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wbinact
Starches iselated tyop ;hroo graded slzes of Netted Qo
potatoes groen cosmercially is Southern (Qnuﬁn.tt). Ccntrnti
(vinterburn), and Northern (Peace Rlver) Alberta were
studied for snyoxoecho-icol pro;orclo- such es mineral

. . (‘ .
composi tion, aszylose content, and swelling and

solubilizaticen p;ttorn-. Also dotoy-lnod'-oro dry catter
eand starch contents, sinersl composition, and anatomical
ch.ractortntlc;.ot {ho tubers, .rcin slize distridution
within the tubers, and their sultability for French fry
processing es judged Dby oil uptake. Statistical .n;lyuoi
indlicated tre highly signiticant role of location of yrowtn
in inzluencing some tubo’ and starch properties. Tucter dry
-a;tar and sterch contents were signiticantly higher for
Vauxhall patatoes in comparison to those fros Winterburn or
Peace xiver. In addition, Vsuxhall potatoes exhibl ted
sianificantly lower o0il uptake relative to the other "
locationse There was no lntordopcndoﬁco between growth
location and tissue cell size or starch grain distribution.
Starches from Vauxhall .ndv!lntcrburn ﬁrown tubers had
nlun;tlc;ntly high lodlzr pinding capeacity and amy lose
‘contents tha; those from the Peace River reglone Scanning
electron -lcroa;-ph- were used to iilustrate trhe behavior of
pot.toiut.rch graine ‘during gelatinization, and the tindings:
were correlated wmith current concepts of starch grain

| Y
ul trastructuree.
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mesintaln well moliuture at a level above S0% of the field

capacity.

B. Factors lntlucnc{giithoggroco..{ﬂl quality of potatoes

du _reletjop to French fry prodyction

The pruceseing quallity of potatoes can vary not only

among tubers, but also within o tuber. Clizate, and
cultural and storage practices contrihute to the
variabilitye.

Theregorey selection of reav saterlal has been' accorded
careful attertion by processors, the acceptability of tubers
being dict.tld‘by the type of end product desired, and by
processing condit}on-. Specific gravity and dry matter (DM)
content have always been utilized as pr;ctlcal criteria in
the assesssent of processing quality of tubers. While
positive correlations with tuber processing quality have
been established with these two factors (Barrios et ale,
1961a), contradictory findings have ;L-o been reported
( Kunkel and Holstad, 1972; Motes and Grelg, 1870). However,
as pointed out by Weaver et al. (1975). specitic gravity
meagurementsy in conjunction with determination of reducing
sugar content and frying tests, still provl&c the best basis
for screening of raw tubers for frying.

The quality attributes of majcr ccncern to processors
are color, tlavor, and texture of French fries (Maclean et
al., 1966)s Factors known to influence French fry quality

include the cultivar of potato, and cul tural and

environmental, storage, and processing conditions.



le Potato cultiver

The potate cultivar is widely accepted to exmsrt the

dreatest influence on processing quallity. Using cultivars

| .
ot hlgﬁ DM content (high specific gravity}) would usually
ensure a satisiactory end product characterlaea by increasea
yield, crtlpnoll.'pnd mealiness, low oil éontont. and
improved flavor (sMaclean et al., 1966; XKirkpatrick ot al,,
1856).

Cultivars also vary in reducing -uca;‘contont
(Swiniarskdi and Ladenbdberger, 1970), tendepcy to accusulate
roduélnd sugers during ltofqgo (Agle and Woodbury, 18608;
Samotus et al., 1574a,b; Niller et al., 1875), and response
to conditioning (Agle and Woodbury, 1968; Iritani and
veller, 1977) -~ all of which have a role to 31.y in
determining the appearance (color) of the Q.dlpr0duct.

Mohr (1872) reported that the amount €ef pith tissue in
the tuber was cultivar dobondont. Pith tissue, whaich |is
lower in starch content than ccrtex or perimedullary tissues,
exhibits a greater tendency to absorb fat during frying than
perizedullary tissue, thus adversely affectdng the textural

quality ot the fried product.

2. Cultural and environmental conditjiong

p Cultural and environmental conditions include: time of
planting and harvest, plant spacing, soil type, temperature
during thd gromning season, available molsture,

fertilization, insect and disease control, and vine killing.

The timze of planting and harvest, along with a



suiltitude o2 other factors such as insect and disecase
control eand vine killingy affectes the maturity of tubers,
which then aftfects the quality of the processed product

(Sl}th. 1975a). . v

Decreaned plant spacing (4e.e¢, increased plant
population) was found by Bleasdale and fho;;;og (1968) to
result Iin pctatoes higzh In specific gravity and Did coutent.
This =slght heve been a result of doqﬂi.nod soil !ortll;ty
and water availabdbility, factors which correlate with
increases in specific gravity and DM content (Smith, 1875c).
These findings, howmever, were not subatantiated by Tisam et
ale (1¥63)y who indicated that seed spacing haa no

] . ®
appreciable effect op speclitic ﬁr.Qity of the ‘White Rose?®
cultivar in three out of four trials. N

Soil tyre exerts its influence on quality via
diiior;nces in watesr holding, capacity, drainagye, aeration,
temperature, or fertilitye. Nash (1941 ) stated that soil

type has little or no influence on DM content, and Neenan et

al., (1967)y in an investigation involving mineral and peat

-t
e

soils, concluded thrat soil type has little, if any,

influence on sgecitic gravity of potatoes.

-

The rates of aetabolic activities of the poagto plant,
-uéh as uptake of nutrlents, photosynthesis, and
resplration, are largely inztluenced by temperature durinyg
dgrowth (Smith, 19875a). The author stated that reduced
accumulation of carbohydrate reserve in tubers occurs at

high tespesratures, since the increase in the rate of



respiration is greater than that of the rate of
photooynthool-. thue resulting in Llew Specitic yravyty
tubers. The obeervations of Notes and b?ol. (1ve0, 14¥70)
lend support to this etateaent. Thoy'notod the asesoclations
between high aj¢ ngd soll temperatures, and lov specitic
dravities end darx chipas or fries. This can be avolded by

irrigqation, which sorves to lower the esoil temperature,

respiration (Motes and GOreig, 1870). Hovever, it ia
dgenerally concedeg that excessive epplication of -.t;r.
particularly during a low temperature arovwing season, often
results in reduced Dy content and epecitic sravity ot
Potatoes (Prince aend 8lood, 1962), .
| Resul:cse ro}ortod iln the literature are not unanimous
fedarding the effect ot fertilizers on quall ty, but, in
deneral, increased fertilizer application decreases speciftic
dravity (Kkunkel and Holstad, 1972). Of the three ®a jor

-y

mineral nutrients, N and K are considered to tear aore¢

Significance than P g ntt,ctlng sSpecitic éravity (Lujan and

4
-

S.‘th' 196‘,0

whereas §p fertilizetion had no effecte. ¥ith increased K
v

1ortillzctlon. improvements ip orly gsome of the quality

attrinputes were observed,

The form of fertilizer (Llujan and SEmith, 1964;" Naclean

ot al., 1566) andg the method ot fertilizer Placesent (Smith,

&
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1¥78s) has also been leplicated in intluencing processing

quality.

Je jtoreae conditions

[

The significance of storage conditiens Iin relatiocn to '
praocessing quality of petatoes les vell established (lM)yde and
Morrison, 1wéd; Cunuingham et al., 1966; Schippers, 1971,
Samotus ot ale, 1974ai Irltanli and voller, 1877). ldeally,
-tor.¢; conditiors shoeuld permsit raplad scund healing of the

.

tuters ismediately after harvest, with sinimsus eprout growth
and loss in seight, ne decreese in specitic ¢chAty. and
little of no accumulation of reduclng gugare. It is
.aoonerally recosmended that potatces shich are to be
processed into French fries be etored at 10-14.89 ( Seith,
14750 )e Sparks (1+73) found lover peel and trim losses, as
well as lower sugar content of tubers, lighter color, and
petter tlavor and texture (no:llno-- end crisgness) of
French fries grocessed from tubers ventilated with ailr of at
least ¥S5% relative husidi ty. On the otter hend, selth
(14750) stateoc that storaje at about 4.49C to avold
intection and decay of tubers is advisable }t field frost or
Late blight rot is iIn evidence. The author elso pointed out
thet tubers stored at temperatures bslde 109C must be

!
reconditioned at a teamperature between 15.6 and 26.79C,
while maintaining relative husidity betwmeen 75 and 0%,

until a desirstle level of reducing suger 1is attained, as

revealed by frying testse.



4. Preocespiny condjtiong

The etfects of procesaing on French fry quality were
reviewed by Veaver et al. (1975). Processing sethods or
cdnditions in the French fry lnd.rtry ere often moni tored to
ensure that the eng product will be of optiavs yuall ty, For
l;utcncu. hot sater bdlanching of French fry stripe prior to
frying results in &« more uniform odlor. recuced oill content,
and improved texture of the fivnal groduct (lslelib et al.,
lYod; weaver et al., 1978).

in addition to blanching, the oil contcni of the tried
product can te controlled by sanipulating thichness of
slicesy and frying conditions. Hydrogdenated vegewtable oil,
because of its jsproved gstability ageainet rencidification,
ie used rather extensively as & frying sedius. Frying
tesserature s of l-p’rt-nco. Ila general, a rise in
tﬂfporcturo increases oil dotorlér.tlon, leading to French
fries of interjor quality due/ te ftf-flavor development.
However, oxicative stabilit of the frying oil at elevateda
temperatures can be achieved by the addition of silicone uwil
(organo polysiloxanes)y which also serves to increase the
smoke point ot the frying oil and, in e0 doing, minisizes
cltarring of French tries, thereby reduclnyg off-flavor
development in the eund product (Babayen, 1961).

Ce Starch biocsynthewls

it is vwidely acceopted that the bDiosynthesis of starch
is initiated inside tne cytoplasmic organelles known as

plastids (Badenhujizen eand Chandorkar, 1965). Although msuch

11



is snown about enzysic reactions during starch ayntheesls,
the mecheniass involved in stdrch grailn torsation are not
wvell o-jnbllohoc. ' YIRY ) .99‘;;at froe & nuaber of reviews
(Pazur, 1068 Nanners, 1068{ Padenhuizen, 100; Merashall,
°1y74; Banks ana Greenwood, 19785).
The principal enzyses which have been couTclctco sith
etarch blosynthessis arel (a) phosphorylase |
ta~l,4-glucaniorthophosphate alucopyl transfer

EeCLoeldedelel), alsoc unownmas P-enzyme; (D)

(‘-l yd4~glucenia-1,4-glucan 6-glycosyl tr._n.lo‘\‘

EeColdedolelr), o branching enzyme; and < gt
[uridine or sdenosine diphosphate o lu sbbP

.

, nthetase
ALPU)iu-l1l,4-glucan 4-glucosyl transferase, EeCedoedealodl ]

1o ¥41r8. shosphorylase, wlth salto-oligjosaccharades as
primerw, produces amylose froes dlucose-1-phosplia te (e=-1=-P),
while y—enzyse procuces amylopectin from arnylose. A chain
length of st least 40 glucose unite is required for gotato
Q-ensyme action ( Nussenbaum and H.-.ld,'1952). .Starch
syr.thetase, on the other hand, using UDFG or, preferaply,

.
ADPG ll'l dlucoayl donor,y 1is capable of synthesising u=1,4
bonds (Frycman, 1903). This enzyse, because of its .trobg
adsorptaon to the starch grain, has bees reported Dby
Chandorkar anc Sadenhuizen (1967) to be an inteyral jart of
the starch grain structure. A solubhle starch synthetase
capable of utilizing only ADPG as a dlucosyl donor has also

been isolated frcm potato tubers (Frydsan and Cardini,

180660 .

12



Doubte have been CAPresaed cencerning the role ot
shospnerylease an the ®e Jor stearch-ayntheelsing enayae upen
the discovery et staroh eynthe tase, an enayse which [ 1]
ougar nuclevtives as glucose donore (Lelofr ot al,., "j
In spite of this, there are still clalae that phosphorylase
le responainle for a large portion of sterch ayntheais (Teai
and Nelson, 1Y6¥; Nadenhulzen, 1863, 1968 ), As bkadenhuiazen
(1969) indigated, ne satisfactory evidence eaimte which
vould disquelity prosphorylase as the principal ensyme in
starch bloayasthesie.

ADPG-gtarch synthetase, the préfinco of which hee been
regported 4in asylose-containing starch drains (Fekete ot ale,
1oV )y, has nout beer proved to be the maeJor seerch
syntheslziing enzyme (Badenhulzen, 1868, 19731, Uov‘v&r. it
is assumec trat tihe Sn2yme may serve the iagortant tunction
ot producing ollaoonccﬁ.rldo. trom seltose®, ehich could then
S€rve as jrisers for phosphorylase. Badenhuisen and
Chandorkar (1865) also Postulated that the zresence of
linear molecules in araines way be attribyted to the strong
attinity ot the enzyse for starch solecules.

