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prosedure so 88 to extract the starch eight successive times with the-
solvent, they freed maﬂy 81l of the fatty acids from corn starch.
Prehesting the starch aided in the removsl of the fatty ecids. As &
result of this work, they consluded that the fatly smoide were ettached
to & complex wbe&yﬂm‘m in sorn  L-amylose. -

~Although the Rask m Phelpe methed was of little valus as an
amlybiea& tool tw determining the amount of 1ipids in eeresl Ms,
it brought sbout renewed efforts of Taylor and his associstes to study
the nature of the linkege between the fatty scids and the osrbohydrstes.
Taylor and Sherman (52) malnteined that st least the grester pert of
the fatty material was combined. any with the starch. In order te
g@zm the fact *&hat'%w were pot able to prepare corm Ke-amylose
which contained all the fatty acid material in the starch, they postu-
hm thet all of the fatty eoids were not mmm in ths BEME WADNSY .
Parthernore, sinoe starch 1s & polyhydrezy compound, the fatty seid eould
e conbined to the carbohydrste thromgh en exygen linkege st any one or
more of the free hydroxyl groups. The groups were not &1} tqalﬁ:imt,
hmm the strength of the resulting bonds wonld not be the seme,

Their method of atteoking the problem wes to study the esse with
which the fatty scids were removed by hydrolysis. The effects of aoctd,
aikazi and enzymic hydrolytic reagents em corn o~smylose were considered.
By employing these aifferent methods exrmralynu upen the fetty aecid
derivatives of gluecose with mma.mz&::in different pmﬁ:&énﬁ,r they
expected to find thet some ét the linkeges would be broken more essily
than others. | | |

‘Results in esch oase showed that the fatty scid groups oombined
with corn <S~emylose were preferentially liberated, The unsaturated
fatty ecids were removed more easily then the seatursted. This they



: Mﬁmbyérgma :sth z:m mumm smd: {ahie mﬁ nm;se} e amud
with those ui‘ gnﬁhl&tia w&ﬂ. or tha‘b thno ﬁmsaturam m:e midnn m
1inked st p&aﬁ%m aifferent from that of setursted scids ixz the glnm
mﬁmg ¥either one of the sbove aa;aimim m mmw};y ntu-
fa&tmy om %w mx: @f m:r linkn@& btm tha uarhe&yﬂnt& w& ‘kb»
" tu‘bty uoid,
I 1988, a&m (43) r&paﬂtﬁ that the mety mfm in mz.
 starches, such as m mgt and rice, oan be removed mzmxy hy
vam:hht wmim with M&&.:s mtm' miwihh ﬁrgma nalmtt,
Mimhﬂy mmmx‘ the anﬁmitm and 80 ;mr mﬁ ﬁima xn
later work {4&)‘ he showsd that &a&tﬁaﬁ wwmc csuld be 1@%&:&
uith ftttg acida hg" mtm the grmhr aisarm :myom :lu an alachaiw
 fatty moid solution em ® water beth wntil the aiwhei was Wmtod.
‘fhe fatty acids mm not be removed by the commen fat aﬁwnta, a8 the
‘mmm end ehlorinated hydreoarbons, He mezm that fa%‘y
aoids were not combined mm;y *!:a tho stareh m that thny wre
distributed %hrmﬁ%w% the grmin us uxtrmm& amntx., @iﬁ wrk
Cann defintte ymf thet the maamg was not m ts yrimry falmm
hmd&. To &xyhm the nﬁm&u miw by m sﬁlms, &akeah
;tt‘l:aé ihut the scinn&a wit@s h}ﬁf@g&ii&# W cen pomﬂ& &m:a '&hﬁ
gzamhu, 'whmu ﬁhc kyérawm tgpc mq%. ﬁm utim* mrc.‘qr mlw&
the aurt‘um |

&ahrm {28} ubjam nﬁmumly 'bo ‘I‘shb am ot ‘hh‘ htﬁy tﬁﬁl
’hum &il‘kﬂh&tu& ﬁh!‘mghm f&t ;tu?oh grmlﬁt u mrmnm u%ml
He mggcm that tm ﬁ@t amaimly m m morpwm soumplex, uw.oa
would aum‘k for the ulwﬁm sn&nﬁw by wlm&s amé by mm. _
Mhom%, ﬁmrpﬁm mlﬂ mpim the nmtin ew of the wlm
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fatty acid esters, Conditions favoring hydrolysis would elso favor the
formetion of methyl eeters. 4 glyceride, olive oil, was subjected to
the sction of the malt extract in order to determine whether the sxtraet
conteined any lipases thet would split out fetily secids. Results showsd
wery litile, if any, hydrolysis of the glyeeride. =

. Bohoch {&&} ra;wmd the tmtnatim of the fatty soids in rice
m&mmfamufmﬁmmmi The MM%myanw
the u?ika:.i MP&; process, which, in aii prab&hﬁi%y; mmm fmr
thﬁ aoap fnmn.‘bmm .

Mrnl S.mﬁi;ams m tm fiﬂié ei' ﬁ;amh ahmixm mﬂ trité
ta find o mlaﬁm&hﬁp betwsen the :Ea*&ty m&: mé the yhaspisnma !‘m&
in ﬂm‘%h. Taylor snd Jddles {&Q} were th #.zx mmmng mthw
the mm vhs.&h npanm yﬁmﬁa m& inte a fatty mi&wmﬁng
ammnt wmld* ot tha nm tine, -warutn it ints: 1 pkoayhammhg
mmt Reaults of mzr wWa showed that this was not the
case.

| sm«. ‘hy Mﬂiﬁ ax%met&m of am ahreh nﬁ:h wkham};, h‘ was
lkli to decrease the g&a&gﬁma ﬂmﬁt tm ﬁ.@l‘? per m teo only 0.015
per sent, sahaﬁx (48) concluded tiw‘& tiw 19@1&3 wore prwmt as free
!’aﬁty neidsg !n th,ae aase at wﬁut attrak, thﬂ yzwsghums lppnm to be
pnmt s ghmghal&gidn m tmmim, both were removed eoncurrently.

Ityiﬂa, Wﬁm by w}nﬂm in mrm Wlﬁ?iit, enelyzed Mgh

in mnymx. Lehrman {w} gave w&é&t&mﬁ evidence that the wheet
starch fatty asold mterinl wes in the i’am of phuyhuiip&.ﬁt.
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| R&cb&r&m end m&s {a?) were tm ﬂru&: ‘bo Wiu ﬁu mmsm
mm mm mwm:hwm;twmm eucpended
in #ﬂ&g salueim mé mm, gz.xtmnﬁm m rntwén& md, when
mfﬁe&mﬁ iony m pmmt, geh%inisatim s m gstm‘a Smnll
mwsa M‘sm aamm ma&m&y maﬁmm s‘kcmk p!m‘!;t rmsm»d .
the normal aging a&mgm and eltered the viscosity cemsidersbly. In
u&di‘kim to n@a@izﬁng M there mt & aamu interaction ‘hotm
the sm aaé tha starch, Richardson aml M'ba abmm that the nﬁ#ﬁiﬂu
nf BO8p up 'im ‘tiul ninm ﬁtmwy had & pmrﬁi staktli;ing *t‘fa&
or mam the !‘n}.i in ﬂumsity dm'ing m. is a mﬁib};ﬁ mhaz&im
of the mat&am. %hay mggmm that %ke sesg mm& wiwh the mm
in mekamyutupumt tom afnwtathnmmt nra |
astive when mﬂm ooourred or te tkon msmg’ei‘bl& to seid hy&rﬂwu.
The eagméthm formed might be expected to have a branched structure |
in 'diinh mmuwe m*bar cf sheins did not fall m \ﬁ%& *kht .
wamnng mangm% mms dmma& t‘m uskanim mﬁitim cr the
starch-water mixture,

