
*' Damaged Starch and Protein Contents in ,Relation=:+' = ..........
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By K. A.Tara, P. , Finney' and G. S. Bain,, Mysore (India) 

The investigation has shoun danagrd starch to be a significant factor i zbe Vg;, i :atc, aIbsorp
tion by 63 straigbt.run flours of a number of varieties of Indian beis. .-I .ignifiantly high,
positive correlation(r .01to + 0.87) wa.( obtained bI'teen trater absoptiot, ,ud dam.aged 
starch contents compared to ,avalue of tor water ,ibrorption and protem onite.The+ 0,30 ' 
prediction of water absorption fron danaged starch and ploteln ctetnt. is 

(Zusammenjassunagsiehe Seite 344; Rt'sun.a ge 344.) 

Introduction 140/ininoisture) technique was usei 1'r dLetel'inhiiIg water 
absorption and the dough it eaCh case was mixed to the
 

The high water absorbing capacity of flours of Indian 500 1U. consistency,
 
wheats was reported by Coleman et al. [I] .as long ago as Damaged starch was determined by the' enzymatic A.A.C.C.
 
1930. Fisher and Jones [21 in 1937 also mentioned the high 17], Stewart [8], and Farand l91 Inethods and asko by
 
water absorption of Karachi wheat. RattanSingh and Bailey the colurimetricr procedure of W'illiam.k adIgo/[10) as 
[3J pointedly. referred to their findings of the very high described by Tt and Rains 11.
 
water absorptions of the experimentally milled flours of
 
31 varieties of Punjab wheats which averaged 72.6 ". In The results were expressed on I, nokturv' basi., Fo,
 
subsequent studies of 'the milling and baking qualities of study of interrelations, correlation coctn'ieits between
 
Indian wheats [41, even higher xater absorptions have water absorptihi, dainaged stard and proteini content have
 
been recorded. Bains and Irvine [5] also found the absorp- been calculated. Multiple rcgression anahsis of watter ab
tions of flours of seven improved varieties of hidian wheats sorption on damaged starch and protein co~utent has been
 
to be high. Tke cause of high absorptions of flours of Indian tested for significance by the analhsis of %arance.
 
wheats has not been studied so far.
 

f riia. ad lI 

This paper describes the contribution of damaged starch and Results 
protein content tothe water absorptions of a new series of
 
straight-grade flours of a number of varieties of Indian
 
wheats. A high positive correlation between the water "b- Mean values and range for the farinograph water absorp

tion, protein and' damaged starch contents are shown insorptions and damaged starch contents was obtained. Mul- Table I and correlation co,:fficients and multiple regression
 
tiple 'regressions of water absorption on damaged starch and analysis in Tables 2- 5.
 
protein content were statistically highly significant.
 

Table I. Mean Farinograph Water Absorption (FWA), Protein 
and l)amaged Starch ()S) Cntents of Flours of Indian Wheats.
 

Experimental
 

Materials . Mean Range deiatir orf . 
Sixty three samples of straight grade flours of a number of "/I1"l,i (.I )) ((S.1.)ariation(C.V.)
 

varieties of Indian wheats collected from the wheat breeders ;.W.A. 62.00 48.0 72.,1 5.50 8.9
 
and the mills during the 1969.-70 and 1970--- 71 crop years Protein (N X 5.7) 10.48 7.9 13.3 1.42 13.5
 
were used in this investigation. Theflours were prepared D).S. 1121
 
on the Buhler Laboratory mill after conditioning. A.A.C.C. .0 27.9
9.2 2.3+ 16. , 2.57StewNart .1 12.91 2.57 31,7 

4fai'and 14.2 ( )3.5 33.2 7.41 52 .3 
''Williins__Mhos' and Fegol 1.0I .C5' .11 2.3 N 0.6 3.s'40 