The relative iamportance of phosphorylase and starch
synthetase in ip xiyg starch formation ie etill uncertain,
but, as stated by Banks end Greenwood (197S)y the fact that
both duzymes are present in adequate amounte in the
starch-synthesizing tissues of higWer plants makes it
possible that all the e-1,4 linkegees synthesiized can be

.ttrtbutodﬁto either enzywe. Hovever, the prominent role

{

13
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Y
essuaed by phespherylace ever oterch esyntheteee in starch

biosyathenie heo bdoon (uplicated in pete tees (Pettlinger,
1004 ).

Ihe realisation that the P+ end U~-enayses ore deth
soluble ane localisee In the plastideal etreme (Badeanuisen
and Chendorsar, 15608) peses & fuadesental gredleas ia the
understanding of the sechanies ef etarch blesynthenioe. is
ie dittficult to account for the ceesnistence e¢f lLineer end
Breanched selecules withia the starch grain,

Several theerios heve Beon adveneed te oenplain thie
pheneasenon. The cemparteentaliaation theery ot Ino:.n
(16688) sugyeete that the syanthesis o8 lineer eand brenched
solecules '.lol‘fl.co in twvo comperteents, separated by o
sembrane wshich preveantes free diffusion of the eni2)ymes. The
sesbrane je, however, permeabdle teo glucose end
ol igosaccherides of low degree of polyseriseation (DP). A
achemetic representation of thie theory e gyiven In Figure
il.

According to this theoty, D-enzyme Dringes about a
aleproportionation of the meltotetrecse (priser), causing
three glucose unite of the priser to be incorporeted into
ssylogectin and ene into amylose, therebdy accounting for the
comsonly encountered il ratio of gsylogectin to amylose in
moet natural starches. The theory was subseqgueatly revised
to accomodate the role played by etarch synthetase (Phelan,

196J3). IThe modified scheme (Figure J) ehove the forsetionan

of asylose fros ADPG or UDPG Dy starch synthetase, while the

At
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s)nthesi s of soylepectia 0 carried o\ By phesphery loce ond
u-vaeyee 18 (Le presence of @=i=P and prtioer.

1ae esylepectia (a ‘hio eehone oleye he cele ol o
physiecal berrvieo. T euerrouvnde the csaylesc-oynthenising
enayoe, (Pue preveanting the dlifuailon of U 0aa)ee o hre
sl te of coylese e)athesio. Beovever, the derrier dooe olloe
the .ooo;.o ef Vte ADPO er VBPO seleculon, ohich are
elvecayl svaere o asyloeoe oynthesis.

ssered o)otboold lavol!tua e glycegea presvureer
sochaniee vee fevered by grilander (1080), The propesesd
sechanies lavelves the c.;'Of.l.I ol glypeogen (aloe bnowa &0
phyteglycegen) te eny lese and esaylepectin vie the ectlion of
e doebrenching enajyee. The liaoar chalne ebtained the
ronoval of the eaterier a-1,0 Liahee ehalne ore bdelioved to
te Jelmed together ¢ tera am)lose, while ke reslavel
debrenched glycegesn conetityutes the aeylegectin. Thie
postuiate nae recelived Littie suppert eince elryclogeon hoe mot
peen found is any slaat other than eweet corr, & there Lo
no eviagdence for the presence of & detranching ona;\< AN
plente which oill ect enm glyceges (Becohall, 172, \\

veddes snd Greeaveod (1969) have sugpeeted o
aulti-patheay systea for @terch blosyntheesis (Figure Jdde A®
eutetanding feeture of the pestulate telaten %o the
forsetion o2 & Limear dextria ‘peol' derived fres
trenagluceogylose gatheays, ‘;o.pnor:l-oo eyathesieo, OF

asylose aegredstion, Aleo, “the groeth ef the grein takes

placa by esppeecitios at tag” greia aurface. Ihe iatease

-
-

-

\ ’7/
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amylopectin

P+Q

P
lincar
glucose-1- /;

dexmns
\ phosphate amylose
N
1 ADPG
pyrophosphate
' ATP ¢—————> ADP
uDrG fructose
pyrophosphate
ATP
un
sucrose
ADP ATP ADP
A4 N
glucose-6-  ¢— —— fructose-6-
phosphate phosphate

3

Figure 3. Schie for starch biosynthesis proposed by
Geddes end Greenwood (1969).
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lyn?h..t. 0i linear chains at or near the surtace safurates
the activity ot C—enzyme, thereby preventing a proportion ot
the sclecules froe becosing branched. Ihis hypothesis
explains the otserved Lncrease in amylose content (relative
to amylopectin) with an;o:-o in ygrain size.

A concept in tavog of the amylose-precursor mth.ni.m
was proposed by Bgdonhulzon (1963). The author also tavored
the view that grain formation proaio..on by rapld periodic
crystallization of a coacervate within the matrix of the

>
agyloplast. In each coacervate droplet, linear molecules,
which are continuc#hly formed, are gradually brlncﬁ%d by the
Q—onzymo} Crystallization may occur before tranching 18
complete (ordinary starches), or after it hag '¢en completed
(wanystarchec). Deposi tion ot the coacer:ate rop}cta
takes place at the geriphery of the alread)y easmting starch
grain.

Eviagdence in sugpor?t of growth bYy appoel tion was
provided by Badenhuizen and Dutton (1956) by using a
Cl%~lavelled precursor and folloving\the growth of the
starch graine Badenhuizen's theory suggests an even
distributlon of the linear and branched components within
the grain cf ordinary starches, an assumgption which is not
inconsistent with the observation that residual pot:\o
starch grains obtained atter pacterial a-axylase treatment
contain the sase amount of asylose as was in the original

grain (Leach apd Schaoch, 1861). Intussusception, according

to Badenhui:en (1865), ise responsible for the lengthening of



the existing mclecules, particularly the linear chainse

TLII provides an explanation for the apparent Increase in
the linear ccapcnant during starch grain growsth, A proposed
Pathway for the biosynthesis of starch comronents is given
in Figqure 4 (Badenhulzen, 1968).

Some distinctive features of the scheme (Figure 5) 1in
relation to the biosynthesis of starch Comgponents, advanced
by sarshall (1572), potnt.to the assumptions that: (a) AVPG
ls the precursor of amylopectin, and UDPG ot any lose; and
(b) pho-phor;late plays a minor role, if any, in starch
syntpeel-. Nevertheless, the absence of pyrcphosghorylase
in potato tubers impliee that ADPG may te generated via
another route, probably that which involves sUCrose
Synthetaese (Cardini and Recondo, 1962).

A recent contrioution to knowledge of starch
biosynthesie, made by Schieter et al. (1873), bears some
resexblance to ‘ar-hall'. proposed schemel They also
establisted the formation of amylopectin by a
synthetase-tranching enzyme complex and that of amylose by a
synthetase, the ratto.ot amylose/asylopectin bein;
determined by the ratio of the two forms ot Synthetagse C?

. J )
enzymes.
The foregcinyg reviews show that the mechanisa of starch

. ~
biosynthesis has ngt yet been fully elucidated, thus

emnphasizing the n\ed for further research in this area.
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Figure 4.

formation proposed

Schematic representation for starch
by Badenhuizen (1969)2- The enzymes involved are:
(1) ADPG-fructose g1i¥syl transferase, (2) invertase,
3) sucrose phosphatase, (4) UDPG-fructose phosphate

lucosyl transferase, (5) hexokinase, (6) isomerase,
» (8) pyrophosphorylase, (9) phosphorylase,

(
?7) glucomutase
(11) a-glucan glucosy? transferase,

(10) Q-enzyme,
(12) amylases, (13) maltase.
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D. Some properties of potato starch

t

1. Fine structure of the starch graln .I

Starch grain structure varies with the starch source,
80 knowledye acquired from the study of a given starch
should not and cannot be extended to starch graina in
senerale. Emphasis in this discussion will be on yltoraturo
pertinent to potato starch structure. Since the subject has
been eritically reviewed by Sterling (1868), .nd, more
recently, by Manks and Greensocod (1875), attention will be
given largely to literature published within the past
decade.

Native starches are sesi-crystalline, and, depending on
their crystallinity patterns, as revealed by X-ray
diffraction spectra, can be arbitrarily classified as A-,
B-, and C—-starchese. Ndost cereal starches are A-starches,
while poteto and asylomaize are representative B-starchese.
C-starches, which include those fros smooth pfeas and beans
(katz and van Itallle, 1830), exhibit an X~ray diffraction
pattern intermediate between those of A- and d-starches. 1t
is of interest to note that the crystallinity of potato
starch, estimated at 22% (Sterling, 1960), has been
attributed to the asylopectin component, while aaylose would
be in the easmorghous state ( Banks and Greenwood, 1875 ).

The starch gralin, which is blro{rlnaont (a phenomenon
indicative of a high degree ot molecular order and
orientation), also has lamellations in its structure -~ a

feature accentuated by acid or enzyme treatments (Hollinger



| J
and Marghessault, 1»78)s The dovotopquﬂ ot ‘h.:;.‘ shell
otfuctugzt is telieved to be influenced by environaent.
vhile su8h a concept holds true for wheat yrains, shell
-
formation in gctato grains A-ilndopondont of the efftecte of
day-night alternation (Buttrose, 1862). Rather, endogencus

rhytha, which regulates the supply of starch pro"rooro and,

thus, molecular pacxing density, is responslible for the

control of shell ftormation in potato sterch grains.

-,

. ). The leyering eftect is an imporgant part of some starch
L]

4rain models. A proposal for a lawella

model for Skhoitd
starch, in accord with the long~held view pposi tional
drowth of starch grains, has evolved as a result of the
anisotropic light scattering study conduc ted by Mencik et
al. (1871, Furthermore, a radial arrangemsent in the grain
struc ture vwas ad:yc.tcd ftor the six-feld helices of the
starch molecule.

Employing the same technique, Finkelstein and Sarko
(1972a,b) concluded that the graln structure of potate
starch consists of relatively few but coarse layers (4-7 pm
in thickness) with varying degrees of .nln;tropy. In
addition to their luuacqtlon that the coarse layers sight be
comjosed ot finer -uﬁl.-cllcr structures, they also
indicdated the presence of an isotropic center (hilum) in the
4rain morpholoay.

Confirmetion ot lamellar structures was provided by a

scanning electron sicroscopy ( SEM) study of ecid and

a-amylase treated cross-linked paotato starches (Hollinger

23



&nd karchessault, 1978)., 14 a8 found that the core uf the
Potato starch ygrein ie o reglon of weas orgenisation, as
évidenced by ite great suaceptiblillity to the hydrolyttc
action o2 acid ard enayme.

On the other hand, in replicaq of fracture taces ot
Lintnerized potato etarch, Sterling andg Pangborn (lweu)
could not observe any laseliation, but, lnetesd, provided
evidence for the presence ot fibrillar osyanizatics in the
srain structure. They could readily distinguisn radjally
oriented microtibrilg (averaye diaseter ot atout 270 2. and
a length of .‘.lo.-t 4000 ;) which seemed to bo'co-po-od ot
sicellar atrands (80-080 i in diaseter), with amerplL.ous
starch occugying the intermicellar reglona., The »
microtibrila ®ay Join together to fors a larger atrand.
Simailar sicrotiprillar -{ruc!uro- were also seen in
freeze-etched surtace of freeze-fractured Lintnerlizeda
Pctato starch greins iioon-rd and Sterling, 1372).

Sub.oquont.sku studies carrled out by Sterlin, (1874,
1976) in the examination of Potato etarch grains undergyoing
verious stages of #olatinization aleo SLgges ted deposition
of starch msolecuyles 1o the fors of long radial fiorils, of
varying dlemeters (U.1-1.0 pm), radiating froa the hilus and
traversing the concentric lamellations of the grain
structure. It vae suggested that these tibrils, assc
through hydrogen tonds and/or van der Yaals' forces,

radially oriented solecules connec ted by covalent bq' a ..

the radial direction. Consequently, the reglorns ot ‘

24



ere eaciusively redieal Az the grain estructure. Concentric
lesellatione, telieved to be the major gryenisational factour
in th; ol.rch‘.r.tn etructure, vere alsc noticeadble at the
portph;ry of the etarch grein (Sterling, 1874),

The presence of pores on the graln surfece |Is
isgplicated in l;o tibrillar conceoept, In native potato
starch such pores wqre found to have diemseters ranging torm
UeB~75 nu, %ith amall pores (VUe%5-20 nm) concentrated 4in the
intersolecular and intersicellar spaces sithin lho(lllotl...
and large pores in the interlesellar regions, the latter
rosro;outlnd tangential zones of weakneos (Sterling, 19701,
Ihe recent tinadingse of Vetzatein and Sterling (1877) end
Kassenbeck (1378) also support the tibrillar concept of
potato starcl greain structure.

