ‘  Lo
ﬁifcryetallin1ty development in wheat starch granules ves also.
u{ffound to contribute much less towards crumb firming than Jqf?f
f};retrogreded emylose, as revealed by extent of starch-fﬁﬂ-e?.n
,fsolub111ty and 1ts influence .on.; crumb compres
‘ resistance to penetrat1on._u€}p;”i1fjlﬁfﬂfﬁ?”fgfhsfﬁﬂéyf':fﬁri

R TR U

7 '6.19 Bread Quality Evaluation ~ = . . |

A\'comp051te flours had largger volumes thansimilar breads from~
-attr1buted to super1or gluten qua11ty end quantity 1n CWRSW

~-i"£lour, and also due to low solubilty assoc1ated vith its -

'fermentatxon apd oven r1se stages of breed makxng then in

"th°se cases 1"V°1V1n9 SWSW. flour and starch beeed breads-fﬂ{i'k

fStarch size dzstribution did not appear to heve eny

’_1nf1uence on loaf volume. swell1ng poner d;d not give e

BE.

x-ray diffraction analysxs‘bge;n showed that

dibllity end-f i

N3

. .(: 'Ab ‘ N

©
..“4

6. 19‘1 Loaf Volume

Breads from CWRSW pure, and starch/vxtal gluten

' ._*swsﬁ pure, and starch/vital gluten composlte flours This wae*ﬁf*

dyistarch,lresultang 1n formatxon o£ less rxgzd dough and.crumbfﬂ,f

/structures more prone to expansxon by gases durxng(;¢f13%'

1t wae s1m11ar1y observed for root stdrches thet starchf-

solublllty and extent of rxgid1ty assocxated with soluble

zu'amylose on retrog:adation had influence on loaf vjhumes.i;,,{*~”

el ' PR . ; .
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3

spplementatxon of the comp051te starch flours w1th a R

\

“ It seemed that low score for a characterltlc dxd not

”5 1nd1cate non-acceptabxlzty, hut that the panelxsts V1ewed

that characterzst1c 1n the composlte bread to be dlfferent ;,f7‘

e

from the standard wheatjgréad Composrte bread 1nterna1
\

propertzes were however vzewed as be:ng close to wheat

bread. Since these are 1mportant propert1es of bread, 1t

| appeared that root“starches,,especzaslly from cassava. have

217

a good potent1a1 of bexng used to produce comp051te breadsf,

81m1lar in. qualzty to wheat bread Thxs f1nd1ng would

is 11m1ted and food products from root crops are commgh 1n-.

‘ the d1et Color of the crust and its character would .

certa1n1y need further 1mprovement to make the comp051te
breads more attract1ve.. | : | } N
Further development m1§ht mean establ;shing the proper

formulat1ons and bakzng cond1t1ons for composxte breads,_ a

iv"hlch appear not to be 1dent1cal w1th thgfe establ1sh§d for

\wheat bread Proper formulat1ons mlght require

fractlon of damaged starch a h1gher 1eve1 of sugar or

add1txon of a-ammylase Fermentaéxon per1od bak1ng

temperature ;%d time may also reQulre proper adjustment. ;f;3f¥ﬁ

Table 5. 52 is prov1ded as a f1na1 summary of aL; the [

results.:

. Jprobably ‘be of greater sxgn1f1cance where wheat avaxlah‘h1ty

%]



ﬁ “mw@fm.mﬁfnmﬁpwgi,ﬂm_fl,;dﬂ

>

{ways” punaaf - euﬁn!num.

ulusvﬂlldﬂ 1&65: oo RBﬂuQHN!a :Mﬂ!ﬁ@ﬂdx,ﬁlﬁﬂmﬂﬁwla._ .uqdmhﬁf@

T o 0% - €00
R S R L _.__ £00°0 -
o emoo o s el s ___,_..,.ns 0 . 900%0
e TR
’ L ﬂ. . . S »/ v‘ g o.. : :

ORI S ¥ i o ¥ oI

s (a2 ﬁEsa

oy . oNE f . SEE o0 ve o R

£10°0
0°€z
mﬂaa& ao..&a ,

eﬁ vmw leﬁ ~¢m0 :

e ﬁ

.”,.a.mﬁv?g
.\.,

o gtovp -
- nnN

g .ae w\uﬂl 9_._
nq.o uﬁna ﬂuﬂo Y.
o _.‘ \4&... N v

a, ,.Nn uwvuom&u uam *« ,

‘.u nt+ ug

n’ uo&ﬂﬁﬂ%. .ﬂ

| sopeTIeIcRTEp ﬁuﬁm 30 UOST.TEGD Zs°S o§




Y ] : gz

..,.Y.N.v,

el OO:,.,
281

D

otE

0wy
N..A.Hw.nv...a
S oo
e
o ser
ostez

. 0S°T6
- 08°0F"

,....a

o%

e

-y

T o.w_

hvw

1728
s'ey

B 2

8T

SO 4 13

k . ..,..Q-OQ

885

AHU.—.NV 0° QN._..

