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- an accepted fact, _ R :
@ wxms e @ amylose, amylopectin and asylose sie,, ¥as Enown
long before their isolation by Ling end ﬁan;i'(ﬁ in 1923, Farther ;&2?4 |
% in the nuture af 8 hﬂﬁ%ﬁ%ﬁ

presente of s third freetion =
‘was elsc secertained by 1ta Ssolation by the sume workerat?) 1n 1925,
| The smylobemicellulose was found o be sbsent in poteto and arrowroot
but g;wmt in most coreals in varying proporticns. Also a certsin

mmnw in the proportions of the other sonstitusuts in different

starches was cbserved, The great differences in the propsriies of thess

gonatituents makes theiy varistion of sonesntration in starch smiﬁi,
from 4ifferent souress, of particular importance, Undoubtedly this
varistion is an importent factor contribubing to the wide differences
in hysicel and ehsujcal properties which characterize starches of
diftevent origin,

Differenses in chemiesl constitution of starshes inve besn

known for sows time, and tend $o swphasize the fact that the term
d but & class of ecompounds. It san

ﬂm’ ﬁﬁ&ﬁm not a O
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no langar be doubted that m—maﬁmﬁa material in chemical som~
bination with the predominant carbobydrate portion comprises a. small
But definite fraction of the staroh wap?fsm Phosphate phosphorus _
and in some sases ailimn constitute an integwal part of at least one
of the starch fractions, nvlaa the presencs of long chain fatty aoids
closely assocfated with the starch grenuls has been indieated by Taylor
and Iahm‘”h

The relstively great variatfons in the percentages of thees
previously unsuspected constituents arve of particulsr interest amd
importance. Seme{4) ey shewn that tie phosphorus (-’nxgrasm at PaOg)
present ranges from (0J2L in Casmsava starch to ,112} in poteto, a variation
of over 900f. This variation takes on edditional weight in ecomsideration
of the fact that the important property of gelatinization im clomely
related to the yhosphate sontent. In fact, thet the power of gelatinization
is dizectly proportional to phosphate wontent has been demonstrated by
_ﬁgmghgiﬁ‘ | |
bicusly the above mentiosd differenses in constitution mst

give rise to comparxatively grest &ifforenees in physieal propertiss. Such

‘varlations have long been rovognized and eve still the subjeqt of mek

investigation. ?imﬁﬁm, gelatinization, heat of hydration, ete,, have

‘all received attention. &m&‘é) somducted an Axtensive investigation
‘fnto the variation with temperature of the viscosity of eleven different

whoat starches and noted wide and possibly significant variations,
Microsgopie gelatinization studies, and gelatinizaticn point determinstions
bave been conducted by various workers, sach as Ia wm(‘f) ¥ _nmz(a), anil

Alsberg and Rask(?), lore recently a dstailed stuly of the effect of stereh
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gelatinization agents and the responses of the different starches to
them have occupied the attsntion of Wﬂﬁ) ~and !iakler('n} has
investigated the heats of hﬁmﬁoa of wheat ries ané potatoss m also
found merked #ifferences in the starches examined, |

In view of the variations ma above, it is not surprising
that investigations to ae-%mw possible variations in :m?lcchatié
meeptibnity have mm&t&é in the demonstration of stmilar éiﬂbzonm.

‘The nrﬂ%msmtm of this was a;;garoatly cbtsimi! by !ahbam(u)m 1876.

His aoﬂ atmna that potato starch was more easily mﬂﬁeﬁ than a%k&r
starches. Carl Lintner'®) alsp fowsd evidencs that resistance of
starches frou different cereals varied eonsidsrably. Confirmmtion of
Leobergs results was not obtained, howsver, till 1904 by 0. Sullivan(14),
whereas Lintner's data bas only been subjected $o re-exsmination within
the last two decades. Nors recently Nagol$), mnriten(36) ant Shermam(1?”
have valusble eontributions to the subjeets

Up to this point the discussion hes been concerned ehisfly
with variations in starches from different species. ILitile mention has
besn made of those works which have been confined to variation of starch
from differsnt varieties of the same species,

Heturally the present work is chiefly concerned with the
dsaring of the sabject on mﬁa& chemistyy. Henes variations in starch
 resistance of different wheats is of prime importams in this d1scussion.

The first work along these lines was apparently conducted
by Whymperi18), Hig work indleated 4het the emaller starch grenules
bad & greater amyloelastic suscsptibility then the larger ones. The
asignificence of this discovery Iles in the faet that different shaat
verieties axe more or less c&a&mﬁk&ﬁ.ﬁﬁ by the aversge m of their



.-

m, The temiency of ’&ave&mtmﬁ “$hat tims, howsver, to |
work with gelatinized starches, resulisd in éﬁ@ﬁw that was apparently
fn contradidtion to Whymper's results.

The subjent wes eonsiderably elariﬂa& and systemstized

by my’a{w)&szn% work in 1923. His mg‘exé gutlined & .&tanamim&

wsthod for the determination of &lestatic setivity in whest flours. Ia
addition an invesiigstion was mede of the offect on the diastatie sction
of mlt extract of differsnt varieties of wheat starch. A difference

in stareh resistances wes certainly indieated, but the conclusivensss

of the work in this vespeet was doubiful due to the limited number of
semples used, Of extrens fmportance, hosever, was the cdiscovery of the
fatility of stiemting to do comparative work on other than raw starches
| collatz{??) warkisg with several aifferent flours, noted
. marked differences in the ineresss of redusing segar brought ﬁhouf by
the same guEntities of malt floure
sangels'*)) using Ransey's method, dsternined the élastatis
activity in different flours, then using commercial starch as his
substrate, deternined the aetivity of the eold water extract of thess
flours. Oply siight differencss in the smonnts of meltose profuced eculd
be detected; homes, the condlusion that varlatfons in dfsstatic activity

seve dus to variations in the stureh and not the diasiase,
. Bormano and fask{*?) observed the metion of malt asastase
on starches obtaized from several differvent vhust veristies., Condasive

ovidence is furnished by their paper, that veristions in diastatic
 profustion of sugar ave st dus %o the snzyms alone, and that She

character of the starch is an 1@@#&@%& & mjioy rm in suger

yreﬁmi% “ '




Suffiefent hes been said to show that an undoubted differsnce
_ in starch resistance to enzymic hydrolysis doss exist. Methods of
measuring this resistance had not !aﬁim myeh atiention previous to
w;""’:&k in 1923, Rumsey himself devised whet is now lmown as
the added diastass method, Kasankié!.lﬁy the msthold consists of the
addition of & definite quantity of s diastase preparation to & water

suspension of the flour under examination. The mantity of vedueing sugar »

produced on digestion under carefully controllsd conditions of temperature
and time i3 memsured. Ths result so obtained is corrected for the
original activity of the flour, and %is %hon taken as representing the
emyloclastie suscoptibility. The Lmerse of the amyloclastic
suseeptibility is of course a measure of the sﬁrnk resistancse
¥s110ch(23) nas orttieized tnis method on several grounis,
¥bile aduitting ite effectivensss in demonstrating a variability in ,
sterch resistence, its suitsbility for qualitktive work is questioneds
His chief ohjection to the wethod was the possibility of supplementary
asctions of two dimstases. In order to obwiate thts éim%r. he
dovised o methold wlerein only diastase from oue souree could act on the
substrate. This was done by inmctionating the matural wheat disstase
pressnt in the flour and then washing ocut the inactivetor by repested
contrifuging from & water suspension. The Insctivated flonr was then .
subjected to enzymie hydrolysis by a definite antity of taka diastase,
The ratio of the amounts of maltose produced by autolysis, of the
inactivated flour, to the amount of malioms produced by ths taks
diastase was taken &s & measure of the relative diastetic content amd |
starch resistanse in difforent Llcars,




An importent modification introdueed by Malloch was the

control of pH in dlastatic activities determinations as suggested by
Sorenson{24), a eitrete HOL buffer solution (pH 4.7) being used.