By subJjecting Lintnerized potato starch to the ection
ot bacterial a-asylase, folloved by e @ild perlodic ac id
oxidetion and silver tixation, Galiant et al. (1872)
demonstrated the presence of both radial and tangential
(concentric) ordgenization in potato starch greain structure.
Hadial arrangemsent of microfibrils sas observed in inner
regions clcse to the nhilum, while tangential crder ves
evident in the outer regionas. These findings confirsed
those regorted by Sterling (1874).

Another potato starch graln model viewse the ygrain
structure as consisting of an asyloee cho surruvunded bY

tangential layers of crystalline isodiasetric micelles of

folded asylogectin solecules stabillized by intermolecular
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hydrc.oy bonding (Uruber et al., 1873).

An Llnvestigation Involving tritiuw=-labelled corn anu
potaty sterch gralas ( Nordin et :lo' 1970) hae shed sosme
Light on solecular orientation in the grein srchitecture.
The authors suygested that the esterch solecules are oriented
with thelr non-reducing end at the grain surface. Ihe
teplications of this were discuesed In relation to tlLe
srowth of grain structure by apposition, .

The chein contormation of ;t.rch solecules in sYarch
greins hae also been & matter of concerne On the beasis of
X-ray ditfractlion studiee of oriented B-asylose (fibres
prepared trom potato amylose, Blackwell et al. (1908)
sugaested that the asylose chain ir B-starch |is a
lett-handea, mingle, six-fold helix. Water solecules, an
essential feature of the postulate, are found intercalated
between glucose units in adjacent helical turn-.‘ .

Sarkc mnd Wu (1978), also working with the saae
specimen, were strongly in favor of a model for A- and
B-amylose & tructure ch.rlct.rlz‘d by a right-handed,
parallel-gstranded, double helix packed in an antiparealliet
manners The A- and B~struc tures, however, differ with
respect to the packing nrr.ﬁ;o-oni 0of the helices, and water
content,.

Another scdel for B-starch (Keinumse and French, 1972),
which involves intertwined double helices, stems fros the
view that water is not an integreal part of B-starch crystal

structuree. Starch chains, represented ty left-handed double
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‘helicen (arranyeda ®ither paraliel oF antiparaliet), vere
Sald to be pached la o way *hich excludes latercnain sater,
Yorthy of nete 4o the neljicail carrlier chein sedel tor
aaylopectyin dovolé.od by rroy-lyoclln. (1860). Thnie ¢hain,
which can be 4ccosodated (n the 0.1 ue appoeltion lasella,
tonsiste of o tangentially ofiented six-tolg helia careyling
radially orionteo Parallel gilge chalne charecteriaea by
three-s0lda Jlchlcn helices. This 4iveas o éraln structure
vith both lasellar (portodtelt: = 80 i» and fibroevus
(porLodlclt) - lO-q ;) characteristice, The smaylose helical
chalne, ln.nccordnn;o olSh the Proposed n-ylop.cttn
ul'ra-trucutro. G2supe ¢ WAx-fola tan.ontl.lly arranged

€conforsation. Sych & heljcal conformation of the cerrier

anylose chaein ccnto;lctlon. while regulerly foldea an) lose
chains were gtil| ©f a hypothetical nature. Hdowever, the
helical sodel, agpg Froy-'y--llng (1969) adeittec, is not
without flaws.

Desplite the -;ny lnvo-tlu.tton- that FLave been
Conducted, crecise intormation op the structure of native
starch d4rains, withp respect to the distribution of
crystalline andg @sorphous areas, and molecular chain
contformation, ig still lacking, n; is obviogug from the

highly contradictory nature ot the viewpointg presented in

this revies.
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de Qtarch cospencate

fe conduct fundsamental lnvestigetions en sayless and

'Y ) pev tin, otarch ouet firet ho Loelated ane then

freffBionatea 1nte st twe coeaponente by nen~degredative
Preoc eadures. wany snvestigations heve beeon conduc ted eoith
“depard to tractienation techniques (Cevie aned Lreenvond,
1¥87e,0; Banue ot al., 1960} Gilbert ot al., lbod). The
@oet efficient aethod, as outiined by Banke ot al. (I¥IV)
ana Greenvood (1§76), entalile pretrectment of atarch witn
disethyloultwaide te ensure coesplete dissolution, dliepereion
of the graine la sater, and gelective grecigitation of
amylose by eiltrer thysel o¢ butanel. Purificetion ot the
ineocoluble esaylose cosplex e echieved by recryystalllsation
with bputanole. Asylopectin je obtained by freese~drying the
supernatent efter resoval of the amylose cosglex by
centrifugaeticne. A critical evaluation of the various

fractionation procedures wae provided by W®histler (1y09%5),

and Banke and Greenwocod (1878).

(a) Asylose
(1) Yenere! cheracterjietice
The structural features of esylose are sell /~\
established, ae are sany of {te charecteristics and
propertiese.
The heterogenecues nature of asylose ves firset revealeu
by Cowie and Greenwood (1857b), who observed that it cen Dpe
’

separated iInto fractione with varying B-eas)lolyeis limite, a

criterion which grovides a seasure of the degree of
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ohich e (ntluenced by the eice of

the selegule (leeey DP). /

A Otudy ot he nydredyncsie bhobhavier ‘:—:-ytooc
fractiene b))y Ureonoved (I1Ve0) itneicated thet $he ebeervea
tncosplete h)drelysies of saylene ») I-Qoylooo alght de due
to branching 4n the selecule, The nature ef the barrier te
S-eaaylolyoio veoe lator esenined (o dotell by daake ene
Jseemsvud L1007}, whe coa’lr-od the presence of a lisited
degPee ot leayg chelnm lr‘uchta..

Characterisation of saylese hee pooed oc¢ne predless in
view of iste heteregemeeous nature. Censoquentliy, toteal
esylose ie coescsonly pepleyed in th; etudies of propertiecs ut
amylvee, with B-eaylolysie end viscemetric detereinations
{in ollute albali solution) providing the beet secans sor
such Inveestigetions (Jreenvoeed, 1¥70). The letter Lo
particularly veseful in the esesesesent of the soleculer sise
0% as)loee, a characteristic profoundly i(nfluenced b) the
Saturity of the plant at the tise cf starch isolation
;bodooo et al., 1lvesS). Potato starch amylose, isolated froams
msature tubere, heo an ledine bindlng capecity (IBC) of
1658, a M-asylelysis liwlit of 768, aned o lisiting viecosi ty
value (7) in 1 u AON ot ;IO el/gys which corresponded to a LP
of JOUY (Greenvoea and Thoasen, 1962).

Phoephate, comacanly as@ociated with the smylopectin
cosponent, esterifying the C4 poslition, hee been reported to

be present i1p saasylose at a frequency of | Fhosphate grouy

per 24V0 4lucose unitas (Peat ot al., 19852a). 1he



elgalticance ol thle Sladling, hevover, 'ae nel ot boon
esapleinee.
(44) Joraction of Inglusien genpioges

A predesinan ;NQOOO'.'l.'ll ol seyleoe (0 1% obiliny
te tulor;o! sith pelar or.oalc-ou..!onco. (eonoglyseoriven wr
fetly acide), Slaver subetances, and ledine)| reaviting o
the foreatieon ef isaseluble Laclusien cosploass. The
reactiva vith jolar erganic seolvente is vees 10 advantege ia
solective preciplitation and purificetion of saylese irea ‘
starch dispevoione (Olilneret o9 al., 1W0s), Iatereaction ot
eaulellying egeata Ilth";ylooo ie Qci\ ameoon (Logondl s ond
rennings, LV ; Cosan ot al., lDQl); 'tho ilaterection hae
foulhd entenesive epplication (n fcod -..yﬂ.:‘u:sn. precticen,
netadble oxncaples veilng the breead indueitry (ven Lesahuyeen
and Mlankestin, lv74) and dgehydreted potete yrenule
aonul.clurln. (tNedziyev ana BSteele, 1870). Ceman-leseil sad
Solme (1Ib7J)) cenducted an favestigation on the l“-oﬁloa o
incluston coespounds Oof estarches oith flevor substances. g
the four Ilnterectione menation®d, the Ianterection of sajyluse
with fodire le Uldouht"‘y the soet wvidely investigated.

Aay lose, upom reaction with jodine, greduced o
blue=colored coeples, which, bn the selid crystalline state,
has been shees by lI-ray diffrectlien to gesseee & heljcel
character, uitr the lodise selecules in the central chansel
of the helis (Busdle and Premch, 194)). 1The viecosity study
ot Benke end Greenvéud (1971) provided eupsgort to this

§ .

concept in light of the observetioa thet additios of igdiae



and butanol to asylose in neutral aqueous solution is
invariably accomgpanied by a pronounced cecrease¢ in
viscositye. The authors attributed thie to the ability of
the complexing agent to force a helical conformation upon
axylose, thereby causing a large decreasze in the
hydrodynamic vclume of the aacromolecule and, thus, the
observed decrease in viscosity. This explanation is p.ch
on the assumgtion that amylose in neutral aqueous salt
solution has no gronounced relical character.

The resction of amylose with iodine has formed the
basis for asylcee cetermination in starch seaples, generally
by potentiosetric iodine titration. IBC, as defined by
Banks et al. (1€71), is8 "the weight (mg) of {oaine bcund by
100 ni polysaccheride at zero free jodine concentration".

banks and Greenwood (1915) indicated that the role
played by the iodide ion in the amylose-iodine interaction
is obscure, degpite the realization that it aust be present
in agqueoua golution betore complex forsatior can occur.
However, it was noted that ilodide ion is not required for
blue color.dcvolopmont in crystalline amylose in the "V'" or
helical contiguration. ihln led to the suggestion that, in
aqueocus solution, lodide ion might serve to bring the
amylose molecule intoc a contigjuration fevorable for
dodine~bondinge.

On a molecular level, it has been lugaottoa that the

helical azylose structure is msade up of aluccso.renlduea

with C1 chair conformation (Rossotti, 1959). The postulate
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almo eggcunta tor the interaction between the D-glucoslidic
oxyygen, the oxyJen on Czy, and the jodinee.

Many other modals of the amylose-iodine complex have
been ‘progposed to help clarifty the nature of amy lose-iodine
interactione These were adeguately examined by Foater
(1%65) and banke and Greenwood (197§5) in thelir reviews.
Desplite tho‘tact that doubts have been ralsed concerning the
validity ot scme oOf the thecries proposed, they have
neverths less contributed alanltlcantly to the understanding

ot amyilose-igcolne interaction. .

(iii) Benavior of amylose in solution
-

This perticular aspect has been accorded a great deal
of attention in starch research, as it aids in the
understandigg of the subtle details of the gstructure ot the
macromolucule. A scund knowledue of the ccnformation of the -
constituent gltucose urnlit of amylose ie a prerequisite, as
the D-glucogyranose ring conformation hage a pro found eftect
on the configuration of the aaylose molecule in solution
(Hyol et aley 196S).

Reeves (1854) concludéd fromx his study o; the
solybillty of amylose in cuprammonium that recrystallized
amylose contains two U ~t=-fors ring conforma tions namely bl
and JB. However, in the presence of alkall, transformation
from two ripg-foras to a singte ring-form takes place. This
was attributed to the tendency of a ring hydroxyl groupy
with axial crlientation relative to the pl.no“:t the ripog, to

assunme an equatorial position upon dissociatione.



The postulate of Holld et al. (1861) favored the
presence ot a chair conformation, Cl, as well am the JB
conformation in amylose, with Ci conformation teing ‘ho
predominant forp l; native a-ylo;o; while, fn.nlkali'a-ylo-o
and retrograded amaylose, the 3 conforma tion predomi nates.
The authors stated that, unlike the C1 conforwation, the Ju
contornatlcnldool not confer a helical ltructu;o to the
amylose chaine. However, nuclear magnetic resorance studies
conducted by Rao and Foster (1965) did not detect any change
in the ring corforzation of gluccee and its oligomers witn
pH changese.