Heald (3.?} m& ﬁimtg in gmm}. t!mro m « sxight ninm '&n
m ﬁgmity af :w& w&e& when tp;waﬂm*b&%y = = -3 per m soap,
M m tm miﬁa% of the etarch, was ﬁMj & meximwn oocurred in nost
systems when i& per m'k sosp wes M, while further sddition ¢f anap
lowered the viscesity. A thorough study using various mw on
different starches and modifications of starches wes mede, The presenoce
of seap sxaggerated the difference in the viesosity between variocus
starches and grades of etarches conuidersbly. This led to the conclusion
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| iﬁm% the starch~seap reaction could be used as & methed of following
the different trestments and modification methods, and the viscesity
inorease an the addition of sosp might be used ss a method of
| *walunting m‘
The additien of scap to starch from ﬁxi@h %ha "emylopectin gel
Mm“mm removed by mmmgtﬁm Gr le}netrmm‘kﬁiﬁ‘ g
- lowered i‘ka maximm ﬁamﬁ:&y. ﬁ&a inétmm that visooeity chenges
’1,3 t}m starch~soap system were due Lo the wmt and tke physicel
condition of tha amylopeotin, miﬁm of sodiws ekim&a, ﬂwm
uiﬁwié&, and ﬂﬂ;ﬁw ak’inrié& lmm ‘kim m viscosity mm‘;: '
end desrsased ’i:ht ﬂm;'eghomm w’h&iiw, while the sddition of the
latter two not only lowered the viscosity but preeipiteted the starch.
and soap together ez & complex. Visopsity mm:ﬁse were found to be
proportional ta the chein haagbh of ’bhe W auﬁ thseturetion in the
- oheins tended o decrease the ﬁawﬁty rise.
The wriam phenomens a&wm were attributed ta epecial wi.}od:iti
za%m&m between tzm mﬂia and the sosp in the following masuner,
ﬁm mﬁim olesate was nﬁaw’mé by the starch partieles. The 1:&1‘&5;&1-
’memm sn ﬂum:tty mn due to decremsing the smount of water of
hydretion, which éacm the volume. 4s more soap was sdeorbed, oo~
hesive foroes between sosp molecules inoreased the viscosity. Beyend 12
pér sent sosp i:he mﬁ&w chamges on the scep-sterch complex were dise
charged by the exoess positively ahargeé ;aéiuu fons. Also, th# negative
sharge of the éammrrmnﬁ wm rahmtmu. Thus, the chenges in
viscosity were due to an il#atrmms effect from aﬁmﬁm of
; msatin aharm and o strum ﬁtwuity offect besanse ui‘ gel
| formation, possibly as a mm’xt of mﬁiu forces &m olente
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Houts (19) showed that the strangth sharacteristios of puper made
by using skwa& mm"’a‘tf & maximen a&aaﬁm wo.s némd to and used at
. the point of mexiwum solloidality, as indiested by the sterchesosp tests.

. There was & good mmixﬂwmm strength imparted by the starch
1n the conditien of maximm solloldality sud the helght of the pesk on &
P re curve which, in turs, was fousd to vary
directly with the meleculer weight of the sterch.

- Kesler and Bleck {26) confirmed, in genersl, most of the work of

Mﬁ They m;m umﬁmiwﬁmn lower sosp conventretion
| than Heald, M sonfirned thﬁ fask that m&amxfm of starches re-
duced the am of soap en v&m&ﬁm and %hwe elmiyﬁu such o8
1&%&%@&%% effeot cemsed by modifying the starch,
mmx«mm m»h—m &M%ham of dispersion or
v Wﬁutmp&m. mmmwﬁwmmmmm
, 39&%%&2&:? ﬁmv&smitwmmmﬁ %p:r sont
wﬁzmwamm {mm&m mmmm |
~ socking were iﬁmﬁmd -

o mtmkhyxulwwm& mm .mm wexmzsmm
vhmﬂ.ty ;hm that Mﬁi of isnm cf minerals in the nﬁw or
ammn&mwwmummamuma
mw m vs.:m;&tr immsm m:-»!m ﬁw smesluded that m
use Mmmﬂmityuum efgmli%y utm:mu as.m
be mialeading. |

The atmw mm wes mamm mpzmxg from nwm
of 0.1 per oent te 0.2 per cent starch with as little as 1 per cent somp,
MMﬁm were optimm for gmﬁkyzm Absence of ;m in
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‘the supernatant liguid weas determined by the starch iocdine color test,
‘This, as we shell see later, was nobk reliable. Other things being equsal,
the floc formed more rapidly at higher soap censentrstions. Flos
partioles were fluffy snd other properties depended on conditions of
precipitation. The seap portion had to be mude insoluble either by the
sddition of a metallic lon, such as caloiwm, which forms an insoluble

- soap, or by the sdditlon of mineral soids, which osuse the iiberatisn of
free fatty seids. EKesler end Bisok found that the former may be carried
“eut at pH values up to 10. Addition of aeid or sluwm to wmediffed
 starch selutions containing 0.1 per eent to 0.2 per cent sturch csused
the precipitate to forn &nd setile to the bettom, lmt the supernstent
liquid was hasy or milky and gave a hesvy starch test. The perticles
formed were sualler, Sulphonated futty alechels, whioh had little or ne
effoot on viscosity of the starch paste, were quite e¢ffective as pre-
cipitating agents, Sines the neture szd quantity of the precipitate
formed varied with modifiestions of the starch, thess investigators
suggestsd that the precipitating qualities coulé be used as en anslyticel
mtm in evalusting sterch. ' ‘ ‘

As & poseidle meohsnism for the resction, Kesler and Bleck belioved
that there was an adsorption of long ohain fatty soid molecules tlurough
mxw.ka of their acotive groups with thoss of stareh, possibly by
means of the hydrogen bemd, They thought that viseosity effests t&gkt
be m ‘ﬁ# smmm:. mf&w&tiw. &8 mwm& by nmm aaa Waite
{3‘3‘), or ochesive utWim between «aurm m:rmrbu ahuiut. as
mfw by Heald {I.’f). In mmﬁ to ttu pMpitMﬂu ws.ﬁ; umne
inm Mng Mlmt ao:pl and wM&, tkty aﬂs v

3£ the Wﬁa Mm of the nwkin miﬂz 1s

changed, such us by the substitution of oalcium or hydrogen
for sodium in the adsorbded long chain, eto,, the entire
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‘samplex will bs saused to Lecems insoluble snd so precipitate,
- The somplex may spparently be formed dy adsorption of material
~ alresdy m}x&iwly ‘Inscluble (precipitated) and the resmlting
complex mey be soludble or not, Mymmg on tht Wsphﬁia
‘losding of the finsl material, : e
- Keslsr (28) developed & method of ucing the starch~sosp complex in
the sizing of paper. When the complex was introduced inte the pulp, §t
wae reteined in the web s voluminous flecks which disintegreted and
‘dispersed sleng the fiber, with the result thet it wes more effeotive
in binding fiber to fiber. &ince dlepersion teck place st low tempers~
tures, high mechine speed and low weight peper conld be used., larger
quantities of starch eould be introduced by this method ard less starch
wasted, Parthermcre, the sheets were more resistant to weter than sheets
conteining the same amount of ordiuary coocked starch.