' Geaass{25) eriticized Malloeh's method on the grounds thet
the laborious procedure made it unsuitabls for routine work. In sddition
4% was observed that the washing process used to remove the inactivator
entailed the loss of some of the substrate. The latler eriticism is
Mzmlaﬂy pertinent as Malloch himself has shown that maltoss production
is by no seans independent of the concsatration of the substrate sven
under the conditions involved, Geldes, using both wsthols {Malloch®s and
*added diastase™) to determine ;tarah resistance of diffsrent “uhea’t
varieties, obtainsd wide differences in results, His data indfcated
clearly that no relstionahip existed beiween the series of xesults obtained

by Malloch's method end those mm the added diastase mtha;ﬁ,.‘ Commanting

on the dats he expresses the belisf that the yesulis obtained by Malloch's
mothol wers eyronsous, and profuces substantiating evidence for his
statement. That sueh results were cus to his lack of familiarity with

the method, as suggested by him, is inadmissible, s it is highly

improbable that eheoks sould have been obtained in soms twenty determinations

if such was the case.

) 8o far no mention has been made of the importance of a
knowledge of starch resistance to the technology of milling and baking,
:gmtar as the practical baker is concernsd, imrespective of the aam;
the finel gassing power of the doughed flour is an imporiant consideration,
but whether this power is the result of & sugar supply cbteined by high
enzymie content or low starch resisiancs is fumaterial., However, wheats
are frequently emm%emﬁ}whiﬂz though perfect in other respects, yleld

£lours which lsek sufficient diastetic activity, Correction of this defect




in the flour cen of m be m by a&é&ﬁm of malt flours

t&ni&hﬁ m&m. mmﬁy the mim inmhea the mk »t |
yzemiytia mivity, a eeuaitinn which m&zaras 'ﬁa pay may Nsal‘k in the
development of hm mxm‘m ‘Daking chamahriatim. It ia aviﬁmt
therefore mt the problem involved 1s such as o merit the rnnut |
investigation of every phese, | |

The precedisg diseussion has mmma the ladk efaw |
mothod which may M assmed to give a Sruly quantitetive weasure of
wlaehﬁie mpﬁbﬁ.ﬁy of éifreram atm In view of what has
heen mwﬁ aitk rogard to the gm@tﬁm&. side of ‘s!ze guestion, the
mﬂ ﬁar sush a mtho& st be evident. Zt was thararm' chiefly si%h
‘ tlw ebjaat of ai%har waxving mek & mothod or determining the s&itnbinty

L

ax aithar of the ;:wrimas mtheﬁa, kaa:s this work wae Mﬁm:h




in this work, was the developman

detarmining the Yesistants of whent ataveh to dissteses, 2w
extension of the problem to & study of veriations in stapeh resis~

% of other starch eheracteristivs, whieh
it soeeed might possibly perclisl ihis property was also indufed,




Z‘arm m ysrh the aggsm%&sm& in this work was
of the standard type. ﬁam 1ittle deseription is necessary.

A1l disstatiec activity determinations were made by the
ﬁmmuﬁzfﬂ%smg the apparatus employed being of the usmal
type. The thermostatic bath was a Freas Elestric water bath.

An Zlpine Sun lsmp, Home Hodel, was employed in that
portion of the work inakiehaﬁm-vm im&iﬁion was Involved,

Wherever mminam necusesYy ;;s Intermational
Centrifuge, size 2, mnaw.

Wyﬁw deatail of mors bl

a1y ammlm apparatus
%ill be given in those soctions in wh&a& meh apparatus was
Wlﬂwn
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I WHEAT DIASTASE INACTIVATION EXPRRIMENTS
{a) Inmactivation by Ultrs-Violet Irradistion

A deseription of Malloeh's msthod of determining amyloclastie
susesptibilitiss of sterches in vheost flours has been briefly sketehed in
the immetm._ As has been indieated this method hes proved somewhat
unsatisfactory, the fault prebably lying in the incomplete rowmoval of the
ehemiea}. inactivator by the washing ;gra#&asg Hones 1f the saddition of suck
an fssctivator could be avoided & solution $o the problem might be achisved.

. ‘Seversl possibilities were indicated by & search of the

literature on amylases. ‘

The mt promising of thess was suggested by the work of

0h?%) Pincussen{3%ami several cther investigatars

fhe resulis of these investigators'work showed that ultya violet irradistion

hag a delinite iraae%iva&ing affa#ﬁ on awﬁ&m. A8 investigation was thersfore

- projected in which the applieability of this inactivation %o whest flours

was to be determized.

In orvfer that inpetivating effects might be most proncunced
it was decided at the inception of the work %o earry out all ezperiments on
a flour, high in éiastatie aeﬁvity,ifzm willed from spronted wheat, hﬁm

1. Dry exposwue to Ultre-Violet Irradistion.

The firet inactivation experiments wore garried out on ﬁw
dry flour., The mwﬁw was $o spread out s quentity of the flour ina
shallow layer no more than three or four millimeters in depth at eny poi i,
The u&tm-ﬁa;st lamp was then g&wﬁ so that ths flour wag shout twelve

| inches from the mercury arc. Procautions were {aken to ensure couplete




e of all flour particies by sisply sweeping the floar up intoa

hesp with & cemel’s hair brush and red
:’ Exposares ovey verying pericds of time wers sads, -'ﬁa%wimﬁim
of diastatic metivisy of the espossd flour being made within en hour after
eaposure. The dats obtained is given in Table I, all data given is the
‘average of triplieste dstoruinations. | '

e mtit mmw ﬁ S&mﬁtﬁ mr, ?w &ﬁ”

From the data given it is obvious that no inactiveiion

rasulied from fha $rradintion, Sush variations as do sgm are obviocasly
aus %o experimental exror,

It is therefore apperest that no insctivation sey be
acsonplished by ultra-viclet irrsdiation of the dry flours

2e mmm of Flour indy

" mext step was to determine the offest of irradfatiom of the Tleur Im
“ The following is an outline of %he provedure followad,

Inactivation of the &ry flour having proved um

wo five gram i of the flour weie sach susponced in

4 ec, of 4istilled water in iwo litve beakers. A spoonful of sterile

quartsmﬁ was added to ench beakey and ons atthe mmmmn goversd
with & plate of glaas The beskers were then put in ies baths and places
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undor the ultra~violet lawmp. Both mispensions wers constantly agitated
by shaking in order to keep the flour from settling out of suspemsion,

o litre beakers wers chosen in this experiment in order fe‘ '
eaxpose & mazimin surfsee to irrsdiation. The sand was introluced so that
in shaking the suspensions e more efficient agitation of the flour m
o obtaimed. As during the oxposure & tortain emount of diastases would
take plaogs, ike -mgsm;ang wers kept at er temperature in the ice bath
$o reduge disstatic activity to a mintmam. The plate of glass over one
‘of the beekers served to scresn off tie ultra vieolat radistion, thus
Providing e control which sxespt for the irradistion hal been subjected
- to &ll the trestmsn$ of the irradiated sample.

~ After the two samples hed been wh;;#M $o twokbour
irradiation, they were removed from the ice batha and placed in the
thermostatie bath, The proeedure from then on was fdentical with that
premeribed by ihe Blish Sandstedt methode -
fThe experiment was repested four times, the dals obtained is
given in Table IX.

W&mﬁm ﬂ:f i‘im amm ky 511;1'&-?&@1&%

mmna &eﬁvﬁr
a: m

635

The date in Table II indieaies u definite though pariisl

insctivation. Although every possibile precaution was taken o standardize
$he experiment wide veriations in results sre noticesbls. I% is therefore
evident that the method was such as to reguire considersble wodification




iz mm zaﬁmamkk results wra to be obisined, However, it was
eppavent that inmetivetion by ultra-violst radiation merited further
inveatigation, At the samp tiwe the noesseity of a better method of the
procedure than that used was evident, mot caly that results might be
duplicated, bul that 8 wore rapid inactivetion and hence a smaller interim
dfastesis might be achisved, | |

In considering metholls by m& the mguim resylits mm ba
achisved, vertain ontstending feetures heé to be emplusized,

'The procsdure had to be suck as io lond itself sasily to
. rephoducable resuits, 1.5, sasily standardized,
X% bed to be éf“a type thet sould be utilized in seriea ]
doterminations, 1,0. Pequiring & minimmm of attention during the procsiurs,

It woe ossantial that disstands duping the procedure be
negligible. This was largely a matter of rapid insctivation. Such mﬁi&
| inactivation could only be seccomplisbed by the fullest possible exposurs
of every purticls of floure

Aftar %M&m&# emxim the spparatns represonted in
diagren {1) was dewised. This spperatus eppesred to most mearly fultsd
~ the zequiumm of the proesdure sg&e&ﬂaﬁ shove,