In general, the C1 conforuation ig considered the mout
favorable, bothk in the aolid state (Greenwood and komssotty,
1958; dybl et el., 1965) and in solution (Rao and Foster,
1563a). Furtherzore, the energy of the C1 conformation hasg
been shown to be lower than that of any other conformation
(xXao et al., 1867). Consequently, ag Fointed out by Hbanks
and Greenwood (1£75), a model of amylose conslsting of
dlucose residues in thne Cl contormation should be employed
ih the intergretation of the soluticn behavior of the ”
macromolecule,

A divergence of opiniones exists concerning the
configuraticn and ooh&\gr of the amylose molecule in
aQueous ;oluticn. A8 reviewed by Banks and Greenwood
(1875), three basic models have been proposed: (a) the

randoms coil model, characterized by a complete lack of

tertiary structure in the molecule, and the assumption that



a helical contiguration occurs only upon complexation with
lodine and other cosplexing agents (Banks and Greenwvood,
1867b); (b) the interrupted, tlghtly-wound helix model
edvanced by SzeJjtli et al. (1967), which depicts am;louo as
a -1:cculo cosposed of helical seyments, with the helical
regions stabilizea by intramolecular hydrogen bonds, each
segment consisting ot about 120 glucose units with limited
regions of reandom coil ifnterspaced between the seynments; and
.
(c) the deformed helix model developed by Kao and Foster
(1%963b), which describes the polymer in aqueocus solution as
conulglin.'ot relatively stift, worm-like coils with an
essentially impertect or deforaed helical backbone structure
stabilized by intramolecular hydrogen bondee.

Maywald et ale (1968), on the pasis of the observation
tr.at a progressive increase in temperature ‘12 not
accompanled by an lncrease in viscosity, favored the concept
of an essentially non-helical molecu robably randomly
tangled and twisted by tWe bond angle the a-1,4
slucosiaic linkage, a;'nd not".ubJoct to expansion by heat
treatmente, Verjfication of this concept came from Banks
and Greenwood (1965a,b)y, who, from hydrodynsmic studies of
anyio.o in neutral aud alkaline agueous solvents, presented
evidence for the absence of rigid helical segaents in the
amyloee molecule in agueous solution. They aleo suggested
that the helices, if present in asylose, are not compact in
nature, as suggested by the interrupted helix and de formed

helix models. This indicates that the helical character of
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amylose in solution ie not a consequence of intramolecular
hydrogen bonding, but, rather, ies attributable to the a-1,4
linkages.

Un the other hand, evidence is avallable concerning the
existence ot helices in amylose in solution. The moat
subatantial proot came from the viscosity study of Qllel..

¢
by kao and Foster (1863b) in which there was a drop in the
intrinsic viscoslty of a neutral agqueous solution of amylowe
at pH 12, fuollowed by a subsequent increase -- behavior
which the authore ascribed to helix-ccil transtormation.
Supporting evidence of this concept was given by Erlander
(1868), Erilander and Oriffin (1867), and Erlsnder and
Purvinas (1968).

The finding of Casu et al. (19866), using nuclear
magnetic resonance sgpgectroscopy, that intramaolecular
hydrogqen bonds exist between the hydroxyls at C, and (%3 ot
cont*uuous s lucose unite in amylose in él-othylsultoxide
lolutlop -=- evidence supporting a helical structure for
amylose in this solution -- was nevertheless considered
inadequate as support for the helicead model (Banks and
Greenwood, 1873).

In an attempt to reconcile the discrepancies reported
by previous authors, Senlor and Hamori (1873) proposed an
extended-helix xodel characterized by loose, extended
helical regions interrupted by short random coil regionse.

Contraction of the loose helical regions of the polymer

structure would explain the intrinsic viscosity decrease
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(representing a conformation change of the sacrosolecule)
observed upon cosplexation with godlno. The sodel would
’l-o be compatible with the reported prdnouncod decrease in
the intrinsic viecosity of aqueous amylose solutions around
pH 12 (Erlander et al., 1968} Reao and Foster, lVb6JD)e The
decrease would be due to the breakdown of the loose helical
regions of the molecule caused Dby oloctrtrtqttc repulsion
arising from dissoclated hydroxyl groups ;;\ch dlucoae
unitee. The kinetic study of Thompeon and Hasmorli (18971 ) 1=
also in excellent .;roo-ont with such a model. Thelir
observation that addition of {fodine to already formed
jodine—aaylose complex resulte in fresh nucleation and rapid
erowth of newly complexed regions, rather than in growth of
the existing pclyivdine chains, weas interpreted as a valld
indication of the presence of alternating sections ot
regions suitable (loose helix) and not suitable (random coal
sections) for rapid complexation reactlons.

The controversial nature of the entire esubjyect iws
obviouse The extensive review by Banks and Greenwood (1975)
is highly recossended for further details on this lssue.

(iv) Bctro!radntlon

ketrogradation, a phenomenon characterizea by the
)

association of starch molecules into organized insoluble
aggregates, is most commonly associated with the amy lose
component of starch (Foster, 1565). This phenomenon was

discussed in substantial detail by Foster (1865) and Collins
o
N

(1963). Foster pointed out that retrograded starch and °



retrograded amylose are both microcrystaliine in nature, and
that they ktoth give rise to the characteristic d=type X-ray
dittraction patterus Although a cosplete elucidation of thLe
p}oco.. of retrogradation is not easlily achleved, owing to
ite complex nature, it lLe believed to "involve Lnteraction
between nelghboring molecules, mutual aliynment, expulsion .
ot water, and toradtion of nev intermclecular forces"
(Foster, lyod), which are moset likely hydrogen bonus
(Collines, 1968).

The process, as pointed out by Foster, is subject to
the influence cf a number of factorey of which the molecular
welght of amylose is of the .éonto-t importance. Hign
molecular weights have been shown to be accompanied by a
decreased rate of retrogradation (Lansky et al.,, 1Y49)., The
rate of retrogradation also varies with different origine ot
starch ( Loewus and Brigge, 1957). Also, slower
retrogradation at pH 4 than at pH 6.5 desonstrates the
protound influence 02 pH (Paschall and Foster, 1952).

Loewus and Briggs (1957) t%llovcd the retrogradation of
amylose in dilute solution by measuring the change in the
IBC of amylose. They observed that the retrogradation
pr;c.n- consists ot an inltjal lag phase, foliowed by a
phase during which the rate accelerates rapidly in an
autocatalytic sanner until complete retrogradation 1s
attained. In addition, they reported the eftfects of salts
and nzzltlvc. on the rate of retrogradation, and concluded

that salts of aonovalent anions and cations retard



retrogradation, with Lodide and potagaius betn, the avust
etfective uf the anions and cations, respectively. Cationd
0! high valency, however, were found to eccelerate the
retrogradation proceess. The authors aleo notea an
acceleration of the grocess at lover tesperatures.

Leach (19068) regorted that, in additlon tuv the
concentratlion end the chair length (-otocu{ar welgnht) of
amylose, another lmportant fac tor which could markedly
influence retrogradation was the estate of dispersion vt the
amylose chains. ¥urthersore, there wvas an inhiblition of
}otrourcdctlon when substituent groups were introduced Iinto
starch molecules. These groups manifested their effects by
preventing parallel aligneent and association of the starch
chainse Due to insoluble complex formation with any losa,
prevention ot retrogradation in starch~based foods can also
be achieved through the use of o-uf.lfler- (Kroge 1973).

(b) Asylofgectin

(i) Fine structure

Amy lopectin has not been extensively investigated.
Amylopectins are highly polymeric, differing structurally
from amylose in the extent of branching.

Three classical models proposed for asylopectin
structure were discussed in a review by Banks and Gresnwvood
(1975), and, more recently, by Greenwood (1976). They are:
(a) the laminated structure of Haworth et al. (1837); (b))
the herringbone structure, advanced by Staudinger and

Husemann (1837); end (c) the randomly-branched structure ot



-

Meyer ana Rernfely (1040).

Ihe asmylogectin etructure can bhe considered to consiet
Of & nuaber of! different ‘tndo of chalns deslgnated A=y H-,
and C-chaine (FPeat ot al., 1982n), with A-chaine
repyresenting thoee lu which the 8lucose residues are linked
ouly through a-1,4 tinkagea; B-chains with sVbatituents at
the Ce-hydroxyls; and the single C~-chaln carrying the only
reaucing end group in the molecule. The three models can be
visualized as structures with a ratio of A- to HYechains
close to zero, infinity, and one,y respectively,

A revision of the Meyer model was suggested by
Gunja-3uith et als (1970). The revised structure, while
still maintaining an Aid-cheain ratio of unity, differs froa
Meyer's model in that only half of the B-chaina bear
substituent A-chains, while half have thelr nonreducing
Chain ends inside the molecule instead of at the gsurtface.
Marshaell and Whelan (1874) later revised the xodel in
relation to amylorectin structure, and suggested amn
AlB~chain ratio of 2:1, thereby indicating that each d=chain
carries, on the averaje, three seubstituent chainsy, which may
be A- or B-chains. Dlagramnmatic representations of all thne
above models are provided in Flgure 6.

A recent contribution to the knowledge of the fine
Sstructure of asylopectin was that by Robin et al. (1874),
wvho, based on a study on Lintnerized potato starch, proposed
4 potato amylogectin structure consisting of alternating

compact cryastalline areas of chain clusters with a DP of 15,



Figure 6.

Diagrammatic representations of various proposed models for
amylopectin structure: (a) laminated structure (Haworth et
al., 1937); (b) herringbone structure (Staudinger and
Husemann, 1937); (c) randomly branched structure (Meyer
and Bernfeld, 1940); (d) revised Meyer-Bernfeld model
(Gunja-Smith et al., 1970); (e) another revised Meyer-
Bernfeld model (Marshall and Whelan, 1974).

--- represents chain of a-1,4 linkages; + : a-1,6 1{nkages;
¢ @ reducing end-group. A-, B-, and C-chains are as defined
by Peat et al. (1952b§
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and lews compact intercrystalline arase rich in w-1,6

linkagou. lu1t?! structural echese for asylecpoctin pruvides
*

coutlr..tion (if the aluster model proposed by French

(1872).

Mo conclusive evidence, huwever, has yet been presented
with regyard to the atructural charac teristices of
amyloupec tin. ﬁovortholoo.. heterogeniety Iin branching
denslity withio asylopectin has been shown (koherts and
Yhelan, luol).

(11) Jtner characteristice

No general consensus exlsts on the order of magni tude
of the aeaolecular wveight of amylopectin. A velue of Jo x 10¢®
wes reported by VWitnauer et al., (1955), ueing the Lignt
scattering sethod, whereas Greensvod (1960), employinyg the
same technique, obtelned a molecular weight of SU x 107
which was cleimed to ve more representative of native
amylopectine.

Uf all the characteristice of amylogectin, its average
unit chain length and B-amylolysis limit are considered to
be the mcst isportant (Greenwood, 1970). A typical sample
of amylopectia from potato starch was found to possess the
following properties: averaye length of unit chain, 24
glucose unite; B-amylolysis lisit, 56%; limlting viscosity
number, n , in 1 M KOH, 160 el/g; and a P content of 0.04%
(Greenwood and Thosgson, 1862),

Yhile no pronocunced change in the P content, the

B-~amylolysls liaeit, and chain lergth of asylopectin can be
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doetoected througheut the grewth peried o!l'ho potatu, o
A\

elgnificant increase i(a (te solecular éﬁ{.h! s apparent
with an Increase In starch maturity (UVeddes ot al., V08,
The average length of unit ohein has been reperted to depend
largely on the botanicael .pocl’.. reather then the variety
from whjich the starch wvas obdbtained (UOreenvood, ¥be).

P Io potato starch, found eeainly assocleted with the
aaylogectin coaponent, hae received censidersble attention
owing to ilte influence on starch propertiece. As Posternan
(1981 ) indicated, P occure in the form of orthophospha te
eaterified with the Ce~hydroxyl group of the g4lucouse
residues. K

The esteritied lonic ghosphate groups lspeart a
Polyelectrolyte character to amylopectin, thus intfluencing

NN
ite hydrodynaaic behavior in solutien. Greenwood (1860)
showed that salt concentration sigalticantly influences the
viscosity of amylogectin eolutions. The volume o0t the
solecule was found to be larger in water than 1; salt
solutions. Greenvood attributed this to screening of thLe
ionic phosphate groug of the anionic sites, anad contracting
of the msolecule. The profound influence of phosphate groups
on the behavior of asylopectine In solution was verified by
Maywald et al, (1968).

Neutral aquecus solutions ot asylopectin are very
stable ( Foster, 180S), but degradation of the molecule will

take place in aclidic or alkaline media (Lansky et al.,

1949 M4 Unlike aaylose, amylopectin does not retrograde



readily, alvttough 41 88y 4o g0 ot lev teaperatures ({ Nanke o
aley M4, ’

Aay lepectin ealinite relatively leon B unuer nersel
conditione ef gotuntliemetric titration. The presence uf o
large nusber of dreach peinte el thian the secremelocular
Structure 1o thought to be the cause (Creenvoca, 1¥70).
Mowever, the esternal brenches sre believed to bind ledine

in o .c‘nor elsllar to shertechain eyl ege solecules

(Foeter, luwes).
Je !votltn.. golatinigsetion, and pesting charesctorietice

et etarch

Various easpects of this subject were reviewed in detail

by Leach (1¥0S).