- 0°0F

‘Cﬁg 6" c/

Aguv ON.A

S*L

agw hw ,_”A

]

o

?.og 16°8.
e
TSy

- 9°88

871E

- u.%._

v s

it

e m..,.w.ﬁ.,,,



.7 692

“0%0sT

L 0%0s




281

.

Y : 0 o ) *TRATRTOO :o.mu:n!wnmo .
S A - 13 4 , 1 I9pI0 soUBJIajaxd “€f

LL'EY oL vy . £9°2S S0°¥9 . 18°%9 . ‘sTe3on

e i . . uean gum%ﬂdﬂ.b
o . ) A . ~ KIosueg  *z¢

. . ) (morz) 6£°8 - (womm) e100 - A
PE°0 . A ) “9E*0 SE'O . - $Z°0 -
. ‘ AT°0 (IMOo13) 80°0 . 3
8T°0 : T1°0 £1°0 ) sT°0 gz 0 . fu 4
. ) SQUNID PToO Lep 9
(TOT13) %0°0 (™O13) Z0°0" ’ ,
.. 100 «§0°0 ¥0°0. $0°0 X - €00 T . . Bm-
i T i . B AH:Dﬁ.B £€0°0 ~ (mMOT3) Z0°0 - a
-20°0 €0°0 - £0°0 900 _ £€0°0 , oy

“ . R R SCUINIOD ysaxy
| * - . (o

_ 4 . : " /30103 BY) soumsysax
) - . wmnenausd Qo) °Ic






ot ?a_ ) . iggﬂ
conclusive direct~e£fect Some available evidence indicated
that decreas1ng amylose content vas accompanzed by an

1
1ncrease in loaf volume.

1

s

. 6.19.2 Sensory Panel Tastxng and Statistacal !valuatxon

Composxte breads of root starches thh vztal gluten

- appeared to be. s1m1lar to those studied and reported by sz

'and Ruiter (1969) Ciacco and D' Appolonia (1977) and
' Olatun31 and Ak1nrele (192d).

-Those COnsidereddin this’studyfreceivedelower aensoryr’
tasting scores than the standard wheat bread especially in,
"thexr external: propertxes, of whzch the color of the crust
scored the least. Their 1nterna1 characterzst1cs rece1ved
more than average acceptab111ty rat1ngs. Cassava starch |
bread scored con51stently h1gher than anyrother'root Starch‘v
breads, in both 1ts external and internal loaf propertxes.
| Ana1y51s of variance showed that loaves of dszerent
breads actually differed in the1r characterzstxcs. The.
organolept1c tests vere ,however, subject to the panelxsts'.
5ubconsc1ous b1as , as the majorxty of them were foreign to
ed1ble products from root crops.,It 15 poss1ble that results
of the same sensory tastlng m:ght be sxgn1f1cantly
d1fferent1£ performed by peole to whom the composzte breads

nght mean 1mprovement or attractxve alternat1ves 1n their .

3
usual diet. . é"t‘



1. coucnusxons¥
, All starch granules were found to be characterzst1ca11y
B d1§t1ngu1shable in their size and morphology, amf&ose and
mineral contents, swelling pover and solubullty,vﬁiscoaxty
" and gelatinization ptoperties,’aa well as in their}abilitgi g"
to retrograde in aged gels and bread crumbsu )
Retrogradat1on of leached out amylose was more .
respon51b1e than crysta111n1ty development in. starch grains °
for crumb firming dur1yg aglng The presence of
'monoglycer1des at the opt1ma1 level of 0.5% on starch dry
weight basis produced a softén1ng‘effect }n all Eases. The
effect Vafied significantly with the type of star;ht

MonoleCerides in their a- but not B-crystallinity form
were found to be,mote reactive with the starches, Glycerol
‘monopalmitate (Cyg) was'}ound to clathrate more than
glycerol monostearate kC1.) with the starches. Solubilized
stafohes reacted most while ungelatinized one reacted least
with the monoglycerides. The reaction with gelatin{zed
starches was 1nterm1date'under the same cond1t1ons.