Wiazw the cpparatus consis$s of two m@r&e @m,
the outer of eellulofd, the inner of glass, A water tight compartment
bastween the two eylindevs provides a chsmbar for the flour izz water
guspension., The mm iz cooled by means of ice ﬁnm ﬁsea the central
glags tube. ITwo such units are provided for in this @mmﬁasﬁ They |
were mounted, and revolved by = pulley system connscted %o & motor whose
spoed hod been reduead by a rhacsiat,

The procedare was tc put five grams of flour and & mpoonful
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of quarts into each of the hollow eylindwies) chambers, add 46 ec, of
ﬁﬁﬂk&mmmmmﬁmummﬂﬁmmwmnmmawmeQQﬁsaﬁl«&s
indieatofd in the ﬁism. The inner tubss were then packed with ics aut
eoriked, snd the units saused to rutats slowly by means of the motor. The
meXeury arc was arranged @0 as to irradiate both revolving eylinders,

The outer sslluloid sylinders provided fairly free m&g& to the
wmm4hh$ﬁﬂﬁ&mwmﬁmﬁwwwnmmwhﬁaﬁ%mawaﬂmmuma
wwﬁaﬁwawtnw%ﬁam&mm

After irrediation the cylinders were taken from their stands and
after removing the ico were plated in the ii:amaﬁa‘bt and the ami Biiﬁ
Sﬁm‘k procedurs followed, | |

A seriss of axposures were made for & fferent lengths of time, |
&ahmmmmwwﬁmmﬁ%itﬁkwmﬂ%%a%mym&mﬁaqmmmﬁx
awnm%.qu%rwpmﬂ&ae&&ﬁa&%mmewmmuﬁﬁﬂumw
hﬁ%ﬁ&n&mmw@mﬁmmmﬁ%mﬁﬁﬂa%&n&tﬁs%muitﬁ
the Sometivating effoct of ulira violst had already been demonstrated it wes
not deesed necesssry to again use controls in %hia‘ series of oxperiments,

The results of the experiment ars ‘eollected in Table III.

%ﬁsﬁb
muuuamﬁﬁwaﬁwxwmubma@mm

ﬁi&&nﬁe A&tivity
inmm&ammwﬁ

423 -425
452 . 46
547 - 521
5% - 550

ﬂnww 

mmmmmuMMmm&wﬁkﬂ%ﬁw@hﬂym@mwaaam%ﬁ
Memmaw&ﬁm&ﬁhm.smﬂ%mﬁmefw&mmuawuwaﬂew
faet clearly. WM¢ﬁammﬂamimﬁﬁ%&imﬁﬁﬁ@ia%ﬂ%ﬁnku
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@ slow prossse, further it is ovident thet disstasis proceeds st a faster
rate than insetivation Guring the exposure. In addition the results were "

8till unsatisfactory as far as duplication was consternsd. This last faa:{tf

my, eould probably be eorrectsd i€ & more ampxato and rapid inaotivetion

could be atteined.
3. Irradistion ¢f Flour Suspendsd in Buffer Selution.

Up to this point, although definite insctivation by ultra-
violet irrediation had been demonstrated, the immetivetion had baen too slow
and incomplete to be of any practical application. However, one more
possibility of the methed still remained to be examined,

Pincussen(L) has shown thet the imotivation is greatest at
the optimum pil for the awhse. | Thevefore there was the possibility that
insetivation m&z ﬁa &m@nﬁm bafore any great degres of diastasdis took
place, if mm of ﬁi-#&iih& water & buffer of pH 4.6 - 4.8 {optimam pt |
for wheat disstese) wes ussd., The préssed

_umﬁmnt was therefore
myeaﬁa& using an scatic m& mm acotate duffer of pH 4,7, instead of
distilled water. The data Wam in m:.e w ngas the results of this

Table ™

. The data given above show ¢learly that nothing was to be gained

by use of the tuffer, If auything the figures arve higher for the buffered |
saspension, probably due to the inmm& diastasis induced by an optimn pH,




4. Discussion and Interpretation of Experiments on mm-
Viclat Irradfation a8 a Heans of Insetivating Diestass
in Fhest Flour. , v
In goneidering the zesalts of the previcus axgarimaﬁ#, it shonld
l'ke kept in mind thet insofar as this work is eoncorned, the Mi.tatisn ie
ussful only to the extent to which it may be applied to determinme amyloe
slastic suseceptibilitios of starch in wheat flowr. Xn part 2, a definite
ishibiting effect has been demonstrated, but the value of sach imactivetion
as uas ovidenved is minimized by the succssding experisents,

The following points are presented as strong arguments against
the prastical epplication of ultre~violet irradistior for the dssized |
parposes. | '

(1) The great 4ifficulty that would be fnvolved in obtaining
Suplieate results that cheek would make it unsuitable for routine m#‘ki )

(2} e inactivation 1s too olow to make such imactivation either

sconouic or practicsl, as either a largs battery or mercury are lawps or
& lomg period af time would be nevensary shoulé it be desired %o aizgly
the seilod to any extensive work, |

(§)  The large amounts of msltoss profuced by dissteses during
- prolonged exposure, sves at low teupsrstures, are sueh &8 %o meke the
ezperimsntal aeaiam of the wolbod when applied &igmar uneertain,

(4)  2ven should the above yeasons bo dsemed insufficient and the
inaotivation be acconplished by irradiation msthods, the effeet of the
large Wa of maltoss producsd, during tbs process, on the diastase

that amst be added %o complete She detormination, would be extremely
indefinite. In all probability a strong inhibitory effect would be
‘produced &:m; the result that amyloclastie susesptibility determinations
on this method would be valueless as & $xue index of stareh m&iﬂm‘




i
i
|
|
i
{
:
h

- 37 -

For thess yeasons sltra violet irrsdistion as a means of
fnnctivation of wheet diansians m gonsidered inspplisable $o the wm
ani the methol was discaried, |

(1) Inactivation by Bleetricity
“The im&mxm sffeet of ulira viclst radiation has alwady

bean discussed at some length. 4n axaming
that the power to change dtastatic setivity is not limited to ultra-violet
wﬁinn but extends with warying amﬁs throughout the speetrun, ﬂmr

imng or mmas.ng the setivity of the dfastsse, &lse mrimnts by

tion of the literature indieatss

Baly and Semmends'32) ave indieated thet specifie effests on dfastase

are produced ‘.hy‘ plasn | Yight., The destmuotive effect of heat on

djastase is encthor phenomena s familiar that it meeds noimore Setailing
here.

ing consideratiops, ﬁsmaa ammn ﬁw fact that

«am%aaa is extrswely sensitive to many physical phemomena, Hence it would

nae seen too mich to expect that such sensitivity might also mgupm
$0 an alternating ax«ewiz gurrent, It was tmvafeﬁ decided %o mﬂa‘&igaﬁu
the sffeset of an electric surrent on the diastetiec activiiy of a mpamicn

of flour in water.

The spparatus used eonsisted of two platimum slectrodés and
8 large 150 cec, m%rim tube,

The pmmm was only aughﬂy varied from the oviinery Elish
Sandstedt method, the main variation being thet the 150 ce. tube wasg
substituted for the 250 cc, flask spscified for the method, Imssdiately
after flcur had been dispersed in the buffer solution the two platinum

" sleetroles were immerssd in the suspsnsion and connscted o 2 110 velt

4.Co elreuit,  The electrodss were fixed in position by mesns of & cork
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care being taken in their a&:mm that the mazimum pms.hla quantity of
tugamaa 1ay betwsen thm. _ _
Irrespective of the tims in which ths suspension was subjected
to an eleetric current the total time of digestion was kept wnaiant. 1.0,,
ome hour, to conform with the demands of the Blish Sandstedt method. For

instancs, if ths suspension was subjost to the current for 15 minutes another

45 mimutes ordinary digestion was given,similarly sfter 30 minutes exposure
to the current wmﬁm‘r 30 minutes w&a allowed, The procedure was of course

carried out with centrifuge tubs containing the suspension slveys im

in the thermostat.
Care was taken throughout the praﬁmt that no setiling out
of the suspension took place, the %ube being agitated svery five minmutes.
The results cbtained are tabulated in Table Y.