Moisture, protein (NX5.7) and farinograph water absorp-' s.Di. 0
 
tions (FWA) of the flours were determined according to the Mean
 
A.A.C.C. procedures [6]. The constaPt flour weight (50 g, oth fr . d r. e i 60.1 

'. "" : : " ": "Thirty) ,.; ":: 'rf nine of tile flours hlad abvorpt 0w exceed ig OC0 1f 

Department of Grain Science ind Industry, Kansas State U ,1-1Ofthe remaining 24, that or 17 flours was in hiwringe of
 
.ersity, Manhattan, Kansas (USA). '. 55.1 -60.0 0/o. he protein contents of 27 tiuiples Nsote in
 

the range of 12.1 -- 13.0 a/natThe mean Protein .ontent of'
A portion of this w'ork vwas supported by 211(d) Gratnt AID/csd- '.-, 8"i was farly high for the flourN of I .d.ih.ii J
n' Whl"Utilizaion to , . re .Department of Grain since stnie of the wheats,,w191 Grainm" ... . . in 'India the, ,. . ........ re nt a high rlt h at. . 

Science and University,.The inesm th... fr. p in wheat..Industry, Kansas State information o .. Ph .

and conclusions in this paper dt)not necessarily reflect the posi- " region [4]. rhe coefficient of varhttion tor protein was
 
tion t All) or U.S. Governmet' and the protemn 7.9% to I.3
a .e 13.5 0/0 range was .I , 
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The daniaged starch values determined by the A.A.C.C. 7] 

aid Slew~ari [S] methods were tconparible and Imight be 

regarded qtfcgh.._Conparison, ofdaaged-starch,,vaties .
 
dLeternnle by various methods have been recently diSCSed 

by and Ihe coefficients of correlation be-
Lhra lains112. ] 

twecn vc.ter absorptiou and daniaged starch values obtained
... .. • . . . .
 
by th,,e widely used methods were statistically highly< 

' glignifica.nt (Fabkl 2). The correlation coefficient between 


I'able 2. .tic6,in'hip bttAen I'arinograph Water Absorption 
(FWA)s,a d St,ardi OIs) and Protein Contents of Flouts of 
Indian Whiat,. 

Coefficient of 
Variabe 	 correlation 

_____ - (r 

[.W.A. v Proiin 	 1 0.50 
F.W.A. 	v 1)S. 


A.AC. C. - 0.87 


['artind 	 + 0,83 
WIhiam, a,,d I:egtI 	 ."il0.84 

""damaged 

water absorption and protein content was statistically .
 

significant.but in magnitude it was lower (+0.50) than the
regres,.ion coefficient for water abisorption and damaged 

starch contents. Rattan Singb and Bdley, [3] reported a 
correlation coefficint of 4 0.67 between water absorptions 
and protein content of flours of 31 varieties of Punjab 
wheats milled tin the Alli's Labor.tory mill. The high posi-
tive correlation of water absorption with damaged, starch
(4,0.Nl to 1-3.T) obs~erv'ed in this Investigation indicated"0beTable 

significant contribution of this factor to the absorptions of' 
flouts of Indian wheats inl comparison to protein. 

Flours of Punjab wheats itvestlgated by Rattan Singb and 

faiey 131 had an average protein content of 9.60/. but a 

high absorption (72.6 ".) compared with an average protein 

content ol 13.0 ; and an absorption of 62.3 0,n typical of 

tile dlour. o(i a North Aier ican hard w:heat. 'rte sixia-
proved varielies' of Indian wheats according to'RBidns, and ' 
Ir'in, [ had in average protein content'of 9.711/i. and 
,3 3 ) ri•igraph water absorption. he flour of variety 
(591 growinfour locationis haild a protein ranige of 7.6 

t,5 10. andw) r rnge ofd proto 63.3e and.'iufo atio 58.2 oit10,0 atii orption ran ge of 58.2 o to 63.3set and 

respe'ilv'.l 

Inorin~tion on damiaged starch contents of the flours of 
1,dian -ieats studied 1\ the previous authors [1-5] was 