N arymxm Products formed by the Intersctienm
.. of §terch and Orgenie Compounds

An miy as :{393, m and Pull {ﬁ} mm thxk t&ay amm

elusters of mm: mm:y;m:z) on the sdditiom of alechel to sn
‘W,. :aiuﬁm of amylodextrins ebtained in the early steges of malt
éiuem Wﬁzynu. ’!hit mm;m mtaﬂni 'nu in»lu‘bh in mld
um at very Mﬂbh in hot mr. W&nﬁu G}f L emmm
a.@mn tﬂa%m hy W«k&m s.n adr gitlm 'y ghuy mess whioh m
m imw soluble in hot mhr. m aymemxtah gave & w 'bm
solor w!skh ieéizm ond m s muiﬁa M&ﬁtm of 1969, '

ftanret (48), in m, aﬁ:mpm to M&mﬁu sturah with nimhoi.
He used mahn m;-cn prepared by tmttng sterch with very dilute seid
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st elevated temperatures for s short period of time, secording to the
methed of Wolff snd Fernbach (59). Obviously, the starch ;.“ '&tgrmd te
some m; _After keeping the sterch suspension at }.ﬂ&“ t& 1100 !‘m' an
i;am'. z‘amt uﬁm fifty ﬁms the mﬁ of 26 per cent mxmg ﬁmi
end ﬂl‘tam while hot. Upon uﬁé&tm of mffiaiant 95 per eent alochel,
W te m [} % w m&; solution, he ﬁ&%ﬂiﬂm& . pmm ﬂ:ieh. when
érzzd ws;*kh m&m umn:t &m& over meme Mm isx a éuimatsr, was'
..a;mzy ata}.nk}.t ia mxm water. m; mmm shm& an agtiml
rotation, [och, - ms-uamﬁ, and gave an insoluble hlwa produet with
iodine. ?Mim wm&: as,wm it uitkwt the fa:‘mtim of &
paste. mau grapar%&n were very Miu- ?m thaﬂ of the butm&lw ‘
precipitated fraction reported in 1041 vy Kmah (&&}.
. Tearet further upmm the salecholie filtrate into two M&mn.
The first had w apams.ﬂa rotation, [«]p = 180°, and gave & red violet
iodine color; the sesend hed & spacific rotation, [y = 1759, sud gave
& red ioﬁim ueisr. From the sbove, spparently beth frections were
richer in tht brenched comporient, saylopectin, than the original stsrch,

Ven de m&mﬂn (54) reported the prepsretion of &
ﬁryatﬁlm form of starch by ﬂmiﬂ pmﬁpit&t&m. ﬁu ;mpm an’
wm solution by leaching th wlwn out of ground starch granules
with wu.hr at reom Wmtaﬂ. %o a part asf th& saiwtim thm obtuim.
he mm w parts a;!‘ 96 per cent &m& and aumé tha pr«a&yitw&:&
and mpcmtan% xiqum to stand i‘ar ahwﬂk three weeks. In the »um&
,uuk !w nﬁm an sgusl w;lm of 98 per sent almhel to a portion of m
tbm, which gave an alwaeua mmtﬂt&m et‘ 80 per sent.

After three mks he mm the ym:&yitata ximunpiany m
fm W Wﬁuxa uhuh mm of mm, wxy nmwin
rediel needles attached to & central point or muclens, The needles were
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_ sbout 14 thiok snd up wza,,_ longs The spheroorystals fm zn the
W&p&t&h i‘am: tiw ss ;m- sent ﬁnﬁh&l wx% me numerous m more -
4 pnrfmzy shaped thm those fmd in the grwigiutc from the 6% w cent
aleﬁui VYan é& smumsw mggmm thet the ﬂw m&iu 01‘
_»m mm waiE a mimdé ﬁayﬂrﬁﬁim pmma, w ssme u *kha:k uhieh
he ﬁ@aﬁﬁm nruw m ths f#mkm ar m nmm‘m mﬁiﬂl m&t‘x«
':tn M@h gxm:{u {&5}.
| A similer W&w&i@ of szm m&; pméam wes npm«
vy Beljerinok (6). This work wes verified end extended to mim "
Mekn m vari.m sourees by ﬂm:rg and ﬁﬂfﬁng (3.). Xa hath‘
ma, the properties ef #:!m @Wﬁa were ﬁmﬁml ta t!m”
: rtgmﬁ ‘by urnw iawntigstm ‘
MoCulloch (32) desoribed starch-1ike arystals wh&ah ram m
~ oultures ufm,WMn starch was & mmm or m
mé&m ﬂwﬁ wore amm of m;mlm pwka mmmg !‘m .
mw point snd were m:my m&m:s in M&ﬂm light. The Yerge
forms M L1 étrk mss with m Iines mrmnﬁn; at r&g&t aagln
in th« conter. Tt it very iikﬂy ﬁm& the emtﬂlim&aa 01" %lm amah
vz&s due to some mhs%m& preéam by t&a M&ih

m& Mia; ‘!;!m margtim aﬁ‘ amah on é&ftvmt mf‘nm,
Earmias (m) am m mer mh«kmu, mﬁt um&. sﬂ;er ahaking
e starch éimraim ﬁm tha sloohol and mmm st te M, he
'mm thst stureh m nawiam wﬁm the ainm et t:hc mmra«.
kw&iah hsa Anterpreted s morptim. Mrgmm (20) cbserved the ;ffwbs
 of the lowsr slachols en the cosgulstien of starch selutions. His
| intamyt n«m& to ha.w been more in amﬂiﬁam m&s& for Wlﬂ;zw
than & the nature of the product dhtained
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| ~ Bohooh (44) reported that on sooling en sutoslaved solution of
Mﬁh%@ \miah an wzam& of hﬁtm}; hed besn adm, a precipitate

" formed slowly et m water~aloshol mﬁnrm ~ Vihen sorn Mnh whg
| used, six segmented %m&tu formed; when puﬁa% starch was. m&. |
»wn-rt‘m&é* pix petalled rm&ttn ﬁam&. ?h#“ procipitates. mmm
opticel snd Xeray wmﬁiu showing thet they were definitely
mximnim in neture,
| Kerr snd Mrsm {%ﬁ) tygiiéé %&w&h’& Mml ymeipi‘&%tim t«a
the oomponents of starch extrectebls by hot weter., The precipitets
formed wes shown to consist of mmw molecules of chorter chein
length. The form of the orystals depended en the source of the stareh,
corn starch giving rectangular x&m&wy and gﬂhuﬁ. needles which
formed star-1ike olusters. |

When Wiegel (57, 58) refluxed petato starch with 30 per oent
ethanol hm obtained m&»}.ﬁm gwamms, rh!.oh on closer abmm’eion,
eppesred to be wery tkin glt%im‘ %sm ﬂm& af tm ethenol from
the extract YWy mﬁm‘&zm am& eddition of lmtsmel tw» the het sﬁmm
the erystals took the 3&;& af m hour gless. Aguesus $sobutyl sleohsl
gave ﬁyyim spheroorystels, | |

m” %imm was m&h 8 Meﬁy a! mﬁﬁﬁm t‘m of utgmh ro-
partee it was of im;&r«as% to kmow whether the m&wﬁim were due to
éﬁffamut in the mmts a:t starch or to differences in the
erystallisation %@uﬁaﬁm With this in mind, Kerr {23) proceeded iw
mwimh the bu‘hmai-procipitsm mum of ecorn starch nsin; anr
ﬁhy}.mﬂmm«e%ker ghut mgarﬁ%.m mm wgm}.im famn wers
obtained. Maiituﬁiﬂly. he showed that ﬁtm selution: riaawity of
fdentical forms wes the seme, regerdless of the source of the stareh

mponent.,
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a red-purple color for a chainm of 10.to 11 glucose residues, purple for
those of 11 te 12 residues, end ‘blue~purple for cheins from 12.6 te 16.4

Freudenberg et sl (12) sdopted & helieal ml to explein the
“of the sterch-fodine complex. In their model, the luteriors
were eesentially
iodine, thus eausing the blue oolor. The helises had sufficient spase to
aduit melecules of lodine with their long exes coineident with the helix

Reesntly Rundle snd Baldwin (38) presented sdditionsl evidense for
the helisel sonfiguration of the starch-fodine complex. They noted thet
starch-fodine selutions exhibited dichroiem of flow. Light with its
pleotric vestor parallel to the flow lines was more strongly absorbed
then 1ight with its vestor normel to the flow lines. This cbservation
required that the long sxis of the icdine molecule be parsllel to the
long exis of the starch-lodine complex. This requirement was fulfilled
by the helisal structure or by & structure in which the starch molecule
the shéln, In view of the above and other evidenve, the former sesmed to
be the more logissl strusture. .