The ﬁﬁ‘aﬂ ef & m ‘Velt ﬂtemtins &‘m&ﬁh OR

ﬁ‘im of Exyamm 1o | Diastatic .&#ﬁivﬁy
ish Sendstedt Ulits

488
492
486
a7

m variations in activity noted were obviously aunch as would

be expected from experimentsl error, Quite definitely the sleetrie current.
had heé no effect on the activity of the diastase. Therefore the conelusion
18 evident that as a means of inastivating wheat flour diastase a 110 volt

alternsting current is useless,

(e} Inactivetion with Copper Salts.

| Ling ana MeLaren(33) gemonstrated the insotivating sffeet on

: mz &mtm of smell @mtttioa of aem:ar ml‘ks. Thess resulis ware

: mﬂﬁaé by many workers. The work aﬁ' Javoby and Shsmtm("} has indicated




that this $nactiveting effeet of copper does met extend to

It was hoped therefore that the differemtisl effeet of copper might be

spplicabls to the problem being deslt with, Thus copper could bs w to
insctivate the natural wheat éiastm, taka di&szm eould than be added tm&

the amyloclastic susceptibility of the sta:& m.

The tentative method oatlimé, however, pma& iﬁpractim ia
apylimum, A1) aceurate mothods of determining diantstic activity are
m, on a masuring of u&se:ing sugars produced in éimﬁan. A8 the.
concentration of the reducing sugars is invarisbly gsuged by the mﬁas _

,aetm on elther sikanne zaprie mit solutions or some otha:- saxmieh of

an oxjdizing agent of definits eoncentration, the presence of any sﬁ&&ﬁm&
eupric salts would lead %o inacturscies. All expsriments in which ‘& mapid
removal of the ecopper present was atiempted proved ineffective. The sddition
of other reagents only introduesd new couplfcations and so thav- ént&e&m
discarded, |

11,

Seetion I hes dealt with the sttempts fo immctivate the diastass

present in sheat flowr. From the evidencs pressnted it was cbvious that no

method bad appesred es sultable for the purpesss required in this mzk. ‘
In the introduction as cutlise of what bas bean termed $he Bﬁﬁ&ﬁ

diastase method has basn given,; and the ahjanﬁem to this method, as pm&taa

by m:lmh. bave been indicated. The chisf of these a&jast&aas was the

pasaﬁsﬂity of & supplementary effect of %he $wo diastagee, 1.., an

irkibitory or stimalating effest of ome disstase on the other wae thought to
osecur. Should 1t therefors be possibls to demonstrate thst no suoh sffsct
ezium, the main abjuet;iw to the added disstase metiod would h removed,

With %he object of determining if the sbove mentioned sffocts
414 oceur, the following serfes of sxyemfs;wasmnm‘
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{a) Preparation of Wheat Flour Diastese Eﬁmﬁ.

_ The first step in the new series of investigations was the .
deyolopmant vaﬁf a mﬁkﬁa&mgaﬂng & éi‘astatie&il& active extract of wm B
flour. | | |

| Thateher aﬁ.& MB 5) sucesaded in obtalning such oxtracts from

~ wheat flour by simple agueous extraction. In their work they domonstrated

that such extracts eould be obtained wsing ice water, thus ilmﬁmﬁng that

diastase could be extxacted uninjured by such trostment. Ueing thisana

basis tc work upos, the mmm procsdure was evolved,
4 ‘Wﬁfzy of flour was weighed out into & 250 ec. esnirifuge

‘botile. Seversl glass beads wers pub im and for mryﬁu.m of ﬁo&r '
15 ee. of iee water were added., One or two cubes of ice wers alsc added and R

the bottle wes jumediately corked and shaken w vigorously to prevent the -
fiour doughing. %he torked botile was then plased in a myehanical ahakm'
an& shakmx up for 60 minates, after removing Lrom the sheker snother mh

- of iee wae added and the suspension eentrifuged. The mam:mm liquid wan | :
ecanted off and enough iee water added to it $o bring the volume up to 26,60 gﬁ. _"

for awxy 5 grams of flour sxtraeted,
Another solutfion was then prepared in whieh 3 cc. of glacial

acetic aeid and 4,1 grams of anhydrcus sodium acetate were éissolved in 250 Ma

of water. One part by volums of this sclutfon was mixed with three parts by -

- volums of the flour extrast. This buffered the flour sxtract to a P of 4.6
»A..#.‘a» Zvery 36 ee. of the m}.ﬁtian contnined the extraet of § mﬁs of ﬂm, ‘

The rwascn for m:%% Bp o thia mlm win be discussed later.
The extract so propaved was ‘now xa&ﬁy e test for activity, -
The tests were conducted smch as the ordinery Blish Sandstedt Disstatie

Aetivity tests &atsminatiam, the buffered m:me%, however, mm substituted |

for ths Mimxg sodium acetaie-acetic acid !mff&r mintim.. andt mave ateesh




e
,m&aﬁ*ﬁam tor flour,

In order to mm%ﬁf the maltose estimsted at the onmd
of an hour's ﬁiaaﬁaﬂgg; waa due to the astion of the am on the starech
v %ﬁ, and not to diastesis during extraction a Mﬁh of sxtract was
inactivated and its mgar‘ﬁanﬁeatmﬁw#awmm at sxaetly the ssme
time 88 the digestion of the test mgza Wﬁ started. The maltose produced
after an houz's 8igestion was detormined by the ordinary Blish Sendstedt
procsdure and the diffarencs assuned to be dus fo the activity of the
sxtrast, | | | |
res in !‘aﬁ.e ¥1 indtcate the activity of extracts from

two different flours.

2 (3) ' {2) (3} = {2) - (1)
Extract from lig. Maltose por Ng. Haltoses per ¥g. Maltose dus to
. 46 oo, extraet 46 so, sxtract Astion of Bxtract
k&faxa digestion afisr 1 hour's © #n Stareh :
&i@aﬁi&a witk ‘

1Eerd TS a0 s
sgmm 63 : iw -1
As noted from column thres a fairly active diastase solution was
indfeated by 1ts astion on the stareh. Purthersors dlestasis during extraction
{wlm one) was moderately low, e extract so obtained was therefore |
considersd suitebls for m required purpoms.. | |
{b) Preliminary Zxperiment to Determine thm#y of Aaitive BeLect
of Taka Disstase and Wheat Diastass.
1. Teka Diastess - This diastase preparation was cbtained
from m:ke-mvn. It is in powder form snd specified as Mﬁnm, '}M; |
. The ynyam‘k;iag is identieal with that am.v by Geddes in his work mmm
in the introluection. 4s both Malloch and Oeddes found that about 01 gm.
per § ¢c. of sabstrate was a sulisbles proportion in their ‘imi@%};iﬂn&:'
the mame Mtiﬁgg wors used in this mrk. The methold used was to dissolve
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‘ 2 ﬁmnti%y of the ﬁiﬁﬁaﬂ& in the saé:{aa aaamg acsetic acid aomzioa ga
) that 01 gas, were ﬁu&%ﬁmﬁ 10 ee. of solution,
It shonld be noted at this yaia% mﬂ in preparing ithe wheat

extract the dilution was so plamned that 36 oc. of extract contsined.the
diaptase from 5 m. of flour. Hemes as 36 ec, éi‘ extract, the extrect from
$ gma, of flonr was sdded to 5 gus, of _aMh on approximation to m&iﬁm v |
es they exist in onlinary flour digestions wes achieved. Probably it should B
alsc Bo noted that the extract wes st the proper buffer strength, pH 4.6 - =
4.8, Therefore by simpiy adading 10 ce. of take a&am” solution, slso |
buffered, or 0 ec, af plain buffar to the 36 eo, of diastase extract, ié e,
1in a1l of buffer had besn added to the substrate end ihe speciffestions of
the Blish Sendstedt method complied with. |
" The procsdure was to place the wisst diagtase -sxtzﬁet, the
%ake ﬁiaatm. and the plain buffer sclubion, in the thermostat. ag the
same time three flasks sach een%a&niag 5 ems, of starch and a spoonful of
" sant were also placed in the thermostat. When the temperature of the bath
h&d_bwa reacked the following were sdded to the flaske, |
Flask (1) 10 ce, of teka dtastase snd 36 o, of plain buffer solution
Flask (2) 36 eo. of shent disstese and 10 es. of ylain buffer selution
~ Flask {3) 36 cc. of wheat diastase and 10 ce. of teke diastase. o
As nearly es possible the ons homr's digestion was ryun wnmnﬂ; -
_ OB all ihree rlaa&&, 31% the aid of an sssistant it was founmd %h&t $he
wolutions mzé be 2dded to 3ll three flasks withia two aiftnutes, and as
_ xmxmm at the snd of the digestion amﬂ.é ba amxsﬁam in less than
& minute, no more then s 3 mimate error ceecurred. Bithin the author's
experionce this error doss not largely influencs results of diasstatie acﬂi&zﬁy
ﬁo%amimtiaa. %a reainder of tlw procedure, 1.0. imaitatiaa sutolyses,
 ete., were conducted aacorﬁing %o the Blish Sandstedt mtﬁaﬁ and meed mot
'aa detailed here,