H1ghest affinity of starch for gluben in early bak1ng
was advantageous in ensuring maximum associaton between the .
| starch and the gluten before the gluten'became fully _
denatured at higher temperatures during baking. Low atfinity
of staroh for gluten in fully baked systems was found to.

encourage the develbpmemt of looser crumbs, which was found

to be advantageous in bread ‘keeping qualities.

+

+ 283
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Predominantly large or'small Starch granu1e size
dlstrxbutlon in the flour promoted water absorptxon by the
flour. This was found to be related to the high water
b1nd1ng capacxtles possessed by starcheS'predomlnated by
e1ther large or small starch granules. Very close
assoc1at1on between the starch granules and the gluten
reduced‘water absorpt:on by the flour. “

vital gluten/starch doughs reached s1m11ar- B

conszstenczes as Canadzan western red sprxng vheat flour

dough, but in shodter times, and thh better starbxl;t:es. ”"'

This was foundﬁ{o be in agreement thh the hlgherfstarch
gluten observed for root starches than wheat

affinity for-

| starches 1n the’ dough Root starch doughs , however,
d151ntegrated faster on cont1nued m1x1ng due to root :
starches be1ng only th1nly coated w1th gluten f1lm, and .'d
»1nherrent weaknesses ex;st1ng at the root_starchv | |
granules—gluten‘film interfaces. ! : | | |

'Root starch/vital gluten doughs had better-miking“
properties. than F1e1der wheat flour. Ddﬁgh strength vas
found to depend on the nature of the gluten as well as the
starch gluten film surface 1nteract1ons.

Dough and. crumb m1crostructure were found to be
s1gn1f1cantly 1nf1uenced by starch granule size, swellzng
| power, solub111ty, gas formation ab111ty and the capacity of/
the dough to retaxn the gases durzng mixing, fermentation,,

‘proofxng and oven rase. The absence of’ damaged starch in tha

root starch/v1tal gluten composite flours and weaker dough '



285
structure in the presence of root starches resulted in
smailer loaf volumes observed in their compoS1tes breeds as

' compared to wheat flour or starch/vital gluten compos1te'

"breads.

Doughhand Crumb hydration-capacities wereinegatively'
;influenced by 1ncreasxng amylose content of the starch.
‘Predom1nance of large granule szze promoted dough hydratxon
ncapacxty. The extent of gelat1nlzat1on, starch swelling
power,’ and solub1lty had posxt1ve 1nf1uences on ¢rumb 'f,
ihydrat1on capacxty.. . m. e

CWRS wheat starch with v1ta1 gluten produced the
‘bestcomposxte bread followed'by the compos1te bread‘
contalng SWSW starch Th1s appeared to prove that starch
from good bakxnd quality wheat had an 1nherrent ab111ty to
- combine better with gluten and produce~better quallty bread “
“than starch from poor bakxng quallty wheat Next to the
Awheat starch composxtes,\cassava starch/v1ta1 gluten bread
was Judged'organolept1ca11y the bestuamongst the compos;te |
}breads conta1n1ng root starches. Follow1ng in preference \
wvere breads contalnlng yam, sweet potato, taro and lastly
'arrowroot,starches.

| Bread loaf external properties vere the most 1imiting
factors in the organolept1c evaluation -of the compos1te
breadsvconta1n1ng the root,starches Color of the crust and
its'character were the most limiting. Since conditions
established for baking wheat flour bread were used in baking

7

N
these comp051te breads, it appeared espec1a11y for the



1 |
'_y‘composites vzth root starches, that investlgatxons to ___~f
festabl1sh proper formulat:ons and bak1ng condxtxons that

would 1mprove thexr sensory propertzes would be necessary

a6

Nevertheless, root starches, especially casssava, yam. sweety5v'h'=

~potato and taro, have a good potenczal of being used as

d1lutants of strong wheat flours, or bezng used along vith

v1ta1 gluten to produce good quality composxte breads.y?his:tiyg‘d ;

| development~wou1d probably be of greater signzfxcance in
‘countr1es where wheat avallabxllty is lxmited or food
.products from root crops are already popular.-lt would be
.much S0 eSpeCIally 1f the avaﬁlab1l1ty of composite breads

,would 1ead to 1mprovement in dxet at reasonably affordahle

Th1s study was concerned w1th model systems 1nvolving

only native Strarches instead of flours obta1ned from f;f

‘v‘

trop1ca1 root crops. It ‘has provided fundamental data which f .

can only be attrzbuted to, these starches, and vztal gluten .
s’

in baking. The would be . 1nterferences from the other

chemical compounds such as prote1ns, gums, sugars, fibre,

- ox1danfs“—pfgment5“*andrflsvor—substances natave ‘to- the '

trop1ca1 tubers, and hence present in the1r flours , vere G

thus avolded S1nce the - flours are predomxantly starch

(75- 85), thelr use in bakxng studxes thhfor example strong

wheat flours ,.or with v1tal gluten gu1ded by the flndxngs 5n-fiA:'

of thzs study would be worthwh11e. Chsnges in dough
rheolog:cal properties and bread organoleptic propert1es

‘would be erpected.
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APPENDIX 5

Oomplexing Indices (%) for the Interaction of t.he c-crystallinity Fbt%n of.