Native estarch ile Llasoludble ia celd va ter beceause of the
molequiar arrangement within the grain., Instead, reversible
evelling occures, the process being alded by the ®a8y acceoss
of water to the micellar network of the .raln: The sater
sorption cagecity ot etarch under such conditione i
liasited; the extent of avelling being largely 4overned Dy
such characteristice aes msolecular velght, degree of
branching, the length of the outer branches in eaylopectn,
and the relative proportion of asylose to asylopectin -~ 4t
of which play a role in de teraining the strength and
character of the micellar network eithin the etarch ¢rct.‘.ﬁ

Meating ot an aqueous Suspension of starch graine
brings about an injitial stage of ;!b‘r.lblo svelling during

which the sppeerance of the &raine 1® retalned. Howvever,



vhen the golatinigsation ‘omporeture o Sopreachow, there i
lreeversitale tangentijal ovelling ot tne ereine, ane luse u¢
birefringeance ten Indivation of the hreaddevn oy era ian
veyetaliinieg ),

The Lrreversible svelling precose alee reauleg o the
svliubilication of s tareh sulocrulen, which orp partially
leached srve tne svelion grain, Baemination ot tne evelliing
end scludilisetion patteorne of varleus starch apoc;ea low
Leach ot al, t1vBy¥) to pestulate tee asets of bunding fercee
vithin the grain of coreal starchees, andg ONne et ol furcoeg
in tuder 8tarches ouch ae Potato, Iin which there (g a repla
single-ataye svellijing at relatively low tesjeorature,

]
indicating weas uu altorae Ltaternal a88qQciative tercoe

slthin the graian presence of jonigedle o torifioa

shosplate groupm t® ®tearch has bdeen hela partiy

fange, vwing to the fact that, for a given etarch grein
population of the sase @pec loews ana cultivar, te efelines do
8ct Lelatinise .l.ultonoou.ly. The v.tlollo- in gresn siae,
architecture, ang Composel tion, ag -oll/co cohes lve forceas
oithin thne starch grain hae been Sspheeized b)) sanhs ana
Ureeawooa (187S),

The solatinizatien temperature renge 1@ pProfouadly
influenced by tne Source of the starch, end, with po'.to.

etarch, var,etal difgerencee say alse be leportant ( leach,

1wes). The wolatinization temperature Ffange sreporteo tor



pPotato starch is 56-669C,

External influences which affect the delatinization
temperature are pH, and the presence of certain salts ana
cospoundase. A marked change in gelatinization temperature is
Oobserved when the pH values are outside the range of 5-~7
(Leach, 1%65). The repression of gelatinization can be
readily achieved by the additlion of sodiunm sulfate, whereas
sodium nitrate or urea bring about an increase in grain
svelling, cr lowered gelatinization tonéeraturc. There s
also a Lovo;lna 0f the gelatinization temperature a a
result o1 esterification or etherification ot -t‘r:;. the
extent of the effect being dictated by the degree of
substitution and the na;ure of the substituent group.

The effect 0ot metal cations (Cay Cuy Al) ©n the
svek}1n¢ and gelatinization behavior of wheat starch has
also been investigated (Goggh and Pybus, 1973). Eda
albumen, gclaj:n, methyl cellulose and carboxymethyl
cellulose, due to their ability to coampete for moisture,
have been stown to affect starch delatinization (Wateon ana

Johnson, 1363). Furthermore, lower grain size and higher

'anylose content both tend to increase gelatinization

temperature (Banks and Greenwood, l?SQ)t

The akbility of starch graine to undergo swolgAdj and
gelatinization, with subsequent develorsent of pas;o
viscosity, is of practical and technological signiricancee.
These properties of the grains are dlroqjly doterrelated

(Leach, 1965). Control of rhcologlc.li;ropcrtlol of gstarch
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pastes ls readily accomplished by alteration of the
orgeanizational forces within the grain as a result ot change
in the swelling and gelatinization behavior of the starch
(Greenwood, 1870). This has led to the development of
starches, moditied to varying degrees, which have found
sreat commercial application. Introduction of substituents"
into starch (4iving etherified or esterified starches)
causes a wveakening of associative forces within the &rain,
thus increasing swelling and lovering gelatinization
temjoerature, and yielding a paste of improved uniformity
(Greenwood, 1970). Cross—-linked -Jchhc-. on the other
handy with reinforced assoclative forces within the
structurey exhibit marked reduction in grain swelling and
solupilization, with a consequent decrease in viscosity.

Use of croes-linked starches is desirable if viscosity
breakdown ia to te avolided during cooking (Leach, 1865), or
1f 4grains with enrhancaed shear resistance are required

( Radley, 1576).

Starch swelling and solubilization are also profoundly
a?fected by surfactants and fatty adjunctse. Gray and Schoch
(1862) tound that golar surtfactante, such as higher fatty
acids and monoglycerides, restrict the swelling and
solubiliZation ot corn, potato and waxy sorghum starches
owing to the ability of the surfactants to form inclusion
complexes with azylose. Therefore, surtfactants are widely

used in production of dehydrated potato flakes and dranules.



I1l1e EXPEMIMENTIAL
fotatoes

Raw potatoes used were éultlvnr Ne tted Gem ( Kusset
Burbank) groen in Southern (Vauxhall), Central (Winterburn),
and Northern (Peacs kiver) Alberta, with specific gravities
of 1.050~-1.,110. TtLe pot.tooi. obtained soon atter harvesat,
were stored at 49C., Iho/tubor- were rocﬁndltionod at room
temperature for 10 days prior to use. Tuters used for the
starch grain size digtribution study were from the 1877
harvest year, whiie all others were from 1£78.

Chemicals

Amyloglucosidase and bacterial amylase, with activities
of 150 and 140 ankydroglucose units per ml, respectively,
were obtained from Van Waters §© Roger; Ltdey lachine, Cu&.
The Glucostat ;ongcnt set was from %orthington Diagnostics,
Freehold, NJ. Stanaard glucose solutions containing 10 mg
alucose per al in 0.1% (w/v) benzolc acid were ob;alned from
Sigma Chemical Cosy Ste Louis, MO. Buffered foramalin
phosphate solution (10%; pH 6.9-7.1 at 25°C) wes frosx Fisher
Scientific Cosy Fair Lawn, NJ. Glutar.tdehyde (10%),
propylene oxldcz.lcad citrate, and uranyl acetate -- all of
EM grade ~~- were trq- Polysclences, Ince., %arrington, PA.
Aqueous O;O. (4‘; EM grade), araldite resin 502, LDSA
( dodecenyl succinic Anhydrldo), and DMP-30

(dtnﬁ“gitninoﬁ.tbylphonol) were supplied by Stevens

uot.llﬁ}aical. New York, NY. All the other chemicals used

.
‘|

in this study were of reagent grade, and were supplied by
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Fisher scientitic Co. : ' ‘
Equipmen t

Mineral composi tion was analyzed with an atomic
absorption spectroghotometer, Model 153 (Instrumentation
Laboratory, Ilnce., Lexington, MNA). '

Centrlifuges used were: Sorvall SS-1 Superspeed Angygle
Centrituge (lvan Scorvall Coey Incey Norwalk, CT),
International Centrifuge, Size 2 (International Equipment
Cody bo-ton. ~ Beckman Model J21B Refrigersted
Contrltugc (Bo inn J!n-tr. Ince, Palo Alto, CA).

Colorimetric measurements were made with ac°*Unicam SP
1500 Spgectrophotometer ( Pye Unicam Ltd., Cambridge, UK), or
a Bbeckman [EG (Beckman Instre., Ince.).

Tissue sectlions were prepared by a Faust hand microtoae
(Scientitic Sugply, Madison, VI), and examined with un“""
Olympus Model EHA microscope equipped with a camera (Olympus
Optical Cosy Ltde,y, Tokyo, Ja%an).

The sifter eaployed in particle size analysis was a
Model L3P Sonlc Siftter equipped with stainless steel sieves,
with sieve openings of 106 um (140 wmesh), 74 pm (200 wmesh),
53 um (270 mestr), and 38 um (400 mesh), supplied bJ’
Allen-Bradley Cosy Milwaukee, Wi, Sieves were cleaned in a
Bransonic Ultrasonic Cleaner (Branson Ultrasonics Corpe«,
Scarboroughy, Cnte)e

Potentiometric titrations were carried out using a
Fisher 320 Accumet expanded scale pH Meter eguipped with a

saturated calomel porous ceramic junction electrode, a
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platinuas wire electrode with a large surface aresa, and a
stirring device fitted ult.lo glass propeller-type blade
(Fisher Sclentific Coey Ltde, Fedr Lawn, NJ).

The starch melting point epparatus was from Ernst
Leitz, Wetzlar, ¥. Germany.

Freeze dryers ukod were: RePP Freeze Dryer,
manufactured by Virtis Cosy Incey Gardiner, NY; and, for ScM
‘work, an Edgvards-FPearse Tissue Dryer from Edwards High
Vacuua Mfgey) Crawley, Sussex, UK«

The wide-line nuclear magnetic resonance analyzer was &
Newport Mk II Quantity Analyzer Qﬁnuf;cturcd by Newpcert
Instruments Ltde, Newport Pagnell, UK. >

The electron mlcroscopes used were: 'Storeoscan: 150
scanning electron mlcroscope (Ca-bﬁ!dgo Instrunents Ltde,
Cambridye, Uh), &na & Phillips EM-200 transmission electron
microscope (Phill.. Electronics Ltd., Oslo, Holland ).
Sections for TEJd ;tudy were cut using a Sorvall type NT2-d

Porter—Blua ultr‘klcrotone (Ivan Sorvall, Ince, Norwa lk,
" N

~

CT)e
. .
Other equipsent used: Serological Bath and Forced Draft
Isoteap Cven, both from Fikher Scientlfic Coey L tde,
Precision Scientiftic quouptrol Water Bath (Precision
Scilentific, Chiceao, IL); Caframo Type RZR1-64 Stirrer

(Cafremo Ltde, Wiarton, Ont. ); and a vacuum oven frox

National Appliance Co.y Skokie, ILo.



Me thods
Ae Tuter clharacteristics

1. Size

The tubers frea sach location were -a-h;d and

alr-dried. They were then graded &ccording to sise and

Separated into the tfollowing three grouge:

Welght (g) Lon‘th (cm) Diaseter (cm)

110-1658 7-10 4-5
loy-224 10-12 5-7
425-336 12-15 7-8

2+ Specitic gravity

Ihe specitic &ravity of each tuber, measured by jitg
apparent loss of weight when Subseryed in wa ter at 220C, yag
calculated ag follows:

vt in ailr (g)

»
SPe 8L e E - =
v "t in air (g) - wt in water (g)

Je Sample Preparation for mineral composi tion and s tarch

content deterzinations

Peeled potatoes vere treated with | % NalSO3 for 2 min,
and cut into slices of 1 cm thickness. The slices, rlaced
Oon stainless steel trays, vere frozen overnight in anp
air-blast treezer at -209c, They were then freeze dried for
249 hr at <100 N By pressure and 859C shelt? teaperature. The
dried tuber tissue samples were dround in a mortar and
pestle to pase a 6U mesh sieve, and then stored in airtight

Containers until analysis.



4. Mineral cosposition

Ground, freeze~dried tuber tissue or atarch samjles of
2.5 4 were charred at 2009C for 30 miny, then ashed at $009¢
for 2 hre. Each saasple was then cooled, wetted with a few
drops ot HNO3, and ashed for 1 hre The ro-fauo waus cooled
.in & cesiccator, and vejghed to determine total ash content.
For sineral cosposi tion determination, the residue was
solubilized in 6 s HCLl with gentle boiling ftor JO mine.
Analyses for Na, &, Ca, and Mg were performed in the
presence of lacthanus chloride using atomic absorption
spectrophotome try (AAS ). P was de termined colorimetrically
at 530 nm as the heteropolymolybdo blue complex.

5S¢ Starch content

i

1ne procedure used®’ is as described by Banks et al.
(1870).

About 2020.05 mg of ground, freeze~dried tuber tissue
were placed in a 11U =l centri fuge tube. Particles adhering
to the side were washed down with J ml of 95% ethanol. The
solution was then centrifuged at 14,000 x g tor 15 min. The
sediment was extracted J times at 609C with S al of 0%
ethanol (after each extraction the mixture was centriiuged
at 14,000 x g tor 15 ain, and the supernatant di scarded).