The azwrimﬁ was repested several times =ith the sume starch,
Tabulation of the data is given in Table VII.
Table VII

- The Hutunl 3ffest of Tuo ﬁi&mw ﬁarmg Simltansous
: mgmssn of Stexch,

(1 (21 -3 (4 |
by nmm with .ax, by Eigamm with (1) £(2) by Bmataen ama
&, Teka Diastaso ¥heat Diastase, Taka Diastase Pius

v , ‘ , _ . ¥heat Liestase

W . s e

109 — 137 244 ‘ |

Colum thres in Teble VII s uorely the sams obtained by aaaiag
results in columns ome and two, It will be observed that the effects of wheat
diastase and taka diastase acting mgm@m shen mmmed closely spproximate
| | to the ~aftaa§a of the two diastases whon aoting togsetber on the mams .aakttréts..

It §s belisved that sueh variations from a directly sdditive effect as are
| cbserved may e attributed $o $he unavoidable experimental error iuberent in
| The above m may therefore be taken to indicate that for the
particular atamh ané Ein%m used the disstatic activities of the two
é&aﬁamﬁs are sdditive,

It mst, however, be mam ﬂmt &8 !ma above marimats were
performed using only starch fmm ose wheat ani diastase extract from one wheat
| the results cannot be considered as conclusive for all cases, Further work

_warying both the stareh and the disstese extrsct were therefore undertaken.

-{e) The Pyeparation of Bt

Bafore proceeding furtber with the mwsatmnm'it wan 'we»mw
to prepaye starches fram the é’ift/emﬁ fiours, As thess starches were also w

be used 1&&&& for purposss of cospurison, it was thought sdvis

ble to praare

‘them in a manner- that would emsure the least possible chamge in characteristiscs,



o mxmam{’s)mwemawmum@amngm
from ﬂaat flenr, which provided an amlisaﬁ hania to work on., Ths ghief
sivantage of this method 1les in the comparatively mild trestment %o which
the starch is subjeeted during isoletion. MalloeWs work has indicated,
homever, thet even such =mild treatment as is used in the preperation, changes
the amyloclastie suseeptibility of the starch. The ether wash especislly
was shown to bring about a lowering of starch rosistanes. Bofort prosseding
w&th the preparation of the atarcies it was determined, therefore, to maks & ,
%}m‘a@ inyestication of the affect of the varicne magasts ueed on the amah.

Up to the enc of the 1f sodium chloride aash, the procedure followed
in these tests wam identical with that of Bask end Alsberg. After repested
weshing with éisztﬂ.h&, sater had removed all traces of emm’met‘, & W}@ of
the starch at this stage was set sside to dry in a warm dry current of eir,

The remaining starch vas then washed buice with 95% aleohol ani a semple of

‘this portion set aside to 4ry in the sowe mennsT a8 the previous sample.
The starch mmiaing was washed %aiea witﬁ myamus et&m- and dried as the

Pprévicus portiens.

astie susceptibilitios of the thres samples were ran

soneurrently using «O1 gms. of teka diastase as in previcus tests,

Tables VIIX

inyloclaatis Wﬁayzzmntiu er Ezarehu aukgm
bo Differsut Troantmunt du Sxtractions

315 Sodfum Chlod de
- Alcohol and Bther

¥ i 8s
61 ”
84 | &

Table VIII shows the variations in susceptibility dus to eath

treatment of the starch., The varietions within sach column ere dus to the

faet m% a &éifferent solution of tuka ﬁiﬁmu was prepared far each set of

&mrﬁ&&%im It is of special interest that tlese variations in the .




strength of the solution oscarred in spite of the extrous cere with which they
uxspmpaua. Consideration of %Ms point will be given sgain in & hm.

- seetion, The figares given in the tableé searcely need suy comment, The
mm, wash hed practically mo effect on the ataéan resistance, whereas the
gffect of the ethoy Was most pronounced,

The above work lsad to two important cond usions,

(1) The starch resistante is lowered by sther wash and & is therefore
mma#ry to omit this part of the process in preparing starches for amyloclastic :
susceptibility dohmimtims‘ _ ' E

{2) In spite of the extrems cure in meking the solution, the spparate
preparation of two taka disstase solutfons with the same diastatic power is
impossible. Por comparative work on diffsrent starches therefore it is
#mnﬂai that & series be run using the same solution of the diastase
$hroughouts |

{(4) The Materisls

Baving finaelly determined the @mmm to be used in mmmg e
starches, & selsetion of flours was mads from which the starches wers to be
extracted, These timrs ware selacied with the view of obiaining a sariea of
flours which would fairly well re;ei‘afmi all the a&jo:\é mﬁaﬁieﬁé in world
wheats, that ere generally emesuntereds” '

Table IX gives a list of the wheat flours ehosen along with the
woisture, protein, snd ash content. The protsin was obtained by the usual
Kjeldahl method, The moisture content was given by the moisture émﬁn off
- by hesting at 130°C, for ome hour in am air oven. The flours were ashed
in a suffle furnace for 12 hours at 1000°,
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8.34 J‘T
Lo L ‘
3237 ohl
13.09 o2 .
800 A of8
12,68 .+ 4

in the maper aimﬁy inaieata& vxz.

’hgnah

Garnza :

Babia Blenes
Ro,. Omo m 533:&1&&1&
Australian

The starches wers prs)
‘by the Bask Alsbezg method oﬁ#ﬂ.ng the ethar wash. Agter being allmé to
dry for twenty-four bours in a streum of wars dry air they were placed in glass
flasks and carefully sesled to prevent chengss in moisture content, The
gntﬁasiye drying to which Bask and Alsherg MW their preparvations was
omitted as no particular need for such sn intensively dried starch existed,
. Protein, molsture and ash detorminstions were slso run on the

prepared starches,

: mm m:am 6.36 39 B ;T4
Aaﬁmm | 6.60 30 ,g
Dyram Te11 o2 08

The ash and moisture content were dstermined by the sawe method
~‘@s that used with the flours, The protein was determined by Folins Micre
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{8} Imvestigstion io Determins if s8éitive Bffect of Diastasirs Im%ﬁs
wbon Applied to ﬁiffams Varieties of Sterch and mata&éa of
Different Originm. _

the starches baving been ﬁxaii:sm, the zethod svolved m'wctim
II (b) was applied to detormine whether the additive sffect applied,
irrespaciive of the starch or natural sheat diastase usell. Two sories wers

Tun using the above listed stareies. Ine ome series whest diastase extract
from sprouted whest was used and in the othsr seriss disstase satract was
made ma Ho. One Havrd sound whent. The extracts wers not prepared $ill
immedietely before the series in which 1% was to be usel. This was done as

e precaution against both bacterial setion on the diastaseIhne produstion
of unduly large quantities of meltose Gue %o the action of the diastmss on

smalil quniities of starch, mmiﬁekxg remaining in the zoluifon afier -
. @xtraction. | |

Only & slight modification of the procedurs previously used was
necessary: In the preliminary work the enbire wheat dlestase extract wes

placed in ihe thermostat o reach epiismum temperature snd the required
quantities yiwbtﬁ off a8 required. MNodificat m; of this procedure for &
large series was necessary Tor several reasons, ‘ |

| It was nevssssry %o rum the semples ®ith taka dinstase, wheat

diastase and take disstase plus whest diastase, eoncurrently if the tme

effest of the two diastese on sach cther wes to be dstermined. This was
naturally much aimpler with one set of samples (thres Soterminations) that
it would be in & series iz Wi theh eight diffsrent seis (My-fm dstere

minations) < When the larger serics was to be run, consideratien hed to be
token of the aﬁi‘f&@ on the whuat dimstase splntion of romaining at nptm

temporature and pH for soms sevenr or eight hours, The dissdvantage of sych
& condition lay not only in the difficulily of obtaining securste results
dus to the large guentitiss of mslioss proéuced, but alsc in the unpredictable

offeet of such amtiﬁ:s; of majtose on the <iastatic aatim of both the



meens $t wes possible to wun the series of eight starches (3

1&&&# and teks dzastase, |
The aiffieulty was obvisted by keeping the flask of diastase
axtract packed in ics t_hra’:ghmt the series, Experiment showed that ten
to fifteen minutes gave ample tims for the 36 oo, of the extract to resch
the temperature of the bath when placed in it, provided suffictent surface

was axposed, Henes the procedure adopled was to drew off two 36 ec. qamﬁzu-g_:

of wheat disstase every half hour yiaeing each in a long narrow test tude
{%& espsaye ag great as pomsible surfate etgmm} in the thermostai, ﬁy'ﬁm '