Rundle, Poster snd Baldwin {‘iﬂﬁ'} proposed & mechaniem of the inter-
m&u of dodine aﬁﬁz starch. On i:ha basis #f results ar potentiometris

sotrephotometris titrations of m. they showsd thet iodine,

instesd of forming & solid selution, formsd s true ¢ompound with the
smylose in which the lodine meléwules were bound to the Wlm through

soloratis

ns preswed te supply the u»wrgtim wwer for

uumémy Mm iatm;m. 1f insufficient i@ﬁim were added to =n
smylose solutiem, 1t filled &s meny heliees completely ss it sould inetead



_ of partially filling all, The lstter would be expected if selid solutions
- were formed, Prom a comparison of the amylose shain length end &W
-aetivity of the cemplex, they cbserved thst the lenger the filled helix,
the im %M iodine setivity. Also, & helix filled with 1odine hed a
m dodine m&t&ﬁts then & mly f11led helix,
~dmy proposed mechonism’ far this interaction must sesount for the
-ebove cbservetion, After a considerstion of m snylose helix Rundle,
Poster and Baldwin pointed out thet it wes msde of gmsmu units, each
consisting of a mmber of dipoles. Bach unit hes & resultant dipole of
4te own, When these glueose residues were arrenged in a helix, the
resultent dipoles normal to the axis of the helix should oppose each other,
leaving s negligible or no dipole moment normsl to the sxis., If, however,
the resultant dipole of each glusoss residue were not normsl to the
helix sxis, the compenents slong the exis weuld add together. For a
long helix, the resultent dipole monent should de quite large,
in fodine moleoule intreduced into the dipelar helix with its lemg
exis parellel to the axls of the helix should aequire sn induced dipesle,
Buseseding molecules introduced into the helix should scquire psrallel
dipoles so that there should bs an attrastion betwsen the induced dipole
of the iodine molecule end the dipolar smylose helix. The megnitude of
the induced dipole moment should incresse with the mumber of iodine
- molesules srrenged im parallel, snd with the strength of the dipole
moment 67 the moylose whieh shenld inorease with lempth,
fate and Derksen (22) observed that sterch which had been gelatiniged
end gmﬁpi‘ww& with alochol yielded a prodwot giving a different XI-ray
pattern, corresponding te a new erystalline modificstion of the stareh,
He called this the "V modificstiecn. Bear (4) noted thet this "V
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. The puttern for the dried butenol precipiteted exmyloes wee indexed
o the basts of a hewagonsl umit A, = 27.4 £, ¢, = 8.08 &, or an
orthorhomblc unit s, = 15.7 %, b, = 24.8 £, and o, = 8,05 & (42). 2
camparison of the spece required for s turn of the helix in the dry -
‘butanel mﬁp&m snd in the sterch-iodine cemplex provided sdditiomal
avidence for the helieal configuration, The distance between helices
was 18,7 8 in the dry butemol presipitste, 15.0 1 in the lodine complex;
& turn in the helix was 8.05 £ in the former and 7.9 £ 1n the latter.

. The dry butansl preeipitated starsh frectiom sbsorbed 26 per cemt
of its om weight in lodine end, in so deing its velume astually cem~
trasted, This would have been very ualikely if the melecules oscupied &
spuce outside the hellces. & similar situstion extsted ia the wet snd
the dry butauol preeipitates. The wet precipitate had a peried of

7.8 1 sdemg the helix, wheress the dry had 8.0 £. (On the basis of this
spparent ti@tﬂﬁnga@ the helix in the presence of butanel snd on the
basis g{y tm oxcellent erystalline propertiss of the wet butemel
precipitste, Rundle mwstﬁa that the starch formed, with the butenmel,
& somplex in which the butancl was present within the helix.

| Bear (5) reported that the ioray diffrastien petterns chbeined frem
starch solids by presipitating with  linear alschol, such &s sormal
mi, W3 snd amyl ﬁmh, were identisal. Those obtained m.
iﬁi&a precipitated with brenched slochels, such as tertisry buityl and
tertiary amyl alochols, and the secondary elschols, were identiesl in
Wﬂwn but different from the first group; the dried precipitates of
the sscond group had diffraction patierns extending to lowsr sngles them
mamm &wzmanzmmmgmgmmprm
mam«mam space on the interior to hold the iodine snd the
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normal alcohols, provided these molecules were arrsnged with their leng
axes perallel to the sxis of the helix. ?rm re m&i&w&%&m of the
ineide diemeter of the helix und of the s&ﬂ of the W ﬂ&hkﬂs,
mm;bhtomthaﬁmspmmmm This ealargrmt ‘sould
be obteined by inereasing the musber of glusose units per turn. The
unit sell beesme mmagmé&ngly 1&:*@3?; 88 geen from the ai;;lm&
ef‘ the' agfmm; to lower %M&m angles, §.0., urgyr Mﬁs :
m: ahiﬂ; m tzm pzﬁt«m of tzhs brenched aleghﬁi complexes étfinﬁ:aly
ans-hmgml whiﬁh made it éiffiaﬁl‘k %o &atm:s.m the aix.ngt $n the
h&lix t!ﬁ.mn&m wﬁt&%w&x m pmr wkms nlm. Sinos
tm wt; two Msm&: m mm m types afaimlc, m
wwam i:hsrb tksm mn& be & @ﬁaﬁ% mmber of gim residues w
m aﬁ‘ the haiix, x.&., ai*bhﬂr siz or seven.
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A, Preparstion of Materials

precipitation method dewveloped by Sohooh (46). The potate starch was
obtained from Stein Hall Company; the 1ily buld and corn starehes wers
milled in this ledoratory. The smylose waa further purified by re-
erystallising thres to five times with butencl., ¥he spparent purity wes
determined by the potentiometris lodine titration developed by Bates,
_¥rench snd Budle (3), using Kerr's “erystalline amyloss® (24) as &
reference standard. The “purity® of different preparstions of the
saylose frastion was msiforaly shout 90 per semt. The smylopestina
frastion was sonseutrated in yagus %o sbout ome-sixth velums, precipie
tated with wothansl, filtered and dried.

~ The butenol was removed from the smylose solutions by distilling twe
to four hours sfter the odor of butanel oould ne lenger de detested,
Although slight traces of butenel may heve remsined, the amount was in~
sufficlent to csuss precipitation of the smylose in the "V eanfigurstien.
This was shown by the fact that on stending the emyloss would retregrade.
After drying, this material would not take wp spprecisble gquantities of
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After removal of the butsnel, the conesntration of the selution was
ﬁjﬁMﬁ%ﬁWWMMMW&‘M ane per sent, The
m&mmmwm&n@mtmﬁamm@mxm
ﬂMl}!ﬂI Gomplex formation was sllowed to continws for seversl
m ﬁmmﬁmv he precipitated camplexes were removed by
sentrifaglng snd dried 4u s vaowm desioestor. Exowss cemplexing egent
was removed from the dry powdered mebterisl by extrsetion with ether in o

. The following eomplexing egents were usedy lsurie, oleis, palmitic
and stesris seids; the poteassimm and sodlwn salts of palmitie and oleie
solds; sdiple, pimelio, suberis, aselaie and sedacic ascids; Sscamyl,
aeamyl wnd nebutyl fodides; n-butyl dromide; tertisry smyl aloehel,

. In the oase of futty aolds, the presipitates formed 4in ons to five
duys depending en the solubility snd the smeunt of fabty soide sdded,
With sosps, the tise required for cueplete presipitation wes oonsidersdbly
longer, mgg due to ﬁw Mﬁu‘ pH of the selutions. When btuffers
‘were used to keep the selutions newtrsl, precipitation was speeded wp
oonsiderably. ALl semples used for X-ray diffrsction work were prepared
without the use of Yalfers.

Smmples of the wet fatty soid complexes were obtained direwtly frem
‘slno taken &t two stages of dryings (1) eamples were dried st 70° . over
phosphorns pentexide in an Abderhalden drying tube evaousted by & water
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aspirator, and {2) smwmples were dried st 100° . over phosphorus pentoxide
'Mmmmmmﬂawtmmﬁrmm&, /

" Semples of other eamplexes studied were dried st 70° C, as in (1).
‘The powier samples were sealed in thin welled giass wii&w&u of sbout
'ﬁuim ﬁw,w sl ' ' :

‘Be  Z«Ray Mothods

A11 xwm ézs;r.m m W «ag aiehi mm atoc Msﬁm
mwan mmmmw:m 15 m.n. MMEJJ.(
mwwmmmqmm mmefhrg'
:m&n {s.ss -, or 1 u.}.