C,6 and C Monoglycerides with Cassava Starch

o stav& Star.ch

‘u‘mgelati‘nized | .;Gela'tirii’z;evd' o . 301@111*" T

o \ Ci6

Cis

7

E ;C.lﬁ

Cie

0.1

0.'2 :

0.3

0.4

0.5
0.8

1.0 ’

4.7540.26

6.2440.18
7.58+0.20
9.6740.15

11.05+0.07

12,09+0.74

9.9740.18

1.2440.22

2.3340.06
6.69+0.91
8.4740.06

10.1140.56

11.89+0.30

8.7440.11

11.6942.77
24.09+1.50 16.7142.89

38.0742.27

43 31+O.79

6. 19+3.27

409+4 55

49. 2446.54 ;

23.3742.31
26.53:0.80
13_5;1910.-49“

37.3040.47

8.6640.38

‘-~5a._oz_+_1_r=. 16

‘- '83 12«»0 62_;

28, 7z+o.23~ 14 62+o aoj":.f ~
47.93+1 11 2

6.8440. 19;","::'
4. 65+2-.47_- '

63.3011.85 - 60.8451.51
170.7340.73

V7e.7e+o 52

[70.41+1.37_' 
'75.1o+1.7o Sy
"‘76.36+2.86{7

4
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Bvcrystaliinity Form of

C,¢ ad C)g Monoglycerides With Cassava Starch
, oy ' Cassava Starch’

Ungelatinized Gelatinized " Solubilized
¥ Mo Ci6 ©18 . Ci6 Cig Ci6 18
0.0 1.85+0.09 1.2840.24  3.8040.01 1.75#0.25  9.50:0.88  4.6240.45
0.2 5.0880.01 - 2.70#0.27  6.75:0.13 3.65:0.75 13.4040.85 8.30+1.17
0.3 6.9640.19 4.1040:34  8.2340.06 5.53+1.61 15.40:0.85 11.2840.74
0.4  7.8340.08 5.47+0.23  9.88+0,01  7.03+1.52  17.7940.92 13.7o+1.3i\'

. — v — ) -— . — .

. o : ) B i : : \
05 8.5040.17 6.51#0.34 10.76+0.11° 7.92+1.61 . 18.4640.95: 15.9840.18 °
0.8 9.5040.11 8.36#0.23 11.94+0.24 11.73+1.53  19.4140.13 19.1241.72
1.0 9.95$0.06 8.7240.17 12.22+40.19 12.0041.43 20.3840.44 19:9441.72




APPENDIX 7

Complexing Indices (%) for the Interaction of the o-crystallinity !om of ’ffA :

6

and c Monoglycerides with Bueet Potat:o St.areh

$ MG

Ungeiatinized |

Gelatinized

Sweet Pbtato Starch

© Solubilized

16

: ClB'v :

S16

'°18 -

0.1
) 002

0.3

'09'4 ’

. 0.5

0.8

1.0

-2.9910.21.
- 5.24+0.86
» 7.354_@.21
' 7.80+0.14
8.5140.25
9.74+0.07

10.3640.14

”o.99+o 08
2. 34+o.15

3.5740.43

o

4.7140.61
5.7240.37

7.50+0.47

8.2340.07

- '11.1719.72"
27.2113.00}
38.0040.70
| 50.1'3_{_1.‘41
60.60+3.08
o
70.1740.18

| 9003_077
‘17;6;3_'1‘.24
25.1542.55
_ 3430_»_151
: ‘4b.'8411_.78. »
56.4241.20.
60.62+1.28

| 37.8204.19 3
51644420
59.9343.63
5. os+1.95fv'
68.42+2.80
T2.3745.58. 72
75.33H.19 7