@igestiona far each m&} with the sams whest diastuse akat, and without
any femr of &amim‘aian of the extract before the figzah of tha aazfiaao
* Bxeept for the modification descrided above the tests were run
exactly ss in the proliminary expsriment, a se of thres flasks boing put
in to digest every half hour,
m mesults of thoss seriss are givm iz Tables XX anﬁ xn.

able XX
%m,ta ﬁﬁmn& if .ﬂ#ﬁi#ﬁ‘l‘a :@:m of ﬁhnat

{2) {3) - td)
_Frofuted m«a
by mat masun () £42) ’by Digestion W th
Bi@u ¥heat plua Taka
. . Disstase

279

340
244

English 5‘,“ T 210

110 2350
Y 200

% 220
g2 210

106 2.

aggaazg‘
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laltose produced Maltose produced Yaltoss produced’
by Taka Dimstase by Wheat Disastase (1) # (2) by Pigastion with

Digeation Msea%ka : Whest plue Talm

vﬁiaatmv v

e 65
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60
b5

% 213
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Is both tables volumn (3) is es indicated, obteined by merely
sdding the results gives iz eolumms §3) emd (2). Comparison of columms (3)
and (#} show thet the ugreewont betwsen the added individual effects and

the eoffoctbf the %wo dimstases, ueting Sogethsr on the sswe sebstrete, is

guite closs. Zven 1f the ¢iffersnoes noted are sigaifieunt the effect of the
two éiastasés is sc close to wdditive as to mﬁkﬁ tho added diastass mthod
| = fatsly acourate meens of estimsting swyloslastie susssphibility in flour,
From the evidente produced it wae concluded that the added
disstase method gives a true measure of the relative Wﬁaﬂig mm&snsag

of azawa in ‘2’3.%?:




wmmmszm?«m.

In the previous section it hus been &ammtmm that the aaamn |
diastase method is at least mfﬁcieaﬁy ageurate 'ka permit of its use In
estimating starch vesistancs in flour. This method was therefore ussd to detere
mine the relative amyloclsstie suseeptibiliiles of the aisht‘ flours alrealy
1isted,

| In order to ensure that the rTesults obtained might be atxmux
cmamm a M&in mﬁ af preliminazy work was aama&ry.

(8} Effeet of 6@@@%&%&::. of Substrate oh Dieststi¢ Produstion of Maltoss,

¥slloeh investigated this guestion with surprising results. Despite
the large excess of substrats consiferable varlation in redueing sugar was
profuced by varying the substrate gonsentration. |
Nanwh dsmonstrated this by using %}m same concentration of gubatrate
m:& 20 and 12 grams, Yaristions of as much ss one hundred millfgrams of
maltose wers produced by a chenge in cnncentration from 8 o 12 grams of atarch,
“ 48, however, lislloeh's work only covered the above nentionsd "
emmtmtim and sll eoncentrations in this work wors in the meighborhood fat
5 m. 3t was thought advisabls to aammim the sffect of variations in the
| neighborhood of § gms. .
The quantities of starch used wore 4, 5, b and 7 gms. of stareh
case, Table XIII abows the results obtained. In Pie. 2, those resmults are
$lotted and show an almost perfestly linear relationship. Thie is the seme
as t&a rosulie obtained by mlieeh for larger guantities of siarch,
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" feble XIIL

Tho Varistion of Diastatic Aetivity with Concentration

Bubatrate
amgex‘f Stardh

3
4

17
It is evident from the above that if the amyloslastic sesceptibility

of & saries of Tlour, as determized by the efded diastase wethod, ere to be
Wle, the flours mast be weighed out on & constent dxy rataréb mxa,
(b) mummtm of Relative Amyloclastie Suseeptibilities of Plsurs
and ¥Fres Sterches.

The Impossibility of reprodueing & dimstase solution of exaetly
the sume strength as any previously prepared obe has been already msntioned,
Further it wes ths sutbor’s &wﬁam thmaghwt this work that diastuse
sclutions rapidly dsterioraie, suck dsterioration being mfziw&&% within a
‘period of mﬁyufwr bours. Hemos sny series in uhm Gomparable results are
nxmmﬁ st be vun using the sams dfastase saiaﬁan throughon

t. In eddition
it is espential that ilsvs be not more ihen 12 to 15 houre between the Pirst
and last éﬁtaminaﬁm of & serion, |

In the following series & éigestion was started svery fiftesn |
mizates =0 ﬁ:a% in & series of 24 done in duplicsie, tham wes no more than 12
hours between the first and last ‘digestion,

The ﬁs&%amimﬁma were ruh ia the ususl senmsy with only ons slight
variation Lrom the ordinayy added diastmse wethod. This was the weizhing out of
flours on the consient pure dry stapel hﬁa&im Diastatic setivities wore run in
the amai mamnsy on the plain flour and on the flowr plus diestese. In ihe sams
series amyloclastise mmmiﬁiiiﬁuﬁ of the z‘m ama wers also ﬁntammw&:_.
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(0 - m - {3)
laltose profused  isltose producad = Awmyloslustic
by Uigesticon of by 3@@1@ af Sunceptibility
Fiouy with Tekn Plour of ¥lon '

Dinstase

m. One Haxd 470

Bahia Blemsa 45%
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 Table XIV shows the results of the seriss with the flours, The
amyloclastic susceptibilities in colwmn (3) are obtained by simply subdlracting
the results in column (2) from those of columm {1).

As shown by previocus investigators wide varistions in snsceptibility
are noticeanbls, Of particular interest is the remarkebly low susceptibility of
the English in comparison tc the others, Kanyed represssts the least resistant

with n susceptibility of ebout 508
state is Tepresested by the Ho, Ons Hard sound end No. One Sprouted,  considerably

i, thet of the English. A vether pussling

bigher susceptibility b&m inkieated in the sound than in the sprouted. Wheter
or not this is typical canpbt of course m goncluled from these mzta. o

' ,ﬁhﬂnié, #amaz-, such = state be gvaami, a mﬁm axplanstion suggests itself,
It has frequently been notieed that the stareh gramles nearvest the

are the most mpﬁiﬁ& to amylases end during sammtmh these granules
are the first to be mected on by the smyless. Henes in flour from & sprouted

_wheat the most suseeptible portion of the starch will have been disposed of,
Ths net result would be thet the umsprouted wheet would have & greater proportion

of the more susceptibls starch gremiles and henes a grester suscsptibility.
In passing it may be noted that the high suseeptibility of durud 18 in agveement
with the work of othsr investigators. |



' i)
m;sibmw of mpﬁbmtx of Yy ex 100
Free Stareh Starch in Situ in Yy =
, _Flour .