Prem the '~~~Q¢Mam, ﬁmmwsmm
mmaz«m«:wammatmwsmmw
m MﬁMn ﬁwwm mmmmmwzy
m&mm:mma&a mm&hﬁm e&&m
ma&wmauwmammmwmmamw
mmm m:munmmm

" ,ﬁ* mmmaﬁmmxmwmmmw

| A modifisetion of Lehrmen's method {29) wes used to introduse
palmitio seid into the starch frastions. Dry semples of butenol-
precipitated smylose in the “¥" senfigration, retrogreded smylose in the

w:wluu!‘uabnfﬁbaa&mmmmhmm of mathenel
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solutions conteining verying concentrations of pelmitie socid, 'The Ilssks
These were kept at e tempereture of B0° to 68° C. for seven hours by means
of & water bath. Upon cooling, the residues were washed with serbon
tetrachloride end sllewsd to dry, then extrscted with carbon tetruchloride
saaam@mmmmmm The smount of pailmitio seid bomnd
by the starch fractions wes determined by the method outlined in the
Aoalytioal seotien. |

Mmaﬂwktwmm w&ubﬂuk&umm&nm a}.x
mmatmmaumm mt&tmmtymmm
sma mortay masr %@ treatuent, Mm nloroseopically, the twng&
sxm@mmmm inauh cmwtﬁhcmtm same, ¥When
Mm i’w himﬁiam 'bizn ;&W WINQ snd the amylopestin
erym %m@h@rmmmwkﬁcﬂw&mm
Mwaxy wﬂm}.&m am& @ws Mmfziwat As for s emié be
M Mﬁmﬂ%&ﬁmww”mw“,ﬁi
mm mm that ﬂa Www awlaﬁ and the amylepeotin had
uwgaamftuumxmmm*f‘mnmnﬁ,m

ammwm« was substituted for the methenol iz the precedure

¢ pregeding seotion tnr Wﬁhﬁ gmtiummwiminm
mnmﬁwm. Mgrmafm&mmnﬁmtmha.a&sf:w
ﬁmlﬂiﬂﬂm#in%ﬂ’ ermmmaa mmm
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Butemol-presipitetsd smylose, which had been dried in the vacwum
oven st 80° C. for 12 hours, was suspended in isoemyl lodide st 76° ¢,
for 24 hours. After removel from the tubs, the exyloss was washed with
esther, followsd by Soxhlet sxtrection with ether for 24 hours, Anslysis
showed that § per oent of 1ts weight was isosmyl fodide. Similar treste
ment with nebutyl lodide ylelded amylose cemtaining 1.7 per cent te 2,8
per sont of the helide. A& semple treated st 100° . yielded axylose con~
taining 5.7 per cemt a~butyl iedide. Prolonged trestment st the eleveted
temperastures degreded the smylose inte water soluble productes.

Dry tertiery smy)l slesholwprecipitsted smylose was aixdlerly treeted
with iscemyl lodide. The iscsmyl lodide content wes 4.48 per cent.

The dried smuples (10-20 grams) were hydrolysed by beiling in 250 ml.
of & 20 per sent hydrochlorie aeid sclutien for 20 mimutes. The solutiens,
ceoled to sbout 609 G., wers filtered. The residues snd filter papers
were washed until the presence of the shloride could no longer be deteoted
in the wash water, These wers then dried in the oven st 50° C. for an
hour. The fatty moid was exi d fram the filter papers in a Soxhlet
extrastor. The residuss, left upon evaporation of the sther, wers dried
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The sebacie nelidwsmylose complex was formed using & weighed amount
of aeld and amylose followed by the extrection of the excess aeid with
ether. The difference bebwsen the amount of 8sid used snd thet extrected
complex was still wet, $.e., both the wet somplex and the water in whieh
it was formed were extrasted, the resovery of the seid was nearly 100
7 S4nee ether was able to remove the acid frem the wet complex, the
‘wethod was modified so that the somplex wes dried befure the ether axw
traction, GSebaoic usid-smyloss semplex was prepsred by tresting s
selution of 510 mg. of sayloss in 40 ml. of water with sbeut 100 mg, of
sotd for 48 hours st 509 O, A heevy presipitate formed. The Clasks
wore opened to the air and kept et B50° C. until the water evsporated snd
25 ml. portions of ethyl sther over s period of 50 hours. The extracted
aoid was dried snd welghed, .

- A more direst method of determining the dicsrboxylic selds in the .
somplex wes desired. Quantitwbive precipitation of the diesrbexylie seids
as selts of heavy motals was attempted, Before this oconld be done the
complex had to bs disrupted and the sarbohydrate pertion made soluble.
Weighed smounts, about 100 mg. of the sebasle aoid cemplex, were sdded to
100 =1, of water. The amylose was hydrelyred by edding 10 ml. of comeen-
trated nitrio seld and bolling for 20 minutes, BSines the high hydroges
ton cencentretion completsly suppressed the iomisation of the weak ssbacie
esoid, the seid wes neutralised with ammonium hydroxide, The exeess
smmontis was removed by boiling. 4 solution contaiming 100 mg. of lead
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X Mﬁn&t&ﬁm of Partially Dispersed m
ﬁmm»ﬁm&gmm -

mwmmmmwupwwm;mm
 suspenstons st 859 O, m» 40 wimstes, The nsturslly soouriing fatty actd
sontent of tm stareh wes 0,60 por sent of sts m.m. The pastes were
mﬁﬁ&nﬁmmafw:wm am, ummmzem
mw «ima:tmmmnm;m, thtule&mmé :ma
v!.ma (mmm mm&- nd lesd soetate wiatima} wore sntroduced in
mgnwawmmmqwz&mwmm af&npw&m
Xnuek m, one ;mgnm}.eﬂ mm. m M mxas out as
n ﬁmm precipitate whioh was removed by ammm hamg a
,nutiwlg ﬁ&m upamtm Hmé«; Although the Ledize colorstien of
\m: 1&@5& mﬁ mmwzy 11ttle as & messure of the staroh present, a
smell -pertien W%ﬁm&w%ﬁﬁﬁﬁﬂm, aamw
with the work of Kesler amd Plack {%}. fhe test of the presense of
sterch $n the supernstant liguid wes the formation of turbidity or s
precipitate on the sdditien of an equal volume of methanol.

 Butanol, thymel (18) and hexemethylens glyeel were edded to sterch
Wf prepared in the same mapmer ss sbove. The emounts of the mﬁg&u
tmg wmmmaﬁmmwthwmrwmaﬁm.
After 24 hours the Mﬂ were eenbtyifuged, The m&;ﬁmw of pMpi*
| 'vﬁa‘t:iw of starch was determined by wﬁ%ng 5 w&w of methenel to the
Wm&mﬁ 1iauid end observing the smount of s%um ymﬁpimsﬁ‘




A. X~Bay Stracture uzlgkn Ommplexes

The cemplex nggﬁﬁg &»ﬁwgggia rly
susosssfully from the ag&. point of view, has & mierossopie
erystalline structurs. The complexes &. enylose with fatty aeids have

 firnetion diagrams indicated a close degree of relationship
betwesn the structures of 1 wag&nw ggﬂ«wiw%swg

 In arder te nete the effect of the chain length snd wassturatiom
of the fatty ssids upen the structurs of the somplex, lseris, palaitic,
stoario and eleiec asids have been used as precipiteting sgents. The
identification &.&nﬁ revesled no differences bistwesn sxylose complexes
with the different fatty scids which had besn prepsred similerly.