CaClz solution ( pH 20; Spe gre 1303 approximately
50%), 1L mly, was then added t: the residue with stirringe A
few boiling chips were nddoﬁ. along wlith 2 drops of octyl

alcohol. The solution wee boiled for 15 min in an oil bath

at 130-1359C, then cooled @ rooms temperature.
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)

kor enaymic digestion of starchy 2 sl of 0.05 M kOH and
4 al of 0,1 N acetate hutter, pH 4.8, ®were added to the tube
with maixinge. Amyloglucoasidase solution, 0.5 =l (equivalent
to 7 unite of activity), and 0.1 ml a~-amylane solution (2§
unite of activity) were then added with gentle satirring.
Incubation was carried out for 3 hr at 47-489C, Then the
contents ot the tube vere tranaferred to a 500 al volumetric
flask and made Up to volume with water., The solution was
filtered through Whatmen No. 1 paper, and a 20 al fraction
vas collected for glucose analysis after discerding the
firet 30 m)! of tre filtrate. ,

Guantitative ®uzyaic detereination was done using the
Glucostat heayent Set. Absorbance readings were taken at
425 nm.

6¢ TuLker cell aize distribution

Each tuber was cut along the longitudinal axis, and J
tissue blocks, representing the cortical, Perimedullary, and
pith zounes, uoy: then removed from the aiddle f1fth of the
tuber. These blocks were breserved in 10% buftered formalin
Phosphate solution until examination. For sectioning, each
block was trimsed to fit a hand microtome. Througnout the
sectioni ng Process, water was spread on the sgecimen block
face and the rezor blade wvith the aid of a camel hair brusn.
ebout 10-15 sections of about 200 Pm thickness from each
tissue zone were then transferred onto a microscope slide,

The sections were suspended in formalin solution, the

solution being replenished porlodlc“'; during examsination
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under a light sicroscope.

Photographtc imayes of at least 10 ditferent fields of
view were recorded at 850x magnification. Coell measuresents
were carried out un enlaryed photosicrograpts (150x
sesgnificatiaon). At Least 4 diametric mseasuresents were made

for each vell, and the everage diameter de tersinede. lhe

!

surface ares and volumetric slze were calculated assuming

the cell to be spherical in ehape.

Three replicates of J tubers for each location-tuber
size category were done for starch grain sasgles intended
for sicze distribution study.

The tuters were washed, grated, and trensterred to a
Waring blendor. About JO00 ml ice-cold 1% ammonium oxalate
solution, containing 1,000 ppm NaHSO; and 1 ml of octanol,
were then added. Ibe tubers were homogenized at slow speed .
to a uniforme consistency. The homogenate wae tiltered
througnh a 107 mesh silk cloth sieve. The cellulosic residue
on the sieve was reyround {in the presence of ammonius
oxalate soluticn, and filtered. The grindlng process was
repeated until tre tissue vas well disintegrated, The
residual pulp material was then washed with water and the
filtrates combined.

Starch from the combined filtrates was obtained by
centrifugation at 700 x g tor 10 mine. The supernatant and
protein layered on the starch sedisent were resmoved by

dentle suction. Further purification of the starch was



achleveu by repeated suspensione in wvater, centrifugstion,
and rewsoval ¢ Contealnating protein.

The purified product vas washed with Ys9% ethanol, and
sediaented as before. The sediment was susgFended in dietnyl
other and filtered. Ihe starch vwas washed wlith acetune,
eir-dried, ana stored in alrtight containers.

Starch sasples to be used (in the study ot starch
properties were pPrepared from a total of 12 tubers for each
tuber category, In addl tion, organic eolvents were ositted
from the isclatian procedure.

8. Starch g4rain mize distribution within FOotato tuber

The sonjic sitter was operated at: pulse amplitude, 5;
sitt amplituce, 5-7; tise indicator, 30 min.

Approximately S 4 sample were placed on a welgyhed 100
ME Sleve. Atter sieving, a small representative sanple was
removed frow tlrte sieve for exawminstion under a light
microscope. The process was repeated until thorough sifting
was achieved, as indicated by the absence cf smaller
pParticlese. Finally, the sieve contalning the samgle was
weighede

Particles which Q.y have adhered to the aides of the
Spacers were brushed Into the rfines collector, the contents
O0f which were then emptied onto a finer sieve (74 pm ), ana
sitted. IThis grocedure was repeated with the S3 and J§ Mm
sieves. The eftectiveness of the sifter in the separation
of a starch sasple into various fractions is evident in

Figures 7a, b, and c.



'FTQure ". Scanning electron micrographs of size-graded starch grain

fractions.
a. 53-74 um
b. 38-53 um

. <38 pm
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be Proce 0 (19 of ¢
ta) ench fr reparatio .

tor each of J prooo;.ln. rune, J tubers of each
location=tuber size category vere wesheo and hend peeled.
The tubers were then treated in 1,000 ppm NalliLy for b aln,
after which they wmere cut into strlpe (cro-o-“nqtlon.l area?l "
1 x 1 cm)e The strips sere heated in a water bath .0‘70.0
for 8 aln, cooled in cold water for S min, and then 5§,nch'.rﬂ
at 709C for en additional 8 ain. They were then drained g .
excesa water before bhelng fried in vegetable oil (tCrisco) at
1809C for 4 mine 1he surface oil wes dralned froa tte
French fries, shich were cooled, placed on stainless steel
trays, frcaen evernignt at ~209C in an air-blast freeser,
and freeze-dried for )6 hr at <100 p My pressure, and 259
shelt temperature.

Ine dried product vas placed in airtight brown bottles
prior to being ground with @ mortesr and pestle. In crde
reduce the soisture cHI>ntent to less than 4.5% (since higbhe
moisture content would interfere with subsequent wide-line
nuclear magnetic resonance seasurements), the ground saaples
were dried in the freeze-dryer for 24 hr at <100 p Hg
pressure and 409C shelf temperasture. The saaples were
stored in secaled containers at 49C. Approxisately 6 4 of
each sample were removed for dup licate moisture

determinations by heating at 1059C tor 6 hr.



(b) 9pl yptene deteorgination

Thie vas gerfocrued en the Newpert Nuclesr udagnetic
Mesonance Aneslyaser u;ln. the follewing eperating condil tions!
H.P. lovel, 300 pA} AP, gain, 130} iIntegration sede, elngle
shot per JJ sec.i sutusatic lose control, loe lose; end
supplementary soduletion sede, on. *'

AllL seasples vere alloved to wvare up to 229 bpefore
enalysis. 1he asounte of the calibration standard ((rieco
oil) and the sasple wvere 28 .‘knd 12.8 g, respectively.
Duplicates @2 each sasple were scanned J times to impruve
precision. 1he percentage of oil in the sasgle was

4
estimated from the retio o2 Lts signal to the signal of the

standard oll on a per g welight bDasie.

B. Starcty characteriastice

1. Amyluse/enylopectin ratio

The technique employed was that of Schoch ( 19c4a).
The reagents used were: a etock lodine solution
containing kI ano XCl 1ln comgentrations of 0.5 Ny¢ with

approxisately 2 my of Lodine per al; ana c_!ronhlnﬁro““
- -

e .
1U-fold dlluteo Aoaine solution of the stogk ror, agtyal® :\ z
.. . B ¥ .

titrationse. “oor T e .:q* )
3 -
eA (' ( 2 d
An EMF calibration curve (ll.uro‘{l sor thLe standerd’ . s
“ 4

‘S
fiodine solutiorx -‘i~prop.rod 'Y ) tollo-..-‘-‘oluttOh ot J’G

N b4

sy KCl and 830 mg &I in 100 al water in e S0 ml ‘beakegr was’

titrated 711:~T::T:i;‘¢13:lon. with gentle hcqtctl'
[ 3

.
stirringe. TIhe icdine lolu::;;"\n. sdded ﬁn ute

quantities, end the ENF reading vweas "°°'1bf£‘ ter eech such
1 4.
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L)

addition, allowing at least 2 min for equilitratione.

For the titration otf starch, about 10020.01 wug were
-u-popdod in 1 sl 0of water in a provoiahod 250 al peakere.
KOH solution (10 N)y 5 ml, was then added, engd the saaple
was jJround with a glass rod to assist dispersione. The
mixture wes left at 49C for 30 min, with occasional
stirringe Complete dissolution was accomplished by gsentle
heating to; 15 mingy utfter first neutralizing the eample with
O¢8 N HCl and adding 25 sl water. After cooling to room
tenp;r.ture. 10 mt of 0eS5S N KI were addede. 1he mixture was
then neutralized to nothyl orange with (0.5 N"BCL. The totali
weight of water present was adjusted to 100.9 4y, which
corresponded to 100 al at 309C. Titration wease carrlied out
as described earlier. A typical starch titretion curve is
shown in Flgure 9.

From the calibration and sample titration curves,
values 0of the asocuntes of bound icdine were oktained ftor
10-15 EdF readingse. IBC was deterwmined by extrapolation ot
the upper slcre back to the vertical axis (Figure 10). The
amylose content ot-tho -tgrch sample was colculated using a
value ot 19.62 for the IBC of amylose from potato, Cve.

Naetted Gem, as determined by Johnston et al. (1968).

2., Svwelling power and solubility

The procedure used was as outlined by Schoch (1864b),
with slight modifications.
Approxisately 0.5 g of starch was gquantitatively

transferred to a 250 ml preweighed centrifuge bottle.
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Sutficlient water wes added to bring the fot.l water content
to 180 4o The conton:- were suspended at 200 rym vith a
stainless steel paddle, and the bottle vas lowered into a
water bathe Triplicate runs were conducted at 5§85, 60, 65,
, .

70, 75, and 859C. At the end of 30 min, the stirring motor
was stopped and the bottle removed. The stirring paddle,
efter rinsing with a small guantity of water, was roao:.d
from the bottle, which was then wiged dry on the outside.
Enough distilled water was edded to bring the amount of
water in the bottlie to 200 g4« The contents were mixed, Ehon
centrifuyed at 700 x ¢ for 1S ain.

The supernatant vas c.rofully suctioned o1f to within
Oed cm of the sediment. The solubles in the supernatant
were determined by evaporating duplicate 50 ml aliquots on a
steam path prior ;o final drying at 1089¢. The remainder ot
the -up;rn‘tant was removed and discarded. ‘

The swelling power (SP) of the starch greains, expressed
as the veight of sedimented paste por grem of starch (dry
basis), after correcting for the soluble starch, is
calculated as fcllows:

wt of sedimented paste, g x 100

SP = -
wt of sample, @ x (100-% solubles, dry baais)

Je Mineral composition

7

The ash content of staych samples was determined as

described esaurlier for tr:oz‘rdrlcd and ground whole tuber

L

s

tissue.

Preparaticn of samples for mineral composi tion
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g
determination involved two methods: wet ashing with HClO,,

and the ion-exchange asethod developed by Winkler (1860).
For the former, Na, Kk, Ca, and Mg were analyzed by AAsS,
while P U.-.dotornlnod colorimetrically at 83U nm as the
heteropolymolytdo blue cosplex.

With the ion-exchange sethod, 5 g starch on a sintered
}la-- funnel were washed thoroughly with 0.1 N HCL, follovwed \\
by water, and the filtrate collected for cation .nnly.l-{by
AASs The starch residue was slurried with S al 0.02 N NaOH,
then more NaOH was sdded by buret until the indicator (2
drops of brosothysol blue) changed color froa rale yellow to
uropn-blu‘. Vater was then added, along with an amount of
O;Oi.N NaOH 3 ml greater than that already consumed. Ihis
%outrcllzud the secondary and tertiary H's of the starch
Fhosphoric acid groups. The excess alkali was washed out
with water from the starch with filtration, and titrated
with U.02 N HCl using phenolphthalein as indicator. The
Starch P content was calculated by the equation:

P, mg% = mly o x 0.30974 mg P «x 100g

"nNaOH Wt. of starch (dry basis), g .

4. Gelatinlaation temperature

Starch greain samples, size-graded (74-106, 53-74;
J§-53, 20-38, and <.0 pm), were studied under a plane
polarized light microscope at a magnification of 100x. A
small amount of sample in a drop of water was spotted on a
&lass slide. This was covered with a cover slip, the edges

0f which were sealed with heavy mineral oil to sinimize



acvesent of grains during heatinge The rate ot temperature
increase was 2 C° per ain. Hecordings were msaace of the
temperatures corresponding to the loss of bidefr lpgence of
the first ano the last graln in the chosen field ot viev.
Determinations were amade Iin triplicatee.

S SEM study of the gelatinization procesgy

Preparation of samples was adapted from the method
developed kty HilLl and Dronzek (1873). A atarch suspension
(S 4 starch in 200 ul water) was gently stirred while being
heated at a rate 0t approximately 2 C% per min.