Snglish R T e | 22
Yo, Ons Hard 104 328 . B 5 i
Eanred - 166 52? : 68
Gavills 7 74
Bahia Blanea 62 I‘lg . 8o
Sprouted 48 : 82
Austrelisn 33 ' . 2
Darum 352 _ 542 55
m {x), Table XX, represents the relative myﬁﬁﬁﬂy
of the isolated starches, Column {y) is the sems as column (3) in Table v,
The moat striking featwre in this tab&a is the great differenes in. un cases
between the isolated starch and the starsh in situ in the flour. In every cass,
it may be cbserved that isolating the starch has decreased its maaey'sihﬁﬁy.
Purthermore the &ﬁmm i3 not prapnztiml as aimm by an examination of the
percentege éamm in aampﬂbiﬁty in the thinl columm,. Decrsasss are abmm
to vary from 22} to 80f. No apparemt Telationship exists betwesn the decresse
in suscoptibilities and the original or final susceptibility,
It is of courss evident tiat the process of separation has caused

this detresse in suseeptibility but there is no means of detewmining whethey

it is due to the aetusl treatment given fhe proesss or whether it is due to
co-enzymes which have been washed out of the starch during its ssparetion. |

On the basis of Wiat:t this last set of date indicate there ia small justiffeation
in judging the charseteristics of aterch as an ingredient of flour from starch
AR an iscia%ﬁ pra&w. In @msi&ﬁmum of the lazga amount of work that h&a
haan ﬂane on isclated atawm in attempts to index flour quslity by scme

starch characteristie, this latter conmclusion appesrs of particular importance,
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{¢)} Changes in W!:m#y Sus to the Trestment with b 2 aaeim
Chloride and M&% Fashing with ¥ster,

The surprising &w in susesptibilities of starches after isoletion

noted :.n the previous seetion, wers such ass $o mspit further iweatigat&m. The
probability that sueh trestwent was dus So the troatmont reeeived by the starches
during isclation hes alresdy besen broscied. Undor that ssction desling with
changes during isclation tho offect of alechol treatment was dealt with and

there gen be 1ittle doubt that it was not the causs. The sffest of the X soMun

chloride was not investigated es mo nthod has yot been indicated ss to how sueh
- reatment eould be avoides and a produet with any degree of purity be obtained,
The possibility, however, azﬂaas thet the greatest ehangs ¢34 take :»Zm dur:ng
the initiel weshing with 4ietilled water and the subjoguent tmﬁmat ﬁith the
14 sodimm chlorids, | | |
I% should bs horne in misd thet stareh §s & biochemieal substence
with largely collofdal properties, snd it may well be that the fnitfel trentoent
would cause the most raditsl ehange. Tho imherent 4ifficalties of investigating
such ;mwa are ot present insurmounteble. It was m‘t, kowever, that by
retreating the already isoleted stareh with mater, sodiwm e&x}.ariﬁe, and sgainv
with distilled water, &g fo the origimel scpamation, certein of the &mm
. ebanges might agein be brought about. No great hope wes entertained that any
ange probably having a&ea:_éy

great varistions wonld be apparent, the maximes o
taken Vg-lsue.r

| In this ﬁa&iﬁ# of tests thet follow ouly four starches were m.
&o particalar purpose being served by an investigation of all eight starches,
| The starches were sliowsd o soak in cold water for twe hours,
Enough sodium chloride wes then edded %o %he suspeneion Lo wake & one peresnt
solution. After adsition of the sait amﬁh@r half hour of soaking wes mm,
e stm woere then washed fyes of Mwiﬁ# as in tha f‘zz-st mmmtian end -
érisd in the idental mammer m in the original trestment,




, wmmm a@mﬁﬁiﬁﬁy aﬁwmim weTe tm wede on
 samples of the mtm% ‘and original mmtim, the two sets being run
mm%ﬁmmmba%mram. ' |

Table XVI gives the results of tﬁe detorminations,

Table XVI
&mmibintm of Mgm:{ Stamis aﬁ Ratreated

English .
Eahia Blanea ‘ 62
Durum | b3 B -

. The date shows & Very siight decrease in susesptibilisy in the

Tofroetod starch. It mist bo adnitted, however, that the figures although

gonsfstenily showing 2 ﬁ&emasa are uot conclusive. Dach result given is ths
Tosult of tripliexte doterminations bus sueh slight varfaiions as ave noted
‘might still be the msult of exporimentel error and eanmot with esrteinty be
stated a8 signifieant, The ezperimsatal resaits are inconclusive and éo
listls ta ﬁgm any new 1ight on the problem, -

IODINE ABSORPTION AND

V. mm&ﬁw OF POSSIBLR m&*y SHIP BATRESE
ANYINCIASTIC SUSCEPTIBILITY oF mm.

Allusion hes slready mxz zade %o the faet that ﬁ&tﬂx&ﬁmﬁm of
apylcolastie mmpti&ﬁiﬁsm of mm, %o be of any valus, must be dons
in series. The velus of such work fs greatly reduced by the inability of
sbtaining either & standard substrate or a standard dlastess preparstion. In
. ghort, an sbsclute untt for starch sugesptibility fs grestly meeded, The
problem has been given constderation by several investigators but to dste
sdvaness in this direction have bson negligible. If instesd of sm a unit
some other atarch eharsotsristis, that paralleled susceptibility, coudd be
diseovered, tﬁ& same purpcss would bs servedl, '




fo2ine Teastion being the most fumilisr Teceived 7irst sttention, Thers were
several mﬁmm that mede this property meiy mnhy as
favestigation,

Tbe hoterogenity of the starch grenuls bas besn ﬁiﬁmﬁ !i% the
mﬂmnmﬁa. The existents of o and 2 suylose und hemfeellulose m mk;'
and sention was made of d1fferences in properties. The chief differeness
in @m fractions ars ‘B}mir mxw renstions and %ﬁi!‘ my&ibﬁiﬁy %ﬁ
dimstases. Thefr mmwmmm are in &sm&zg orier, homieslluloes,

o amylose, snd ¢ amglose. The hemitelluloss

18 te far as is kuow msw |
tmpervicus to diastace, the ¢ amylose is attabled m%y sﬁw&, the 2 stylose
being the ehief fraction sffeetsd by the diestuse. |

| The Teastion of fofine elosely parelltls the susesptibdslity of
the eifferont frastions. Claysos and mﬁ’ﬂ bave shown thet hemteslluloss
enly gives a faint brown solopstion. e oee is Enown to give a falwe
viclet or m coloration, the ehief fastor in the resctinn heing the 4 smyloses

Hesoning from this 1% semsd probsble tiet & uemsure of fodfny
sbsorption in the sSarch gremule might also be a gauge of the 4 ‘amylose contents "
48 4 amylose is the chief soures of the maltoss produced in diestates, ther
indirectly ths fofiine absorption might provide sn inSex of ssploclastie
suaeaptibility, An investigetion wee thevefors profected in which the fodine
absorption of the different starches was to be detersined, | .

| Tho fizet step in the Lmvestigetion was the devieing of & aa;mzm |
metlod for meamuring the absorption. Sssonticlly the problem ses thet of
sffecting & conplete ssparation of the starch joRfde couplex and the Iolive
solution. The most émtms makbod being filtestion, it was the fimst to be

. _ A quantity of sterch was shaken up with lodtine in potsssius im% |

eolution snd f1ltered under pressare through an alendite Gup. The pweess wan




B extremely slow m the Aﬁiﬁﬁi}m caise ﬁhmm@h wﬁ% ¢lear. Howsver, the
posaibility existed that the accuracy might be uffested by adsorption of

‘8o of the 0aine from the filtersd solution onto the alusdite. Tests

wors mala by simply filtering the slear fofine solation throush & elsan dry
eup. A deerease in eoncontrstion of ss much as 401 in & OOIN fodize soluties
58, The wethod of separetion by filtretion was therefore discsrded |

and the mmxmw of ecantrifuging next considered, 7
 In iﬁwmg with the eentrifuging tests, one gm. of sﬁﬂhm».
sheken up with 25 oo, of .00IN iodins in potassium fofide solution in a 100 so,

- sentrifugs tube and the suspension W'mﬁtﬁm& for 30 minutes. On examining |
the centrifuged suspemsion it was found that the starch jodide I Sompletely
settled out lssving e slesr supemmatent 1iguld withouwt the slightest trace of
blue soforation.

The ai*fim of centrifuging »imﬁag. been demonstrated, the next step

‘was to detersine the wost saiteblo stremgth of iodins solution to be used.