,,130. 13+3.57
47 80+2.38
,56 2o+2.4o

62.86-*2. 50

68.01+2.—38’ |

73 901-120
58+1 19
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 APPENDIX 8. .
Complexing Indicgs (%) for the _Intera'.ct_ibn of the s-'crysta,nin'ity Form of
S =C.16’ and Cla' Monoglycerides With Sweet Potato Starch
~ Sweet Potato Starch « v -
Ungelatinized =~ . Gelatinized Solubilized _
tue - G €18 6 g  Ci6 G
0.494§.09 0.44$0.03  10.75:0.49  7.40+1.47 13.7042.69 10.38+1.49
0.2 0.9140.15 0.89+40.06  23.66+0.43 18.05+1.43 | 25.09+1.44 22.25+5.04
0.3 1.1940.20 1.1080.06  29.69+0:42 25.52#1.26  32.5610.19 30.2646.29
0.4 1.4340.24 1.2440.03 - 32.70+0.95 29.63:0.15 35.3611.36 35.5147.40 -
0.5 1.6540.18 1.7340.06  36.9040.23 33.7440.00 '38.93+40.16 - 38.3248.20
0.8 2.0840.13 1.9240.03  42.14+0.21 37.74+0.33 47.91#0.96 40.75+8.94
1.0 2.2040.06 2.1540.06  44.4240.42 138.90+41.65 52.5140.16 43.0748.94
. 4



APPENDIX 9

£ Indices (8) for the Intaraction of the a-Ctystallinity Fom of
i 16 and C18 Honoglycetides vmh ’rato Statch s sl T

brgelatinized

.? 'raro Starch

Gelatinlzed

: '

 solwbilizd

0.5

0.8

1o

10.89+1.75

1. 89+1 82
. 14 08+1 72.

14.7241.56

s

10440210
10.6842. s
11.9%2.81
12.4342.81

5.9741.41 1

8.4741.54

_ 1o.oz+o.74
15.200.75 -
. 20_,.'7711:';17"_ pt
26.8940.74 2
20.9942.32 25.2240.85
44,5240.16

9.75-!0.88"__,

14, 3a+o 53': 4
18. 3040 a2
21.8740. .57 5

31.0241:25 -

| 3s,7o~1. 5151’ ;?';"" ’

55.8110,61 -*l :

408081 3
47.6«0.58’2;1" 45.5140

1264040 49.5340.4
54.33+o.3o5i*. 2. HO{8
5649+073 340.22
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Complexing Indices (%) for the Interaction of the B-Crystallinit:y Form of
S 016 and C18 Monoglycerides With ‘raro starch _

~ Ungelatinized

'raro Sta}ch

Gelatinized

[V

16

c

18

Ci6-

‘18

 Solubilized =

16

o’
0.3
0.4
e

s, 69+1;41

' 4.6940.94.

Nz 0341, 16
}a ‘71+o 95 

-12.*_65_,»5;1.90,

1.19+0.00

12.23+0.21

3.4240.21
3.82¢1.34
536008
©7.5920.77

8.33+1,68

| 8.6340.42
11.0140.42 ..
13.2841.53

14.5310,'42

©19.1940.21

2.5240.15

4.7640.52

7.0440.46
8.8240.45

10.1740.57
118.0040. 21, 16.06+0.60.

118.74+1.26

7.6540.78
- ‘10.5_"210.15"8'
13.3941.16
15.7140:96
17.;76@.381
- 21321-_077

22,68+0.39

6.5741.73
19.8842,10.

13.0041.90
| i_“s,zsi:,';l |
117.0241.27
19.7040.84
20.8641.65




Coutplexing Indices (‘) for the interaction of ‘the kffj»',.i

16

APPE.NDIX 11

and Cla mlmrides Hith ‘Yom smmh

fPucn
0.2
0.3 7
o4
0.5 5
0.8

S 10,

.}3.46+0 07[

6.2240.17
7.2740.32 .6620.45
| 10.8942.27 4.0840.00 63.37-00.03

| 2'13*0 13 '."1-21*°~531:?.~-. 13.97+o.39

'?j’z.25+o 0

"fz7.95+o 52

| '4¢-8819o10’;*1{lz 8340.64 45

3.1940. 67;’_'.:1;*.1'5 2.6040.16'" 45.2
. .*.:‘0_.,-'27;

@ ss.ze+o. 35 55#540. 32

‘ g

'»4 oe+o,oo'

.,.ﬂ T




%ompiexinq Indices. {8) for the Interaction
~ c

APPENDIX 12.

L

of the g-crystallinity Form of

'1.0510.”