Aliquaots of 2V sl were withdrawn at 2 C2 jntervals in
the range of 56-709C, transferred to 50 ml centrifuye tubes,
and cooled 1in an ice bath prior to centritugation at 35,000 x
&« for 15 min at 49¢, The supernatant was discarded, the
starch sediment washed with distilled water, and the
centrifugatiocn repeated.,

Samples of satarch sediments were transferred to liquid
Freon—-12 cooled wnith liquld nitrogen. The frozen samples
were ‘then oried overnight in brase boats in a freeze drier
at ~-809%%.

The samiples were mounted on circular aluminua stubs
with double—~sided adhesive tape, and shadowed with 20 nm of

aold. Examinationa were performed at an accelerating

potential of 10 V.
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6+ Traussission electron @icroscepy eatudy ot starch Jjg
addi

Raw, andg steem-cooked fotato tissues from the cortex

region ot the tuber were examinede. The tissue vas cut into
cubes of 1 am, fixed in 3 % Phosphate buffered
¢®r.ldohydc solution (pH 7.0) for 6 hr at 49C, and washed
Jd times wath Ol M shosphats buffer, pi 7.0 The first two
veshinus were tor 16 win, end the last tor 30 min. 1The
samples were post-fixed in 2% Oe0, in phosphate buffer for 6
hr at 49C, rinsed J times with buffer (30 zin each time),
end dehydrated at 49C with 50, 70, 80, and 95% ethanol at J0
min intervalse This was followved by treatsent vwith asbsolute
ethanol overnight at 49C, and an additional treataent for 1
hr at 229C. All subsequent treatments were cufriod out at
229C. The samples were treated with a mixture of absolute
ethanol and propylene oxide (1:1 v/v) for 45 min beford
infiltration with J changes of propylene oxide at 435 min
intervals, with cccasional stirring. Treatment with a
mixture of propylene oxide and an araldite mixture
(consisting of DDSA, araldite resin 502, and DMP-JU in a
ratio ot 49:48:2 v/v/v) was cngtlfd out for 3 days, with
Periodic stirring to aid in the vaporization of the
propylene oxide. The samples were then transferred to flat
ailicone rubber molds, aligned, and embedded in earaldi te
mixturee. Ihe polyserization process lagpted 36 hr at 659C.
§ectione of about 600 na thickness wsere cut from these

hardened tL--uo&ock- with €8 ultrasicrotose equipped with
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These sectlond, sounted on 200 aesh copper

a glass unite.
yvinyl formal plamstic tila;

gride coated witk Forsvar (& pol

0.2% in ethylene cnlorl’.
st-stained with Oe

vere stained with 2% urany!

2% alkaline lead

acetate ftor 3 hr, and po
citrate solution for 4 mln prlor to examinstion in the
transmission elec tron mlcroscope operated at an accelerating

voltage of 60 KV o



IVe RESULTS AND DISCUSSIQN

The results obtained were statistically analy<ced usling

analyeis of variance and Duncan'e Multiple kange Test
(bowker end Liebersan, 1872). Table 4 shows the variables
investigyated, and their Sstatistical eilynificance in relation
to tuber weight and drowth location.

Eipeson and Paulus (1973) reported higher contents of
DN and starch in larger than in smaller tubers. However, in
the present study, the DN and starch contents of whole
tubers ( lable £) were found to be independent ot tuber
welight, Our tindings support the resulte of Ifenxwe et al.
(19Y74), which indicate that high DM content is not
noco-s:rily assocliated with large tubers. Le Tourneau
(196J) aleso ftound no correlation between the meiyht and
total solide (i.ee, D¥) of tubers.

The present dtudy shows that DM and starch contents are
significantly 1ntlu¢ncod‘(p=0.01) by the location of potato
drowth (Table 4). Tubers from Southern Alberta had higher
contents ot LM and starch than those from Central andg
Northern rculoqs. which showed similar levels. Ihese
findings are significant, since the contents of D .‘y‘ .
starch have been Foslitively correla ted aith the processing
quality of tubers (Harrios ot al., 196la; le Tourneau and
LZaehringer, 1565; Maclean et ale, 1966 S-tth. 1975a).
Utilizatiun of tubers of high DM content ﬁ’gd. thus, starch

™Y {4
content) usually provides assurance of a Mewirable finished

*
fried product cltaracterized by increased yielda, crispness,

67



Table 4. Summary of statfstical analyses,

e e e e e i e+ = e e e w m Tt e e - e . > .. . E e a—— .- e —— = = . e ——— - > - . e— ..~ -

Parameters Tuber wt. Location

Tuber characteristics: DM content NS S1
Starch content NS S1

Cell size S5 NS

Grain size distribution NS NS

011 uptake, DM basis NS Sl

Starch characteristics: IBC/amylose content NS S1
' Swelling power S5 S1

NS: not significant at p=0.05 or p=0.01
S5: significant at p=0.05
S1: significant at p=0.01



Table 5. Dry matter and starch contents of potato tubers. | 8

Locatfon in Tuber wt. Ory matter content. Starch content..
Alberta (9) (g) (%)
he T -
South 110-168 26.6410.70 76.06t1.16
169-224 25.76+1.10 75.92+2 .04
225-336 26.18:1.93 75.98+1.67
Central 110-168 20.83:2.24 70.27+1.08
169-224 21.04¢1.22 71.93+1.63
225-336 21.98+2.03 71.66+2.57
North 110-168 20.42+1 .26 71.45:0.36
169-224 20.47+1 .34 70.89:2 .95
225-336e 19.60+0.91 68.99:2 .86

* . .
Determined by heating 5 g sample at 55°¢C for 2 hr, then at 105 for
3 hr.

L 2 3
On a dry matter basis.

*.'In this and following tables the standard deviation values given

have been doubled.
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sealiness, laproved flavor, and low oil Uptake (Kirkpatrica
et al.y, 1986; Naclean et al.y, 18660).

The teatural Quality of potatoes ia aleso intluenceda by
starch (Reeve, 1872; Moff, 1872} Mohr, 1972; Linehan and
Nughes, 1960eyb,c ). The samount of eatarchy a@ founa by
Barrios et al., (1861a), 1@ slgniticantly related to
soaliness, L.0¢, the readiness of cell Sseparsation of cooked
Potato tissue under e shear force. Furthersore, starch, by
Competing with cell wall cosponente for tiosynthetic
précursore (Albersheinm, 1968), particularly calcium lons
(bretzlorye, 1870), may aftect intercellular adhesion and,
thus, teature.

Increaseo plant population (Bleaasdale and Thompeoun,
lb6v) ana decreagsed avil fertility (Schigpers, 19648) result
in tubers ot increased DM content. Herlihy and Carroll
(196Y) obeerved a reduced DM content in tubers grown with
high rates o0f N ana K applied, while p had the reverse
effect., Gray (1872) did not observe & significant eftftect ot
plant Jensity an DM content, a finding incopsistent with
that reported ty Bleasdale and Thompson (1969), The high uLas
content found jin Potatoes yrown in Southern Albort.. with a
closer plant Sspacing snd lower fertilizer treateent than
those from Central and Northern Alberta (Table J), sSupports
the results of Bleasdale and Thompson (19689) andg Schippers
(1968). ¥ith Southesn 8rown tubers, it ia obvious that the
depressing effect gf low P levels on Dy content is not g reat

enough to offeet the combined Positive effect of low N and &

L
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evidence that potato teature le related 40 the averdgye |~boah
coll msize (Narrios et aley, 190J)} Linehan et ele, lveu; Ge .;\‘.;,
1¥72; aughes et al., 1078). The cell siage, eMpressed “ne n.og
total surtece earea uf colla per unit tissue voiu-o. ::l
shown oy Linehan et ale (1b68) to significentl) correlete
with intercelluler adhesion:. The increased adh.emsun
assocjiated with amaller coells waes ascribed to the greater
surface area ot Antorooll;lnr contact. The fucreese in ceoil
8ilze with tuber maturity (Hughes et al., 1975), as o
consequence Ot a delay in tarvest, e related to decreased
cell surface ares per unit tissue volumse, & factor wrich can
contribute to increased tuber breakdown upon coouing (Lray,
1¥72). The influence o0f tuber weight on tuber cell sliae,
previousl)y regcrted by keeve ot al. (1873), is contsrmed by
the data presentea in Tables 6-H. Irrespective of 4ruwth
location, tre average cell ailze of the three tuber mises
analyzed tendeo to rise as tuber welght increased.
Statistical analysis of the data (Table 4) alsc indicated a
slgnificant infilvence of tuber weilght on cell size (p=V.03 ).
Furthersore, as found in this study and observed
sarlier by keeve et al. (1971), cell slze is signiticantly
predetersined (p=0.U1) by the tissue zone -- perimedul lary
cells are the largest, and cortical cells the saslleet, wvith

pith cells reing intermediate.(Figure 11aybyc,).

Cells froms the cortical and perimedul lary zones, ®hicn
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Table 6. Diametric measurements of cells in designated tivsue

tones of raw potato tubers®

- -

Diameter (um)

4
— e — . —— -

Growth location Tyber wt. _— e —————
in Alberts (g) Cortex Perimedullary Pith
20ne
South 110-168 157124 176224 17022
LI 169-224 154¢2) 181:2% 181:2%
. 225-336 167118 21332 17323}
)

Centtra) 110-168 15Q+20 189+ 3] 190229
) 169-224 1657+21 20133 17120
225-1336 161¢25 1981 136 182:24
North 110-168_ 142118 196+ 24 181:19
f 160-224 161:24 204134 18626
. 225-3136 15220 21735 19126

T e —————— e am — o e = =

-

Avg.

167224
170227
18534

176+32
177+30
178¢33

169¢131
182+ 32
182+138

'D1ametric peasurements of at least 50 cells.

2?2



Table 7.

\

Surface areas of cells in various tissue zones of raw

tubers*

-
Cell surface area (x10%y
Location in  Tuber wt.
Alberta (9) Cortex Perimedullary Pith Avg.
zone
e

South 110-168 7.9+2.4 9.9+2.8 9.2+2.4 -8.942.6
169-224 7.6x2.2 10.5+2.9 10.5+2.8 9.3+2.9
225-336 8.9t1.9 14.5+4 4 9.6+3.4 11.124.2
Central 110-168 7.2¢2.0 11.5+43.8 11.6%3.0 10.0+3.6
169-224 7.9:2.0 13.044.2 9.,4+2.2 10,1+3.6
~ 225-336 8.3+2.6 12.7+4.6 10.622.7 10.323.9
Ql;orth 110-168 6.5¢1.7 12.2+2.9 10.422.3 9.2+3.4
T 169-224 8.4+2.4 13.4:4.4  11.1:3.0 10.8+3.8
225-336 7.4:1.9  15.2¢4.7  11.7+#3.1  10.8+4.6
*Determined from diametric measurements of cells by assuming thgt the

cells are spherical in shape.
. ' -

“

<
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Table 8. Volumetric size of cells in the cortex, perimedullary,
and pith regions of raw tubers*

Ce11 vo]ume (x106um3)
Location in  Tuber wt. 7—'~
Alberta (9) Cortex Per*lnedtn)/y A ﬂt Avg.
zone ' .

South 110-168 2.2¢1.0 3.0t1.3 2.7+1.1 2.6+1.2

169-224 2.0+0.9 3.3:1.3 3.3:1.3 2.8+1

225-336 2.510.8 5.4+2 .4 2.9+1.6 3.7+2

Central 110-168 1.9:0.8 3.8+1.9 3.8+1.5 1+1
169-224 2.1:0.8 4,6+2.2 2.7+1.0 3.2x1.7

225-336 2.3:1.1 4.5+2.5 3.3:1.2 3.3:1

. . North 1107}68 1.6£0.7 4.1:1.4 3.2+1 2.8¢1

. [ 4

- elsi d C2.3:1.0 . 4.8:2.3 3g6el4,  3.5:19

- TafR-336 1.9:0.7 ¥ 5.8:2.6 3.9¢1.6  3.6%2

*Determined from diametrs measurements of cells by assuming the cells
to be spherical in shape.
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constitute at lLeaat 75% of the tuber size, are polyhedral in
shape, while pith cells are often elongated. Thuey some -
’

errors may be introduced when the walla (elongated cells In
particular) are treated as -phorjfci..tho determination of
sur face ares and volusstric slze. fpopwever, as pointed out
b; Keeve ot ale. (12371), since the lengthiwidth ,Atlo of most
elongated celis lies withinh the range of 3:2 to d:4, the
error does nct agrpear to be significant. Flgure 1lld —
provides evidence for the abundance in the vascular bundle
area of small starch grains which are qulite reslistant to

selatinization. As shown Ln Table 8, the gelatinlization

temperature is related to starch grain size, the larger the

size or the grair, the more susceptible 1t 1is to .
~ .