_ ;A,mggﬁeggg signifiomt and interesting

ngwn ?gﬁgigﬁgﬁagwu%
different oonditions. @nw’%u&%ﬂ%«g?uﬁqﬁg
careful study. %aﬁiwﬁﬁuunu relstively poor waowum
were searcely distinguishsble from semples tsken direetly from the
gentrifuge, while those given more thoreugh drying prodused diagrams
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Table X
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(s10),(280) s
(320) L
(330), $§ x
(s2)  w
(s30), {o10)
mﬁw nﬁaw uﬂ u
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§§§m§a ﬁiﬁﬁg% orus pente
gg?ﬁﬁgggggggﬁﬁsagaﬁ
B ﬁnﬁmgw» e wm ggwﬁ&vﬁg ,
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Tsble 1T
- XwRey Data for Amylose-Fatiy Acid Preeipitates (Dry)®

fos0) v O1T7 . - D178 0188 0179
(182) Lo o254 .oZR9  .0226 0238 0226
‘ {m‘} : W H2TE  LO2T5 - Jo2r4  o276
 (a0) v 053  .08235 0525 0828 0825
(s%0) m adiffuse = L0804 0812 L0422 oa1z
{m} o - 0803 (0803 0819 0808

Wﬂ:@“&. mrgha@hmsgmm& ttam;mm%w&m.
‘P530% values are for GuE= radietiom, =

Ww mmm &g strengs M, mediwm; ¥, m; ?i; vory.
erhoubls umdt, a, % 15.0 ﬁ b, = 25.0 i 6 = b 1

m

| ’zo s}

fw mmwmggmm wim has m re | ‘kﬁ ’ﬁs MM&M&.
with dmensiens ey ® 13.7 £, 3o = 28,8 %, and o, = 8.08 £ ().
mm for three different ssaples of mors theroughly dried
taﬁy u&&m}m m gim in Teble ‘!Ee | m ‘were portions gr the
same fatty acid somplex preparsiion whoss maxima were reported in Teble I,
exoept that these wers dried et 100° 0. and at & much lower pressure,
The Z~rsy lines heve definitely shifted to larger sngles. The Xersy
diagram is now very similar to that of the smylose~iocdine semplex shown
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in the sixth column of the same teble (42). Thomgh the mexims can no
lenger be gndexed on & hexsgonsl busis, sines the sxisl ratie b,/t, is
1.77 dnstead of 1.75 as re quired for mm&‘f magonel unit, the
positions of the lines are such as to make m correlation with the
mexims from the lodine somplex end the intensities snd positiens sre
st1l] related to the scuplexes listed in Table I. On ‘the basis of this
relationship, & very similar orthorhambie wilt has besn chossa for the
dry fatty seld-smyloses with dimensfons ag = 13,0 4, b, = 25,0 4, ena
09 = 8.05 £. 1t should be moted thet the corresponding lines have the
sane Mim for all these w:&ma Phe Xerey éiw aim:{y in&i«-
cate & i&fmﬁm for the fatty we&m&m mm ﬂry tmhr ta ‘that
‘wmwm«twawmamxm‘ ‘
!!uwiaum&mm%lpm hmmﬁ u&l;a!%h. m
e»ma»» mm: in & menner @m«; xm that » 1j orted for’ em
ieam m&mmmmma wmwm mm{a3 {4@},
eud Rmdle and Riwards (). I the pmied-hexagenal oell of the drisd |
fatty aol “emylose ewaw, there m m a«n«m two saa exu ma-»;
Mnaﬁt. MWW ‘oiroular ﬁmm m alose ;smizai &m}m
mnmmmm&m:m mwimhvliathwnéiww
15,7 £, In tuc more thorenghly dried camplex, the helix has & dimmeter
o 13,0 &, mumttmmmmxxa«m Wlmim

mlax {%}. T
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of Oleio Acid Have Been Added
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Teble IV

mMan of mmo to ¥hich 'ﬂf‘urﬁng mm:
of Laurie foid Have Been Added
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ﬁ.ﬁ?ﬂ? Q,m a,;g“
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tration of Amylose to Which Varying Amcwnts
of Palmitie Aoid Hawve Been Added
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Table VII |
fitretion of Amylose-Palmitiec Acid Complexes

0e1969 o981 O.208 O.2227
. 0:2998 o138 o.mes
0J1981 < O,2026  O.z18R
041892 02087  0,2219

 ou0s8  0.2166
0202 O.z201
02186 . 0.2228
- 0.22286 02248

5%

™ BowoE ﬂ Beosoaosnunmnmo lg“
[w]
§
[
g

. CaeT0

04501
042830

iunsnma of am g mm :
% volts, referred te the mormal eslemel ﬁmm
FOWQ@B maﬁ o weight of smylose
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fable VIIX

&-htimm between Fatty Acid Content
and Iedine Taken up by Auylose

(F:W based on masm of wﬁm}

% Fakty hold
1,73
2.0
2.9
8.48
4.0
4,9 ;
5.19 - 45 2.8

T imitio mold ntrodused by Lmpreguatiem of dry smylose, date of
m&g‘
m #mxxdﬁzmj‘; ;ﬁﬁa jntroduged in alknll dispersion of auylose,
of the earben ehein in the soid snd the interference with the smylose-

$inos the only wvarisble in the titrations wes the use of different
systens was dus to ene or move preperties of the asids, The results of
titretions of Wzau dnto which verying smounts of palmitic acid were
with methenol solutiome of the ssid are included
in Pigure 5. m these results, 1% is noted that palmitie meld will
ouuse the same hindranse to the amylose~iodine complex fermstion s oleie

snd lsurio seids, provided it has sufficient opportunity to intersct
with the smylose. As the solubility of the higher fatty seids decresased,
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the effect on the lodine~binding power of saylose deersased, Stearie
_@eld, which was the most insoluble, kad the least effest.

‘ ﬁm sholiohiametry of the ‘ia%rmtiéa ‘between mﬁy acids and amylose
is not & slmple one. The 1lizear mabure of the relation hem the per
geut by weight of fatty sold in the smyloss complex snd the smount of
f$odine teken up by the samylose is altaz*iy seen in Pigare 6. The inter-

- gepts on the abscissa give the smounts of fatty solds needed for
complete imtersction with the swylose, E

From the faet theat the presence of higher fatiy acids in starch
solutions or suspensions prevents the formationm of the wiMa&&u
ocamplex, it seems ressensble to believs that the pesition of the fatty
acids and fodine relative to the swyloss in their respective complexes
may be the ssme. If the fatty aold z#elamio' is within the amylcse helix
us already fndloated from X-rsy date of the preesding sestiom, thers
should be a direct relation hetween the lemgth of the fatty s21d moleeule
end the length of the smylose helix sssosisted with sach said molecule.
This relstionship, bassd on the data given in Figure 5, is shown in
Table IX. | '

The distanses and angles used in caleuleting the length of the
fully extended fatty scid molecules were thm reported by Pauling (385).
The apparent hagth et‘ helix mmiﬁ‘&ﬁ with each soid molecule was
found by maltiplying the musber of gluccse residues per seid melesule by
8 % (the length of & turn in the helix) and dividing by six (the mumber
of gluccss residues per tura). |

"~ The lenger tim woid moleoule mm smylose it ymi, From the
correlation between the spparent length of the belix and the lemgth of




Relationship between mg;a of hold m:m.« and
A }iaim Mim Mmim ni’kh

- W‘ mﬁ; Olets

1. length of extended seid moleswle® 19,0 g ol 2ol
2,  Glucose residues per aevid melssuls 7.6 = 22,6 25.0
3. mm of smylose belix per sold '

25,68 .08 33013
& m; {z}/{z) | o  1.2¢ 1.25 1.2
B w«m ratio {s}/{z}* 1.2 113 1.10

mmmm*sﬁm - o
*‘mmmww*nwzm

the seid molesules, the most logieel spatiel arrangement would be ene in
which *&hu eoid msloonles lie withia the helix with their leng exes
parellel to the xm axis of the emyloss helix, The experimental
Minding powsr Ls frem 38 per sent o 91 per sent of the fukty seld
onpasity osleulsted ou the basis of & heliesl structure. 2he olese
agreement of the three values obtained adds ts the svidencs for the
sorreciness of the hypothesis.