16 and C, g Monoglycerides With Yam Starch
o Yam Starch B

.. Ungelatinized Gelatinized Solubilized

A R (O € < C16 S8 16 €18.
0.1  '0.2140.03 . 0.1740.01 16.1742.93 7.24+1.49 17.5344.03 13.80+2.88
0.2 0.3740.00° 0.2640.01 37.70+0.17 12.9941.66 42.99+0.26 20.J8+1.43
© 0.3 - 0.53#0.05 .0.5040.07 40.65+0.11 17.60+41.76 . 46.2040.10 26.8440.69

: ; o ot ’ v
', 0.4  0.6740.16 0.5940.06 43.48+0.25 20.61+0.44 49.36+0.12 30.51+0.59
0.5  0.7740.06 ©.73+0.13 45.88+5.67 22.7440.78 56.18+4.91 33.21+1.98
0.8  0.9340.13 0.8340.11  56.39+1.65 126.46+42.30  58.71+3.87 38.09+1.49
1.0 0.9240.11  55.2448.59 27.08+2.40 62.00+6.19 39.59+1.77




APPENDIX 13 °

ﬂ.f32b;‘f

~ Percent axnplegmg Indices of the Interaction Batwem Lint:neriad ﬂ\eat
' ov. Neepawa Starch With 0—016 and "‘Cla Monoglycerides :

. Lintnerized wheat w..uaepam Starch* SR

Ungel atinized Gelatinized. somomzaamJ
Mded  a-Cj a-Cg °Clg = 0T el 9-"‘:1'8
0.1  8.4740.36 3.75$0.82 :17.503_0;54"11.3210-.55{ 29. 664-0.23"“_‘ 16 ss+077,;..
0.2 13.55+0.46 '/ 7.253_6;;,.'74 36506;{6.00 27.78+0.11 43, 2440.88 7 sm 25";*"5_
0.3 15.3741.17  8.59:0.73 46.2111.‘67,‘}35'.‘1"7_-&_0."6‘6‘."‘::51.32:2.85  9.0643.23
0.4 16.09+1.75  9.3240.77° 52.27+1.06 ,'4'7.2210.55'_..-'“5{7._463_1‘.5’};?.4148.,97+2;o9- }
0.5 16.33+1.93  9.5640.84  56.0640.00 51.3940.71 -66;‘3‘532‘?.;‘3?‘5' 56.8041.17
0.8 16.7011.70 '9.9,4;_0.51 ss.so_+;iz;1; . 55.5640.40. _68;_623_3.16'-;.69.37+2.357f': |
1.0 "‘16.943_1.73 '1o.osio.44 70.4641.07 55.56:40. 36 fi1:.523127.94, "‘.',73.49+2 41;5 .

*Stgrch lintnerizatfon was done by treatment of dry starch\ wi!:h 7.5% }ﬂl at

**Starch soltbilizatlog was done’ by d1spersing the mgelatinized stardh in

C for 72 hrs.

aqueous 1 N KOH at 4°C for 30 min.

*EAMG, 'mnoglyceride. v

: '
&
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o krcent Oamplexmg Indices of the Interaction Between Lintnerized wheat

ov. Neepawa Starch With g-C

16

and 8-C

18

Monoglycer ides

Lmtnenzed Wheat cv. Neepawa Starch*

G'—.\latxde

Ungelatinized Solubil izedt*

& MGrE

- aded  BCyg 8Cyq B-Cy¢ B-Cyg B-C ¢ B-C)g -
0.1 | 4.0340.23 2.25¢0.39  8.7540.58 - 5.6440.71 12.88:0.86  7.11+1.07
0.2  8.06+1.81 3.84+1.19 13.30+1.01 8.53+0.69 19.80+2.30 -14.21+2.14
0.3 12.9040.20 5.42+1.73 17.8640.25 11.46+1.03 26.8042.51 22.5742.05
0.4 13.740.01 6.88+2.09 21.14+0.38 12.8142.96, 30.42:0.26  29.47+1.00
0.5 15.32§0.59 7.0451.34 23.2340.91 12.8540.64 33.4130.96  31.2640.88.
0.8 16.1342.25 9.3940.16 26.43+0.96 19.81+0.89 45.8940.42  36.40+2.10
1.0, 16.93+2.20« 9.6640.86 29-.6210.871 20.2140.52  54.2540.71  39.7940.55

_ ‘*St ch lmtnenzatmn was done by treatment of dry starch with 7. 5% HCl at
e

**Stax:ch soltb111zat1on was done by d1spers1ng the ungelatinized starch in

for 72 hrs.

aqueous 1 N KOH at 4°c for 30 min.