, , 	 .
1ot k p t t . m g/e content, of.,c co tn
 

those flouts ntISI IhaVe b1el a significant factor contributing 

to elhaticed water absorption. This probability is further 


by ,, high,latieldia.dlastattc activitiess ofthmese:supptortcd thethe i'clatIVely ilglh act 
supported: b1 of~hesey"tlourS •- 5] descpite absence of sprouting. .1 	 1 

The assocition between damaged starch and protein con-
tents was poor, th eorrelation coefficients being statistically 

ni-signinc~i (Tabl 3). imilhr Cot'relitions were obtained 

by 7ia and Baian' I11I in respect to 46 Indian commercial 

flours froim wheats imported fitn th U.S Dodds [13] 

reported %uigllthcaut Positive correlation coefficienits varying 

from 0J47 to 0,,56 and 0.52 to 0.65 for t o separate series 


Ic)1,4t kke '4 ]aI,,1g, /19:7 1 N\ti -. :- - : r k;l-',ti ' a ~ ?2 , 10Lo i e 't L 5 

iable 3. Relatinnhip between Protein and Damaged Stardi (DS)
 
Contents of lours of Indian Wheats.
 

........ O.fticit.of.
 
Variable correlation
 

(r) 
. [Protein v D .S. . ... 7 

rI 	 v )..... 4t 

.. "C. , 0.4
Stewart "- -0.28 NS . , 

Farrand " 0.25 NS2-, 
Williams anti Fegol -+0.28 NS 

NS --Non-significant 

of U.K. flours. The author attributed the high correlations
 
to the inclusion in the grist of a high protein imported
 
wheat having starch granules susceptible to damage dtur*ng
 

milling. The flours comprising the present invcstig'i ii6 ... 
however, consisted 6 several varieties from different loca
tions and represent a wide spectrum of protein and dam
aged starch contents. ,The poor association observed in this 
work was without any prejudicial factor in the grist.
'he multiple regression analysis of water,, absorption on
 

starch and the protein contents was statisticall
 

highly significant as shown by the " values which ranged 
from 87.5 to 137.8 compared to 2,66 necessary for signifi
canoe at 11-- 0.01. Mean variance due to deviations front ,,-. 

the regressions varied between 7.06 (Stewart) to 8.16 (Wilt,...... 
liams and Fegol).
 

prodite fro rss ions ( ) 


4. Error Standard Deviation (E.S.D.) 
Water Absorption. 

D.5. Method 	 E.S.D, 

A.A.C.C. 2.86 
Stewart 2.39 
Farrand 2.66 
Williams and Pegol 2.66 

.... . . 
t r -ho""''" 

of Prediction of,'" 

E.S.D. as :°/o ofobserved . 
S.D. 

. . 
52.0 
43.4 

.... , . 

48.4 
48.4 

seems to be slightly better. The other three methods namely
 
gtyb e.Teohrtremtosnml
 

A.A.C.C., Farrand and Williams and Fegol were compa- , , 

rable to each other for the prediction of water absorption. 

The magnitude of error standard deviation of prediction of 

water absorption was somewhat high, probably because of
 
the wide. vdriations in the absorptions; 48.0,0/oto 72.1 (./..
 

pressed as percentageof the observed standard deviation,

error standard deviatios ranged frot 43da to 48s4t 
e oddr s 3 r-d it fd eta e range 43.3 darto evi aion 

.,s 3 r a wd range o t deviations 
water,. absorption, prediction by several regres-.of. erors in ,,. , . , :;

sions (0.5 to 2.39) including the riotlel equation of Farrand'' ;.ca.se'v . ' ,. :[13]. i the case of lndian commercial floirs from imported i. 
US wheats it ranged from 1.15 to 1.5 [11]. The farinogra hvj:.,absorption of these flours showed a range of 94% (52.611'/0, 

to62.0 0/() whidwas considerably below the range for .itie'. ;i
straight grade flours of a number of varieties of Indian 