€. Uertain Aspects of the Intersction bhetween Amylose
mmmm&:mwrmimum
E: %o the Heliocal MM& NI
T% has ,,_.,',‘Av'~».mmcwmmumummm'
%‘Miniw&mi%ﬁm&nmhmmw
wmmMzuMme. In this seotion ere shown
mm&:&me&umﬁMﬂiwﬁuw&mmm

helieal Wﬁ:uwm/‘ rption in semplex formatiom,
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~ The rmmiwﬁy of the reaction,
uﬂm - x,w + Fatty Astd —— wxm . ?ka Aeid(e) 4 b %
i» olearly demomstrsted. In aqueous soluticas the equilibdrivm lies far
+o the right, whereas with dry solide and iodine in the wepor phess the
equilibrium mey be shifted in the spposite direstion. It is to be noted
that the sstivity of the iodine in the vepor phsse st T8¢ G, is considerabdly
grester then the aetivity of the fodine in the selution ussd 4m the

it omn sseume its position within the structure, ons would expeot the
resstion to be fairly slow. This was found to be the ense, for after
eight deye the smylose was etill gelning weight,

. If the resction of fatty scids with sterch depended upon s surfees
type of sdeorptiom, one would expeot that the smount of fatiy seids with
which @ given starch smsple weuld resot might de (1) direstly prepertiemal
%o murfecs sres, (2) independent of the sulmierosseple arystallime
 nmmple, Experiments which have been earried eut in this work have shomn
that nene of these expe ons is fulfilled, |

mrmwmzaxmmgmmmmwmm&w
smylopestin end smylose in the "B" senfigaration (22) is insignifiesnt
when compared with the binding of fatty asids by waylose in the V"

he experimental s¥yrors in the results given in Table X seem to be

rather large, Thess variatiens are penimy due to differenses in
‘degress of erystsllinity.



Table X

Mﬂg ‘of ?ﬂn&ﬁe doid by mxew mﬁ W&W

ﬁ%‘f T paimitie asid W an R
Tose in "W¥  Amyloss im *B® lﬂp«tia
mg,g? e Wﬂ mmm oy

rxwmu Trisl 2 _frial 1 rial 2
02 . 0.4 109 088 030 =
85 188 186 023 0.5 0.0
1.0 ‘ 1.94 Bedd 0 0,29 00T 00T
1B 286 3.26 0.22 0.21 -
RO 2,80 856 0.19 0.08 0.12
3.0 405 - 580 0 0.18 0.18 -
40 402 403 0.18 0.21 0.21

Wuwrmwmmwwm

mmmﬁa&mm& dry smyloss is found is sesn to be the
most important fastor in determining whether or not it will bind fatty
acids. Ansiyses of Xoray disgrems indioate thet in the "V* configuration
the amyloss chaing are helioal, while 2 aded ("B") smylese covsists
of extended shedns, It is in this fmm w}summm ,,
solution in the sbsence of complexing agenta.

mmmwﬁmaMmmmma

., Adse atorily te miamthn msﬁim
MMW%M% Mnﬁmmmtamhmu&n
wes certeinly very nesrly the sems, mmn gmmtm& with bntencl
:narmmﬂnwmm,uﬁrmh,wmmw
mm,w@ammwmmnmimrmm&m
trestments., Hed this been » surfuss phencmena, & warked difference
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”m&vﬁ Wilau Mmm bot 'wai&# Mﬁh '

Amylose bound 1,2 per sent of 1ts weight of palmitie uu from o
“mww:ammmwmmmmmh mmm
'mm&uﬁwmwm“m:mmmrmtm. mzm
'usuummmam,ummmmmt.mmf
vmma{ﬁmx«m.},mmsz%nmxum
’”vnmw«wazmw é&wmm&mwemmmuw
| ;Mzu from the ﬂh&x éiwﬁ is even izm, sinee wm},nm Mm
"aammma mwwm«ﬁum‘mmuz
"Mk;rws;dn ‘!!suﬁmaftm:mwﬁmitymmi}mwm?m
"mﬁgmuammtm srmmwmwmn. "
m.m%«twm,uugmmmm kM&wlglmg
soneentrations of fatty selds sre nmwm for m nimmwim of
»'mmmmﬁmam&mmmmmmm,n
ﬁmnmx:x. Bren though carbon tetrachleride 1s nearly ineffestive
sam' ot afmwm,mxmumwmmmm
selvent permit the introdustien of fatty seids imte helicsl smyloss.
xnwmmmumsbhuﬁuﬂmmmxu,naamm&
wmnetﬁqzmmmammmm mmxy

| mthm} ia W&# of whring the mzm eat w&m m amm w:wh
| mmum,mtmmmmmaum. mmxu
known to form s complex with uﬂm {5‘!}.& m ufthr Zm:k of
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binding power, non~polar solvents offer little or ne competition for the
space within the helises.

As seen from mz& X, the smount of fatty seid reintroduced is e
funetion of the fetty aoid concentration., If the methanol cemplex and
the fatiy scid complex are independemt phsses in the resctien,

Fatty aoid & Amylose . MeON(s) —— imylose . Fatty Aeid (s) 4 MeOH
the equilibrium constent would be Kgg = 1/(A) (Fetty Acid), snd
independent of the smount of methanol inm the amylose complex, It seems
wery probable that thers is but one complex phese over a wide mgslaf
fatty scid and methanol oontents of the smylose,

fince sarbon tetrachloride camnot enter the helix, the resctien
between the fatty acid and the smylose inm that solvent csn be represented
by the equatien

Amylose(s) & Patty Aeid — iAmylose . Patty Aeid(s).

Assuming thet smylose snd smylose~fetty scid cemplex are two separate
phases, the fatty acid astivity in the complex sheuld be independent of
fatty acid content until saturation of the amylose is resched, Extraction
experiments indicate that the sotivity of fatty scids in the complex is
wvery low, even when the mmylose is anturated with fatty acids.

Sinece soep has besn used teo precipitate starch frem its sguecus
mﬁu in the mamufacture of psper {25) (28), it was of interest to
study seme of the conditions under whioh the preeipitetion was earried
out and interpret the findings in the light of what has been learned
sbout the fatty acid~ and the sosp-~umyloss complexes. It is knowm that
fatty soids will form complexes with the smylose fraction but not with



.

the emylopestin, yet Eesler and Bleck (26) reported that scsp, sdded to
partially dispersed stersh, 41d not precipitets only the smyloss fractiom
a8 one might expect, but rather insolubilized and precipitated both

v 7able XX shows that « smell smount of soap, 1.2 per cent of the
weight of starch, esn presipitate sll of the stereh from s stareh peste
prepared by hestiog the mizxture et 85° €. for 40 minutes. It ie to be
noted that the sddition of cslodum fens hias very little, if sny, effect
on this preeipitation end that the sdditien of the lead Lens setuelly
dearesses the emeunt precipiteted. This is prabably due to grester
insolubility of the lesd sosp as compared with thet of the saleium sosp.
It will bs remembered that the mors insoluble fatty acide de not form
the smylose-fatty acld cemplex as emsily as the more soluble ones,
Apperextly soups and fatty soids must net be present in teo inscludle a
form for optimen camplex formstiem. | :
sosp 1% edded to sempletely disperssd stersh solutiens, The iodine
ssmplexing powsr of the twe frastiens 1s cesnsiderebly differsnt. ~Altheugh
« sonsidersble smount of smylopectin is brought dows with the sosp-
precipitsted fraotion, that smount 41s far Jess then the smount indliested
mmm&ummzyw ﬁv),m mmt afﬁ'm
starech, mm m&mmmmutmm m:mnﬁgﬂer
to the Ledine %W%uc. .

‘ &Wmuﬂ'm nlﬁlts et!ﬁ*luﬁtﬁﬁﬁ! mmgmw
éiwﬁaa on the yﬂn&gﬂﬁ&w ei starches with ga‘km&u ﬂnﬂ. The
1mtmmﬁamwmam stareh gramles the grester the



fable XX

Oleate Added Gation Added mm Mmuu _50% Selutien

0206 . o 6,3 m&a mtlig&ﬁy
. : terbid

® 64 blwe iy

L. Bone 6,6  parple - very slightly
! burbid
 p.e0% 0 Oa 8.6 purple vory slightly

b 6.1 blue L turbid

"meme 6.9  parpls  olear
‘o8 8.5  purple slear
P 84 Blwe | slightly turbid

s

smount of stareh removed from mmm' The -ugmma&m
mmwwxmmmmmmuwmmwau
mmm«wmmewm. mynam:mwmz
mwkid‘pmlwmakmaahﬁ&tamwimﬁnhm
ﬁ%m%tm&ui&n&aﬂm | | R

| mmmmt«muMaqummmmm
mmwmmmm&wimmmgamwa
thmwﬁwa@MMMu mmrymm
mm removal of the starch was schieved. m;mﬁma&uwm
that the amylose is distributed throughout the gresules. Apparently the
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Teble XXX
Fraotionation of Sterch by Seap Precipitetion

Grans % dmylose in
0,626 0,80 6.Y2 78 28,0 1.0 30,8
1,08 1.83 7.40 87 16,0 2.27 24.8
2,10 5.30 6.20 66 48 2.47 26,0
420 391 B.45 82 5.8 2.26 2.0

Grems _Recow

| Mu 3, ﬁug#ﬁiﬁﬂgwmﬁwﬁggﬁwgﬂ?
attrsstive forces between the two sompenents are not disrupted to any
groat extent by hesting st 85° ¢, for short intervals of time.