It had been observed in the ssparation experimsnts that when one gram of starch
was used with 25 ec, of 001 ¥ Iodine, sll the iofine was eomplotely withdrawn
m solutfon. The experiment was therefore Tupested meing a ,O1¥ solution,
This eoncentretion was found mﬁa&s. for the parpose, & messuvable quantity

" of fofine being left in solutfon. |

 As the {ofine sbeorption action of stare: is probably wﬂMﬁal

. @ad would therafors be influenced by axm difPerences of tammmm of pH,

it was thought advisable 1o keep these foctors contwolled. The pH wes controlled
by usiag o scdium acotate-acetic seid burfer (p 4,7) instesd of distilled

" water as solvent far the icdive potassion {oiide %Zﬁ&iem; The mam for

gsing this particular buffar was that 88 it was desired %0 & msasu¥e & propexdy
which sight parsllel amyloclastie susceptibility, it womld Bs sdvisable to
ﬁaﬁi&w conditions under which amyloelastie susseptibility tests were male,

For the a2ams Yeason ths lempsrature chosen a&--w}ae&z the atmreh i@ﬁm and '




iﬁm solution mere allowed tc reach equilibris wes set at 6%,
, The final prosedure was to weigh out & ssuple of starch or flour

gontsining L gm. of stareh dxy basis. mér he 'mélg- bad vesched the set
femparature in the thermostat 235 de, of the buffercd 186dine sﬁ’mﬁﬂ# aé'the
m temperature was added, The tube was then corked, sheken up s'ar amt

five mizates to snsure complete dispersion of the starch end yepleved in the
tﬁwﬁﬁ. Byary fifison minutes the tuobe wan shaken uy to mﬁimm
starch. A% the ond of en hour the tube wes ﬂm removed from the thermostat
and centrifugsd for thiriy minutes, tin gentrifuge being brought rapidly %

& hals at the end sr this tice by mmans of the brake,

The estimation of fodine remaining in solution was jmmedistely
xfmma& with. w 8¢. of the clear supeynstant iodins solution wae _'gipwk%&
into & 100 ge, flesk and 1 ce, of at lenst 2f soluble stareh sclution sdded,
ducther 15 @c. of distilled water wers «dded and the solutien thon titvated
with 001 ¥ W- The oad point was not sharp but with very little practive
1t was found possibl¥ to obtein very close cheeks,

The following is a typieal
the 1 grem of starche
10

galealation of the lolins absorbed by

.". 30 ge, " ¢ " " *  ecoptained ,
: Te35 % JOUL x ;ae,

25 eg, * *® . * *  gontained 2.5 x.92% = 2.32 N,
Bonoe starch sbsorbed = 3175 - 2.32 3 29443 mgms. of iodim,
The wmm given by the procsiuve wore easily duplieated, using
either one gm. of pure starch or a quantity of flour weighed out on the ons am,
dry starch basise The expariment was carried ont on all 8 utamhu and the |
flours from which tley weve derived,

19 ec. of the supermatant jodins solution required 7.35 cc. of (001 Nep9z05.

5 <929 He.
Todine

Iﬁﬁm :




RS R - L@
Stareh Btarch Absoxption Stareh
Suseeptibility mn.x y&r e Suseaptibility
e 29,43
3 30,90
529 29.33
3 2981
ag 2931
303 - 20,20
342 - 30,32

~ Table XVI shows the toline abssrptions both for pure starches end
ﬂm, Columns (2) and {4} are the amyloclastie suseeptibilities given in
~ Table XV,

g
ﬁzamﬁ’:?* |

X% is appavent st Tirzst Blenge ihst thexe is no relationship
‘betuesn sigloclsstie suseeptibility emd foline sbearption. Compavsd

_ 1nzge varietions in amyloslastic

aﬁ@ézﬁim;m are negligible,

sbsorptions obssrved appesred consistently and ‘wave definitely mot dus to

sxperinental exror 1t would ssom that sows signifiesnce might be sttached to
| them, However easetly what they wight ezwsy i beyond the secpe of ‘ki:ia

work, ‘

_ Itmhmwmﬁtmmwymeimwmth
'mtar in the flour ther in the sbarch. This might m besn 8ue %o & a«amm
apount of a&m&&m by the protein aBi no particular importance eould be

attached to % without a much nore detailed ipvaestigation,

 “AXthough $e very slight variations of odine ebsorptiom and the laek
‘of ‘mlati-amﬁp batwean the fodine amzpﬁiaa va starch msmﬁhm%‘mm
émwaxnﬁing, the iavaatigatma wag no% an%imzy frultless, ' The duwost
t mmi% irvespestive of the amﬁz varisty, notsd in m&.ﬁ :
"‘i oy have an imporiant practical spplicsstion, The possibilisy arrises that




;MW be apmaﬁ $o the qm&nﬁhﬁ# estimtion ai‘ atarsh in

#ill offals, Should such an application prove feasible, ome of the most
frequent and sanoying probless of mill control would be solved, w
mtﬁaﬁs of guantistative aaﬂmtim of stareh ewtoat m knm. wfmta};y
hommr, thess methols usually 4 _  ve aither Wm&w 1lsherious processes
or htsm.y syocialized and mm&‘n Bpparatus. &mmﬁy they are
mm}.y suited for the type of laboratory m&ﬁ%&evm sany nills,

The method suggested by the remults of this work would be both siuple end
insxpensive enought to confoms with the requiremsnts of the most sparsely
equipped lsboratory, Hents the development of & msthod for mantititive |
estication of starch based on the starch ioiine absorption is st least a
possibility that might well mexit further investigetiong




e

| The inactivating effeet of ultra-violst light on wheat

diastass was investigated. No inuctivatfon of the dry flour could be
-detected. A definite insctivation of an aqueous suspemsion of the fleur
vas noted. The inactivation was, howsver, too slow ami diastases durirg
fnactivation too great to be appliosble to amyloclastic suseeptibdility
determinations. Simtlar resalts were obiained with s flour suspension in
& buffer asolution of pH 4.7

on 130 m&t alternating current appiied far from 15 to 45
mm to a flour in mxm- aolution suspension had no insctivating
affeet on the iiastase, | .

Attempts wove sede %o epply the &naﬁh&%iag affsct of coppey
on wheat diastass to & solution of the 9@&5&‘ The redueing setion of |
the eopper on maliose 9@&&% in é&a_&t&s&jg, introfiuced complisations that
necessitated the lecarding of the project.

An examination of the Aleberg and Resk method of preparing
starchos smm that the aleewl ’kmtmm had only &« negligible offest

on tm a‘b&wh résistonce, The ethey tmimut enused an appreciable. 1mar£ag |

of starch resistance, The sethod, with the sther trestment onitted, was
mﬁ o prepave starches from ai@% differsnt whast floure. These starches
‘Were aaeﬁ in the suceesding experiments, |
An investigation was gonfucted into the pomsible supplementary |
of teke diastese end wheat dimstase seting togother on the same substrate.
In the eight sterches investigated and with the two wheat diastases used in
gonjunction with take diastase the disstatic activities were very closely :
additive, | -
The mﬁnlﬁs- pbtained woye teken a8 Justification for the use




of ﬁw aﬁm alastase method in determining the relative amyloclamtic
mﬁibﬂiﬁ& of the sight wheat flours mat&am&,,

Before procseding us;%h the mxmzassia mmptimisy
mmaﬁm, izvestigetion was malo of the effeet of mhﬁtmﬁ
conventration on dlastaass. 4 linevar velationship between dimetases snd
starch concentration {in the meighborhood of 5 MJ was mm

wzwzastm suseaptibility ﬁaﬁmimﬁam revealad ﬂﬁa
veriations in the wheat flours izvestiguted, susosptidilities ranged from
1190 in Bngiish wheat %o $22 in mma. The suscepiibilitics were found
to be mach m&m in flour-than in ﬁw isolated akawh. Furthormore the

devrensy in m’&ihixﬂy after isolating the stareh vas not proportionate

ranging from 225 in the English to 82L in the WN,

Teste ware umade to see if suy proof could M obtainel that
this decrease was dus to the initlal tvestssnt of the stareh during its
mmﬁim &a&y very siight indfestion m given that such was the
m. the a@a:e:imuﬁ in generel %iw mamm.

A method was developed for the mmatituﬁm- detorminaiion
of lodine absorpiion by starch. Application of this method %o the &i@k

starches shosed no relationship between their smyloclestic susceptibilittes .

and ioking Mr@tiﬁn‘ The absorption of icdine by the aifferent
starches varied aﬁy »pry alightly but the mziaﬁam wore too mm
%o be due to sxperdimenial errors In every cass the jodine -absorption
- was grester with the Clour m'wmg the purestarch, the isdication being
4hat the iama?aaé &mmim.ma due to a&m&iﬁ# by the pmﬁai&; The
sbsorptions rasged from 23%.51 to 3&,32 mgms, of loding per gram of ’
stereh with the pure stareh and £rom Wﬂﬁ to 363.?? mgma. of iodine per
gram of stareh with the flours

o Buggestion is m that the almost tonstant icdine abeorption
By the diffarent smm way b ﬁwiiﬁé to ths dovelopment of a simpls
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