-wheats. It is noteworthy that percentage error of standard
 
deviatins -of prediction reported by Dodds [13] for 51
 
varied flours ranged from 13-. 17 j

0 compared with another
 

:::: 	 'a:': 5': ! ::: i - " : . : ' ] : " 3434 
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series of 26 bread flours, where it was from 41 to 540o. An 
interesting point emerges from the regression equations In 
STable5_regard;ng the coefficiets of protin-whidh. varied 

Table 5. Multiple.(..uZ•tios of arinogriph WaterRegression 
Absorption (FWA) on,Damnaged Stardh (1)S) and Protein (I') Coil-
tentsof Flours of Indian Wheats. 

• 	 icat
mecan W.A.W.A. 
'1,,'-..... ___...................................... ....... .
 

. W.A., "/i- 34.65 . 1.24 1' I1.56 IDS (A.A.C.C.) 62.0 
37.02 -1 1.07P I 1.70 )S(Stewart) 62.0 
.11.11 4 1.201P -I 0.58 1)S (larramid) 61.9 

""40.09. I 1.101) 1 9.13 I)S (W& F) 62.0 

• 


narrowly between 1.07 to 1.2.t
compared to tlt high coeffi-
cients for damaged starch determined by the A.A.C.C. 17j, 
Stewart 18] and Williams and Fegol 110] nethods. The 

'. coefficient for damaged starch by I'arr, method 

applied to these flours was 0.58 compared to 1.20 for pro
''.ei'n the equation. The coefficients of damaged starchin 

: ..,Gehailte
,. 

". he.,A.AC.C. and Stewart methods were comparable (!.56 

4-JantI70). The low and high coefficients for the damaged,;.., sat~c 'fo' til"
.. " . 
strch for the Farrand and Colorimetric procedures arc due 

* to the units in which the values are expressed. 
.. . 

*1' ".• 	 .
.t..,..' 

", 	~ 

..Discussion 

.Y ibsorbig capacity of a flour is a composite effect 
' '"several defined and undefined factors. For many years 
.,protei'A has been considered as the most Important constitu

.CP an exten-eJnfluencing absorption. Thus, Fin['v 1151 in 
'"'6 study, demonstrated the linear relation between protein 

it and water absorption in 1945 within the genetic 
" of a variety. Presumably, the flours comprising 
) ..?rJI se studies contained comparable levels of damaged starch, 
I[:'' 	else deviations would have been, observed. The status of 

damaged stard in these flours was not determined. Though 
damage to starch granules during milling of wheat into flour 
was reported by several investigators, its contribution to 
water absorption relative to protein was first shown by 
Greer and Stewart [ 16]. This evoked major interest in the , 

concept of water absorbing capacity of lours. Several 
methods of determining damaged starch have been devel

*oped [7-i0, 16- 20] and used for study of interrelations 
and regressions for prediction of water absorption of flours 
[1I1- 14, 16, 20, 21]. Based oi certain assumptions of a 

.	 reference flour, Farrand 1141 developed a. model equation 

for calculation of water absorption from the protein and 

d'lamaged starchcontents exp~ressed in...m .arran Units." The


"7 damage stach cnetiu .tion 
results of the present study relate damaged start..'. '1 an 
important factor in the water imbibing capacity of the 
straight grade flours of aI n.mber of varieties of Indian 
wheats. The use of multiple fegression equations for predic-

lion )f water absorlition from one series of flours to another 
S..has to be considered with discr tion because of' differences 

caused by the methods of esttill of damaged starcl and
b'ofthstimtionof 	 ,16interactions of the undefined factors responsible for varia-

tions 	inthe,water absorption of a particular set of flours 

344 - ' .4 -' 
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The contribution of undamaged starch, petMosans and glyco
protein fractions to the water absorbing capacity of flours 
has jot received-as miuch.attention asproteinrand damaged 
starch components. The effct of p,.nto mUs on the rheo

logical properties of dough .scribcd to dir high affinity 
for water has been reported 122, 23., Their role ii the 
water absorption of flours of soutd wheat .aian additional 

factor for prediction purpose, renmaiis to' K' iliidated. The 
results Of this sttdy indicate d.inaged starch a,an impotn.t 
factor in water absorption of tlours of Ole Indian wheats. 
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Zusammenfassung 

tiy
an hesdlldigter Stirke end I'rottiti im Vterhlihnis zur 
\Y.israhsorptioii -on Mclulen .isc n I W cin. 