B, OComplexzes of imyloss with Sysmetrioal Meleonles

It has been reported {40) (8) that the common charscteristic of the

. sgents which form semplexes with amylose is & fairly linesr molesule with
a 5%&- dipole and/or polorisebililty. Those symmetrissl molecules
which have ne net dipele wonld, ascording te this hypothesis, bave ne
tendeney to form camplexes with mmyloss. Alphs, omege disubstituted
hydrosarbons (the dibesis ssids, sthyl adipste snd hexsmsthylens glycel)
ars molsoules which would have no electrie moment parsllel to the leng

" axis of the melecule; hence, they wers used to test the validity of the
hypotheeis.



Addition of the dioarboxylio solds, sspesially the higher enes such
as aselaic sud ssbeois, to en smylose solution ssuses presipitation of
‘gggﬁgﬁ T4 1e %ﬂa%iaﬁaﬁg&&aﬁuﬁ
could be drewn, it was g&i?%ﬁkﬁgﬁﬂgﬁg
:glmwﬁ : §§n§&@»§ ‘alochols, fatty seids sod

%%gw mﬁimﬁgg utwus»gwwm.&pf
g%%%%ﬂ&#ﬂ%ﬁ%ﬁ%&éﬁﬂgﬁ
%Egﬁg ..am. %?gﬁm gi«»u.ﬁ

| “»ﬂnu- volues for n... ‘gﬁﬁnﬁ- B o

) cgwug&.g & g!!&g %, i&.u 3&

© Bthy) adipate end hexamethylene glysol preeipitated myless frem
1ts solution sbout ss resdily as the dicarboxylie soids. Nierossopie
oxsmination of the lerger erystals showed that they were definitely
sfyingent, ' Tdentificstion X~rey pstterns of the ccuplexes showed a
line for line correspondence with those of the dicsrbexylio ssld-mmylose
cumplexes,
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Per Cont Sebnelc Asid in Cemplex

_LBAa SBDASETE 3 B UL On

7.7 B X T
6.79 8.4
7.98
719 7.79

'&"ﬁ*a‘
L ]
-]

The sbove shows that dicarboxylic seoids form complexes with smylose
of the ssme mature ss those formed by the other complexing sgents
reported. Polarity of the molecule, while possibly pleying an importent
reole, does not seem to be nseesssry for ocemplex formstiom, In this
soxmection 1t might be mentionsd that in erystals of the iodine-potassiwm
' Sodide omplex of syclehexssmyloss (CgHaa0glg * XX * Ip  slteraste
nolecules are arrsnged with their electris moments opposing (10). The
resulting noment within the structure would de szere.

Date showing the smounts of emylose precipiteted ae the complex by
0.5 of a gram of sold from a 1.15 per eent amylose solution at verious
temperatures are shown in Table X¥I. The lsrger the seid moleocule the
higher the tempersture st which the complex will form. This alse
&nwgu,wva temperature to which & complex may be hested befors dis=
ruption. Prom this it is eppsrent that there is & positive reletion~
ship between the leugth of the dlosrboxylis soid snd the mapaitude of
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If the amylose bound ouly sebecic acid, the selds remsining in the
supernstant Jiquid should censist of 25 per sent sebsoie and 75 per cent
sdipie soids, The remlts show that seme adipic sold was also removed,
It would be very unlikely that all adipie aeid meleonles conld esonpe
being osptured within the smylose helix during its formstiea. Onee
within the helix, it might be d1iffiosult to remove them. It is ealso teo
be expested that, wnder the eonditions of the sbove axperiments, seme
sdipie unoid weuld be sdsorbed on the surface of the precipitated ssylose,

Although there are other methods more effestive and more conveanlent
than the shove for the separation, the fast that frastionstion was
achieved is interesting. It seems very probable thet the ability of
amylose to form complexes might be wmployed to meke ssparetions in eases

P Periodioity end Hydrogen Bond Formation

4n mind, (1) to determine whether the periocdisity of the spacing of the
Sodine atem oould be observed frem X-ray sualysis and (2) to teat further
the validity of the idea of hydrogen bend formetien between the camplexing
agent and amylose,

The complexes of the slkyl halides did not form very readily,
henoe, the danger of retrogradstion of the miylose was always present.
The n-amyl iodide complexes formed more easily them the n-butyl iodide.
Samples which were prepared with excess of undissolved oomplexing agent
and with vigorous stirring had the grestest smounts of the elkyl halides,

Iscamyl iodide cauplex conteinsd 8.17 per cent fodine or the

equivalent of 12,76 per sent 'isommyl iedide. Iwo semples of rwamyl



fodide complex gave 7.31 per eent end 6.60 per csmt for the halide
_snelysis, The mebutyl Sodide &n one semple of the camplex was 6.0 per
. gent. of the weight of the camplex. ,, |
| Zerey identification diagrams were mede of all the slkyl halide
. complexes prepered. Examinetion of these showed that the mmylose was
in the "V* cenfiguratien in all complexes containing the mealkyl
- dotermdne the presonce of the periedielity of the Lodine stems,

A ocomparisen of the disgrans of the nebutyl lodide somplex with
that of the isoamyl 1odide complex proved guite interesting, in view of
‘the atfferences cbserved by Bear in the n-butyl and . iscamyl aleshel
- eomplexes of smylose. The ssme differsnce was noted for the correspending
8lkyl helides, i.e., the iscamyl indide complex produced diffrsction
patterns extending to lower angles than the normsl hydrocarben halide
gg aﬁ #.w. a:gzﬂ syl g@%&»ﬁnﬁ swa!- with

isoamyl %%ﬁ wu&&&ﬁ.&wﬁﬁw&»@%ﬁ*ﬁg |
‘\!ﬁ.« gwﬁg n%gﬁgg »gﬁ%g&gng .
_m«ﬁ.? ggﬁéggﬁ&%g smmples ax.nﬁ,
%%gmg& anylose, the seme smyloss treated with |
,»&»& y&aﬂg %z»w»%v«ws%p »&aﬁ.nﬁnﬁ?

syvu. §

o ﬁgggﬁuviﬁu&g.ﬁwlﬁ&«w@&ﬁg
,iﬁwﬁ&wﬁ% ggﬂ »gswmnﬁv s which gwﬁ?ﬁ%ﬁ%
gumﬁiwg%an Q.n»mgwa_«gwﬁwwww &-&Qwa:

uﬁé%ﬁuuwe?ﬁgnﬁ»gwﬁgnugg?ﬁ o X .ﬁnea
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of the starch gremmles. BEvidence is pressnted that in gremuler starch

6. Diearboxylie soids, sthyl sdipste and hexsmsthylens glysel,
molecules whioh have me eleetrie momemt parallel te the leng sxis, ferm
enylose complexes similer to thoss formed by fodine, butenol end futty
setds, Henes, 1t is ooneluded thet dipelar molecules do not seem to
‘be neesssary for complex formatien with amylose,

' ¥. Yhermel stability of the dicarbosylie scid complexes depends en
the chein length of the seids. The lenger the chain the greater the
therma] stability. | ST e |

8. ‘Hydvogen bend formation osmmot be used to explain the difference
in csmplexing ability of smylose and smylopestin. HNeither osn hydrogen
‘bond formation be used te explain the interastion between smyloss end
elkyl helides. o | -
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