**EMG, mnoglycer ide.

L

o

-
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Percent Ocmplexmg Indices of the Interaction Between Lintne:iaed Vheat

cv. Fielder Starch With «=C

and o—cm Honoglycez ides

16 |
/o ' B
Lintnerized Vbeat cv. Pielder Starch* ' o
' Ungelatinized Gelatinized SOIlbiliaed“
§ MGr#* . | | Sy
Added a-C, ¢ ~aCyq 'q-ClG u-Cl8 c-(':mgx - ‘u-;fcla :
0.1 12.1610.58 11.8430.45 12.87:0.52° 13.0541.05 13.3540.57 11.2441.62
0.2 19.52+2.18 15 0440.41  26.11+0:52 27.54+0.00 \126.9Q1},7§ff;24§53+6;64” }i -
0.3 22:0840.46 17.9240.72 38.61+1.56 39.1342.05 38.5141.27 3. 74+o.64;;7'”'
0.4 23.360.68 19.33+0.74 47.43+0.52 47.83+44.09 49.8142.14  48.58+1.51
0.5 24.1740.48 20.16+1.92 53.3140.36 50.73+4.09 55;333},01'1154.1212.24,; e
0.8 25.43:0.49 20,88+2.32 62.87+0.82 50.90+3.08 64.5243.57 63.68+1.84
1.0 25.92:9.49 21.4440.94 65.8iip.32 54.9q13.oe '~7o;3§1§q64 |

?sagsgt;;94"'

*Starch'lintnerization was done by treatmmt of dry starch with 7 S% HCl at

40°C for 72 hrs.

**Starch sohtnhzatmn was done by dispersing the mgelatinized starch in
aqueous 1M KOH at 4°C for 30min. .

***MG, Monoglyceride.
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APPENDIX  16.
Percent Complexing Indices of the Interaction Between Lintnerized Wheat
V. Fielde; Starch with B—C‘l6 and'B--C13 mnog}yc?er\id\es :
 Lintnerized Vheat-cv. Fielder Starch*
Ungelatinized Gelatinized Solubilizedt*
Cnme | | .
Added = 8-C)g B-Clg  BCye 8C1g B-C16. BC1g
7o.1_ 7.2040.58  5.8340.52   14.93_+_0‘.'66 8.0940.78  13.65+0.66 . 12.3440.32
0.2 14.2442.18 10.2040.41 27.6340.88 18.70:0.42 26.4540.50 22.7240.26
0.3 19.89+0.46 13.38+0.72 34.00117'41 25.43 38.2540.01  30.98+1.39
0.4 22.63+0.68 15.43+0.74 36.3741.23 28.73+2.33  50.24+0.05 35.79€1.11
0.5 24.1440.48 17.14+41.92  37.75+0.35 34.1840.56  57.8130.07 !2.565).78
0.8 25.03+0.49 19.87#2.32 41.92+1.29 38.23+0.36 7.1.8~=63_O.4.2' ~48.1611\.28
1.0 20.23+0.94 42.5010.71.'"35.9111.76 71.5040.25 - 51.30+1.70

25.330.49

¢

*St:grch lintnerization was: done by treatment of dry starch with 7.5% HCl at
40°C for 72 hrs. o .

**Starch s’olt.bivlizatviog was done by dispersing the ungelatinized starch in
aqueous 1 N KOH at -4 C for 30 min. , {

 ***MG, Monoglyceride.
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APPENDIX 17

Cassava starch R e AR s
°L-C16 T, N e

unge!uﬁqiz.d

« . ?
gelatinized

solubilized

o 5 20 - 10‘  5’
‘Diffraction angle, 20
X-Ray Diffraction Patterns of Cassava Starch Clathrates Hith
a- C16 Monoglyceride .

t
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APPENDIX 18,

x—%yﬁffraction Patterns of Cassava Starch Clathtates
Monoglyceride

With a—C

16

329

Cassava Starch

2.8913

ngelatinized Gelatinized ; Solubilized
00, a8 Inltggzity 02 a, 8 Integls);ty' o a 8 Integ;;ty

le.g85  5.9513 281  15.055  5.8848 193  14.922 5.9368 3%
17.254  5.1392 422 ),16;948 5.2315 245 16982 5.2210 543
19.531° 4.5451 43¢ . 17.478 5.0739 248 17.830 4.9747 490
20.081 * 4.4218 483 19.769  4.4908 203 19.955 4.4492 351
22.432  3.9634 360 22.955  3.8743 262  22.871. 3.8883 443
23.106  3.6345 356 26.524 3.3605 237
22.680 - 3.9205 309 20.766  3.3605 237
20.570  3.6230 271 ©29.766 3.0014 237
26.450  3.3697 243

29.953  2.9831 . 226

30.928. 1226
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- APPENDIX 19

) T | ‘

Sweet potato B 1 A
starch--Lcch S A SN | NS ST Ve

ungelatinized

gelatinized

solubilized - '

R R R R 0w 5

lefractlon angle, 20
X-Ray Diffract1on Patterns of Sweet Potato C]athrates with

o-C 16 Monog]ycemde
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 APPENDIX 20.