l~ cL~t'btngen h,,,t ,tai? 11, en:ge;!egt, t,'e ,'ldi.we St.i,'kr 
wishtiger ';end firdie Il'U. 'abt,,r. o,: n ,.I',sgen
nw/en ,u.ein'- ,.ld!i.,ehr 1'c:'.,,,,': :q hir both 
s iik,nte positive Kissrelatiwit Ip .o ' Ibit-;0,,V , -urdc 

wtxi3(hen \b, e; ,1bsnfrftio upd G b, an I',. gctW ' h',,t d: :t-.t,i,('
f,
undcn gegroniilr einen it;t,~vo' - C0 , ,Qi , Br t'n,,l"/Wi. 

\asserabsorptio,. upur/ PtoreingeJrh. III,Ifq;ghtldArit d') 
Iraussage der IV .ssera, pd,.or:n ains dti (;thal/r,: a'st be igter 

St~ike sold Protein wit dilktti-rt. 

Rasum6 

Anitlon endonimag ct teneur en protinsc en relation avec 
l'ahsorption de Ieaa des farine% provenant tie lk lndikns. 

LgLet,-a slnfltr qie l,tidgrn enrht) ,l,,e ,t is.ater signp
catif an ',ieau de'(a frat d:r,,pt n ,1,Pt.n ,h'63 Janr'uhi/t 
, OOenant dan erIin ninir Zn'ti%,/ebhic indiens.
Une corrcljation positive .attene .%i.qniLJiaine ,P. 03 ,0..'
f 0.87) 	 ,a t'"obtenue entre I',abmlmptri d'eaii etlo t' ,eirs V11 

,wlidnn tndosnmmagt; p.ir cnntre, 1.4corrH:latin entrv ',bnorption 
deI'eau l Iatteeur en pnrt rtjtsgtait IVcI ,hdeiLO .0, i1v 

pr voiret enilitr iouesabsn r .esc-,,r,h I'eaa 3 t~~~~~~~~~~~.onlenldotmnalg(:t' tt liit.t. s'utc en 
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Schwefeldioxidaufnahme bel der Maisquellung 
1. Verteilung in den Fraktionen 

Von W. Nierle, Detmold 

Absorption of SO. During Swelling of Maize. Part I. Distribution in Fractions. Ii bis been sho.'i"by 	 means of S-.-laelledt SO, t.tat ppotein and germ take uip most o" SO. during the swellin., 
of corn. T.,e uptake by the maize kemels is only 601a from the amiosut solved in swelling wRtr,- ' 
Th,e swelling process does not t'bngc the fatty ,i,ds Con o.,ition oi the total lipid:s of r 
are only traces of sulutr in th ext racted fats .. N 

(Zitsamnenfssung siehe Sci,;te .47; Mun,,, i a page .1,17) 

1. Einleitung 

Dic vers:irkten Bestrebtingen ties Gesetzgebers nadi Un-
welt- und densten~~ ;ii.j.giiitele'.tloerfordern den v'erschie-Verbrandwisduitzd te atif i 

enmte'n (chicten dcr Nahrungnitteltchnologi. fundierte 
Kentitilisse .iberLdaS. Verhalten von ilihalhsstotfen oder so-
genatnnte tedhnisclen il fsstoffen w' ihrend der Verarbi
tung. Fin his htut• nodi tinersetbarer tvdcnischwr Hilkstofl 
bi der Ntl.verarbidtung %'on Industrieniiais ist das Scdwefel
dioxid, 'Inlfr~ierlei Untersuid iuiign (I, 21 . mit ),. t1ind 
vei'rschicdc'in 'ickerii Inte 'estgcstellh wvedcl, ditl. bc-
rs'i i mtie slir niidei lledinguigen min ia iach tnd his-
her, ld: hi% ins eitnelte gekl:irte Reakt:onenl ablatifell 
kiicn. ,lie eite gewisse Verinderung der lhaltsstoflc zlir 
I:olgc halbel ti dt ine l oditizierun g d&S teChi isehen Pro-