X—Ray Diffraction Patterns of ‘Sweet Potato St&réh Clathrates
With. °'Cl6 Honoglyceride ‘

Sweet Botato Starch

Ung'elat‘i/ni'zed ; | Gelatinized S N | e Soiubilized
Y Ini;ensity o | 'Intehsiﬁy | . Intensity |
26 a, 8 ez % 4,8  cps: °2 4,8 cps
1669 7.5837 141 10170  8.6978 146  11.194 7.9039 108
15.137 5.8528 M6 11,196  7.9025 170 13.232 6.6909 . 126
'17.203  5.1543 526 14,971  5.9173 432 15.150 _5.8445 8
19.574' 4.4673 361 -17.002 5.2148 591 17.085 5.2018 341
22.454  3.9591 380 17.767 . 4.9919 526  17.971 4.9358'}’ 326
23272 3.8222 85 22789 3.9020 407 20324 4.3695 189
126.281 - 3.3910 = 244 23.594  3.7707 391 21301 4.1538 _,185 ‘
30.199  2.9504 230 26,721  3.3361 230  23.040 ‘3.8601‘ 326
31,085  2.8770 ° 232 /30;239 © 29555 251 | 26,3154 3,3866'»'k176

 28.458  3.1363 157 .

jo
S

30.083 2.9705 168




e~
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TARO starch g '
d‘-.c]bMG4 S 3 i

 urigelatinized

gda“inized '

solubilized

x5 20 s '° ’ |

Duffractlon angle 26

X Ray Diffraction Patterns of Taro Starch Clathrates with

oc- Monoglyceride.- :

R
ER

. 0
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| APPENDIX 22 §§
X-Ray D,iffractmn Patterns of Taro Starch Clathrates /
with a-C, lbnoglyceride . _ ‘
~Taro Starch , o Co
 Ungelatinized . Gelatinized ' Solubilized
: | | Intensity' & e Inteﬁs,ityv o T Intensity
%2 a, & ops %% 4,8 cps 2 4, %  cps
9.895  8.9385 118 19.935  8.9030 96 - 12.463 7.1022 258
11.391  7.7681 154 15.106  5.8649 308  14.822 5.9767 261
12.940 6.3414 167 16.974  5.2234 « 389 17.038 5.2040 378
15.045  5.8887 - 408 ©17.927  4.9478 338 19.592  4.5309 537f‘
16.958  5.2282 505 - 22.989  3.8686 352  22.729 3.9122 33l
17.932  4.9466 514 30.961  2.8882 182 23,554 3.7769 296
20.191 4.3978 283 | . 26.294  3.3894 222,
20.943 . 4.2416 255 29.465 3.0314 198
23.058  3.8571 472 30.449  2.9356 207
26.522  3.3607 223 |
30173 2.9619 239
30,915 2.8924 234 : )
>
)



" YAM STARGH e
' !L CMMG R

O aePENDIX 23,

ungelatinized g

C solubilized T

._} ‘25_,
Diffractnon angle.ze e

X- Ray Diffract1on Patterns of Yam Starch c1athrates with

Monoglyceride. : L : :

"C16

o

o

B ' .




APPENDIX 24

x-Ray Diffraction Pattetns of Yam Starch Clathrates-
: With c-Cle lbmglyceride - R

“

IR _Yan‘,Star_ch: ‘

‘Ungelatinized = Gelatinized ~  Solubilized

0 mtensity  Intensfty . | :;_Iﬁt_:ensityj"
w ax TEY e ad™ET w27

‘:5.482. 16.1216"' 159> - 9;995» "8.8491 109 _isgzas;' 5.7964 ) 352
) 14}295 6272 - 273 1412  7.7538 | 145;_‘,17.192  5. 1576*,'14725
 14.967 s.9191 322 {15;202' 5.8279 400 16.988  5.2190 394
16.969 | 5.2250 639 17097  5.1861 530  19.666 4.514L 321
19.465 - 4-5602' _309f ” .19.615_; 4.5257 ﬁ,.324> ; 23.168 ‘3.3399"’ 395 N
215950 . sow2 62 -22.940 3;8757 :455: 24.001  3.7976 32
23.819 3,735 442 26.383  3.3781 220 26377 3.3788 210 .
26015 3472 20 3055 2.9285 213

\ o : B

N". .7 3.6 28626 225
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