"r rse d Sirplagertg erfordelich 
ii'hlwi, 

Ahliche Oberlegtiugn tiirten iu den in: folgenden be-
'chrtiob'nci Llnt:r~tidtrmguign. unial lekannti ist dal.6 derttchi'.isdh. .1ai~3u,,llpro,,etunid d.1ilt dle NafsvV'rarbeiturg 

ohtilt,di Mtlhrktit l \on SO., icht dorihiufilirent sindI 
Obwohl dies. "l'.TPsadce I1illst bckainnt ist uni1d es auch 'Tleo-
601 tillher ie \Veclselwrklung von SO, und Eiweill gibt, 
litg, n lh'r die A\ufnahlnc to Schwefeldioxjd bZ\. Scli,.e-
1 .el Li0 Csenu son il latsst0ffln des, llc Ver:indltrsngen 

':V01t1a1 ,1 atc, aif dcr St:irkc-Tagmig 1972 der Arbe,.tsgze- ! 

N:. 3'Q23 .. Veriltlidtimgen de, luidesforsdsungsanstalr fur 
(,LOrslok sk'r. licituung in Berlin undl tn-old: 

! i' 	 .',tai t' 24. )a.,r 17' N . 10345
-" ........ 

Makies wilirend der Quelhtng wegen der a nalsthi. 
Schwierigkeliten keine niihertn Angaben v( r. L)uR8'Me DA",l: 
sa..o . dies, "" "Tracern, i ',le von 

eill SO.,, ist dcim Analvtiker 'ine elegante .
. ... 

"'i',. tuliie'lissige Methode in (ie I land gegeben, derartige Fragen 1.. 
71,uklaren. -

2. 	 Experimenteller'Tei 

L.aboratorium urde niadi der bekannten Method€" von., .: • 
l.i,/,.,,,,,napn und Plsbenke 13] Mais in 0,20/,iger schw" :q 
Siiure tinter IZusaz von radioaktiv-narkiertem SO 5'0 Sid,"-* ' 
giquollili und in ie einzelnrn Frakiinen aufgcirhcie-"t 
Vor und nad dent Ansatz wirde der (3ehalt ds Qul
wassers an R.ldaioaktivitrit untersudit, wobei sich heraus
stelite, da8. nur 911/o der urspruiiglich zugesetzten Aktivit~it
 
serschwunden war.
 

Dic 	 Ilestinimmung der Radioaktivitit erfolgie wic audi in 
allen nadfolgenden Fraktionen durch Aufsdilud mit SaI .
petersiti'c, Perdlorsliure und aiisdilie!ender Fillung c4.s
 

gebildeten Sulfates mit Ba ritmcarbonat nach Zugab . V(ti 
.''rigerliisung in eie:n 1.'w-LDvel./I-Cottr. Die mraidW&t'!* 

Sin Verfaliren erhatenen Melswerte sind direkt niteinander
 
vergleihbar, da so Unterscliedlidie Ausbeuten bei der Mcs
sting we'en dor Verschiedenartigkeit dtes Probslmaterials
 
vermieden werden koinnen. . 

L ' Fvi lrls der'" i vefl'':' : 
' L:'	 " r akt imik:l':t ' 

F in allquoter Teil des getrockniten Kiees.. I g) wur' "f.
 
4 Std. bei 145 C mit 20 ml 6 N HCI in serschlossnien.
 

4.. 