\‘flutlnlzatl (Lewey the lower the golattnization
toiperaturcA g

Ihe di-grlbutlon of gtarch ygrain slzee in the tuber
(T:;.l 10), a ftactor reported to be positively related to
’Qe.llne.l (Barrios et aley 1963), was statistically shown to
pe unaffected Ly tuber weight or growth locatlb‘ (lable 4).
Furthermore, the observatioan that the 38§=53 and <J48 pm

fractions predoainate (92.,7-98.01%) in all tupers sugports
\

the earlier tindings of Johnston et al. (1870).

Although no'dsttorcnco was found in the starch grain

P r
size distribution in tuber sanples froms the 1977 harvest

year, starch grains isolated from tubor-'ot the 1978 harvest
showed a higbly signiticant (p=0.01) variation with growth

location (Table 4) of IBC and, thus, amylose content (Jable

76
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Table 9. Gelatinization temperature of size-graded starch

grains*
Grain s1zé. pm Ge1at!n1zation temperature, ¢
. 74-106 56-59
59274 ' 56-60
38-5‘3,1 57-61 &
[
20-3§ ~ o 59-65
<20 £ 60-70

" 1S

-

®
*
Determinations made on starch samples 15015¥ed from
Southern Alberta grown Netted Gem potatoes.

77
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Table 11. lodine binding capacity (IBC) and amylose conteat
of starches of various potato tubers.

* T
Location in

Alberta Tuber wt. (g) IBC* Amylose (%)
South 110-168 4.149:0.099 . 21.15:0.50
- 169-228 , _ 4.218:0.044 21.50+0.22
225-336 "14.25410.077 .21.68:0.39
Central 110-168 ﬁ‘ 4.076+0.061 20.77+0.31
169-224 . 4.193:0.083 21.37:0.42
225-336 - 4.§40:0.089 21.10+0.45
J  North 110-168 4.001:0.105  20.39:0.5
. 169-224 4.049:0.105 20.63:0.%4
225-336 4.060+0.103 20.69+0.53.

- e

*On a dry basis.
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11). The smylose content wes independent of tuber weighte.
1h;no findings ana ". fact that qu.or grains contaln more
anylose (Geddes ot al,, 1965) imply that etarch 4rains froa
Southern and Central g4grown tgbor.. regardless Oof tudber
weighty should contain higher populgtione ct larger grainm
than those from Northern Albertes ' Our tindings are 1la
ayreement with those of some European potato cultivares --
Putz et ale ¢(1£78) ;}-o found e .l'nltlccnt intluenoce of
Year and location on starch grein size end, thus, on axylose
oontont. Thc eftect of fertilizesy was less pronounccd. An
:}‘ofi.-o in the gopulation of largec greins vas observed
only with N at a level above 160 kg{-..

Y >
Storeagye of tuborl up to 6 .onth- .t‘ﬁ“c. .- .houn by

Johnston et nl.‘(liﬁp), gonerally Mas no influeuce vn starch .
drain size distribution. They did, however, cbserve a
ditfereo@Ppe in the distribution pattern of Net{cd Gem tubers
from ALb;rt. and Manitoba, leading them to sujysest that
arowing conditions have a marked influence on the
distribution gpattern of grain sizese.

Ihe tuber ash content and lts minereal cosposition are
éiven in Table 12, On a dry msatter basis, the ash content
averaged Je71, 4.41y and S.17%, respectively, tor tubers
from Southera, Contr.l. and Northern Altertes. Mediux size
tubers from all locations had the highegt ash content -~ 4
finding the significance 0f which 1s notf well understood.

The alneral composition varied among tuber sizes and among

tubers from ditferent locations, and did not follow a -
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consistent trend. The higher average P velue rejyorted for

Central Aljyerta potatoes may be assoclpted with the

incresased P tfertiligation (Laughllin et al., 1¥74) prectised
]

in that area relative to the other two locations. increasves

in K end Ca concentretions in the tuber were aleso regorted

by the Nase esuthore to accospany high rates of P

’ppltcutton. In accordance with thiles report, Central

Alberta tukers were fouhd to possess the highest averaye &

content. This etfftect, rowever, was not observed for Ca in

V)

the present study.

The sineral composition of starch greine is ygiven in

T?blo 1Je Only 0.36% ash waes found, with P, Ca, Ny, K and

Na being ;ho predominant constituente. The content ot P -;. ‘

highest for Central and lovest for Northern Alberta starch

samples, 'ith sose variablility due to tuber weliygpht -- a

result which parslileled the tuber P contents provided 1n‘

Teble l4. Ba;od on the results obtained by the ion-exchange

-ctno?. starch-bound P wase 43.2, J39.6, and 40.06%, . ..

respectively, of the total P of Southerh, Central, and

Northern grown tubers. The starch P |s present as

ortnophoaphate esterified with the Ce~-hydroxyl of the

dlucosyl residuqs ot the n-y‘opoctln molecule. The

periodicity cf occurrenge of the P in the asmylopectin

mojiety, as found by Samotus and \Schwimmer (18562), decreases

with increeadfing maturity. This suggests simply an increass

in starch P sith maturitye. Contrary to this suggestion,

Geddes et al. (1865).tatl.d to demonstrate any change in N
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8tarch P content with increased starch saturity.

Uf interest vas the obeservation that the starce ¥
values obtelined by wet ashing were conalistently higher then
those oubtained by the lon~exchange method, Ihie alscrepanc)
Qppears to be accevated for by the digeatien of
ly.gpho.pholtpld Py whioh 18 present in fative starch ia the
forms of a clatrrate coapound, T

The levels %%z Ca and Mg dbound to starch shosphate
appeared to be low. Mowever, when ammoniuas ocoaa late wape
omitted during starch isolation, a teafold increase 4in Ca
content was obteined. As found by Baydar ot al. (1979) in
the same potato tudbers, up to SO0S of the Ca content is bound
to starch aunv coll wall Fec ting. The levels uf &k wvere higu
in all tuberses Nevertheless, only 0.9%0, 1.07, ane 0.708,
reapectively, weRke found in starch froms Southern, Centrail,
and Nourthern arqﬁn pota toes.

The overall mineral coapoai tion in tubers ot ditferent
weighte and locatlon;. and bound to'tubor starches, theugh
without a conmsistent trena op pattern, plays an imsportant
role in intluencing petato texture. The role o0f mono- ana
divalent eations ia mealiness and -l:zghlno;u of cooked
potato tissue was e®phasized by Linehan and Rughes
(196¥a,b), Zaedringer and Cunninghas (1871), ead Bartolome
and Hotf (1972)., Of particular interest was the finding of
t;; latter authors that divalent cetlons (essecially Cgq)
bound to starch were released updn starch gelationfzation, .

diffusing to the cell wall, where tnteracticn yi

84
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carbuayl groups ef pectic eubstamces brought aboul Lnc reaned’
intercoliular adheslon. Thie mechaniss ia largely
respensinle “ler QA.::, tirsing in the preceching steas of

petato processing into dehydrated tlanes or grenules.

detal cations have a profound effect oH staceh iteel
They influence tte gelatinizatien tenpersature, anda
eubstantially cecrease the svelling pover (8P), esoludis
.n; viscoslty ef starch. These changes eare due to
neutralization of wtarch phoephoric acid with catiomne
bring about either a decreasse in negative cHarge of
?olocdloo. or crese~linkaeges detveen tve adjacent
asylopectin chejbne (Maywar et ale, 1978),

%o-- sell documented is the role of metal cations in
.\t’.tlc ctanges Lo starch greine of the tuber (Shekhar and
lrlt’:l. 1976)e Co and Mg were shown te prosote aucrese
synthesis due tu their ablility to activaete sucrose

P L ]
synthetade (Delsar, 1973). On the other hand, P derived

. .
froa .t.!;b. by setivating ot.réh-do.rcdtn. eniymeg .qub
inhibiting those invelved in starch blosyathesis, can
L;ttuonco the overall procese of starch-esugar
interconversion, & process of great jmportance during tuber
storagee.

The swelling and solubilization characteristice ot Bhe
starch graine are preseanted in Tables 14 and 18,
respectively. 1The awelling ‘and solubllizetion patteéeras, as
a function ot t.iggr.turp. .ro'tllu-tqctod in Figures 12:17.

B
. . -\ - ‘e R

. . )
‘Starch graine lro-..-.il’.nd nediua elzes of Central Alderta
. .

a%



"UBAD WNNORA Uj 4y § 40 I,02] 10 .ml- 6 ¢ Bujkap »m POV BLI0Y,

$130Q Aup ‘¢ jan 9 dwes . ) .
f 2210008 Jua3:3d vedw ;0 VO) 30 AP -PIBPURIS - £
T ‘¢6|an 2130¢ uedw ;0 VO 30)A0p PIPURIS « xS Jsdya

(£-001)) (£-001))
2 *m.m.s_ * 2| *soo1 T EOE Y BO0J) PIINAWOD (A IIUBP |, U0D 366 1T UOIIT|AID PUTPURIS
v //V » b“
0°0€36 0¢ ! L°923%°001 6 €L 8L 693029 0°§32°¢C¢ 2 L3C°C T 96681 9€€-922
O LLELU ML §TO256 0L 0°139°69 4139°9S 67 L3C0C 2 130" 20791 922-691
COEEIL tTese et 2 LssEd C%L9 095606 9 L5’y L0°91 991-011 yiJoN
LASSLEOL 6 LZ39° ML £°S1:6 ML 0°631°C9 6235566 2°(sL'y 8L L 9%E-522
PSSO £°99°8°291  €£°96:Q €01 L'439°98 9 L136°8y  {°1sL°€ 8851 922-691
STUTUSSIZE #UZE0ST $T9251°201 0°951°S8 9 EISS Iy 2°032°¢€ 65°C1 o91-0g) V {84300)
0oL SEre e 202 0°2(°9°85 . 8°(3C° ¥ 90362 89°SL °  9tE-s22
YO0 ML 021201 2°215¢° 1L L9365 €°9%6°62 (°035§°2 00°91 122-69t ¢
P09 0 6SL  QLISENOL 9 259 ¢ 0°S3L°19 99506 2°05L°2 WL 991-0I{ *° y3Inog
8 st 0L 9 09 $S (%)

IVIJV0D (8) °0q Y

(Je) n3riaced; oBINISION WM J3QN ¥} VO4ITOIN

"S3JNI04dWI] SN0} URA J0 030300 WOU; yIJPYS 40 Jamod Buyjamg ‘¢ Qe



87

. N
]
8° L3y 0¢ 0°¢xZ 12 m.Nﬁw.mp 8 0¥l 9L 0°2%0°6 S LFG° L ommuwww .
8'0TY IE  SNZFE'22 L°1T0'8L E€'HISEL 82’8 9°2%2°2 $22-691
2 EFN 9E 6°LFL €2 6°0F€°61 ¥°070° 91 v L¥S6 v°0¥g°2 89L-01L1 YI4OoN
-* '. ~
GEFYIE  STEFLTLZ ST2FLL  LUUFEWL 0°LFZOL §UUEE"Z 9££-622
8°exd8E 9 PFL'ZE  9°9FL°1Z  8°0%€°8L  STEFOCEL L' lFE’| $22-691
G982y P LISOC  £°250°22 6°0FL6L 09762l $°0%0°2 -89L-011 (243092
. : P Y
Y1562 9°23°02 6°€FL'BL  8°2FL°SL  £%¥6'8  8°0%°0  9£E-§22
g t¥e et ¥ i8'1l2 -£°2%6°8l S L¥L791 9°170°¢L 0°0%0°0 v22-691 .
I'938°0€  O0°L3€°¥2 #°0:€°02 S°039°ZL 2'Lliv'6  §'036°0 89L-0L1 uanos
58 T ) N 59 09 55 6 "
. .uzALwn:._. uj uoj3
- I‘m..v ddnjesaduay
- ’ [}
*yo4e3s 03030d jO S3un3ea3adwa] SNOLJRA 30 $2|QN|0S JUIdLAd °G| d[qe)
o . ‘



v

g

SWELLING POWER

Ly

wh

(=4

Qo
4

O 225-336
-l = 169-224
- e e 110-168

e F ol b

Tuber weight (g)

R I

Figure 12!

. 60 [ 1] 70 75 8o

TEMPERATURE, %

85

Swelling patterns of starch from Southern Alberta potato

tubers.



-h
bl
d

e

SWELLING POWER

g

A9

Tuber weight (g)

- O 225-336 -
——tee- 169-224
—-=0—=-=  110-168

A A A A 2

Figure 13.

s .70 15 80 a5 .
TEMPERATURE, °C , i

Swelling patterns of starch from Central Alberta potato



£
AR

Tuber weight (g)

—O—  226-33
ceedeee  169-224

| e O 110-168

. . A a i J 1 -j
55 60 s 7 bt 20
TEMPERATURE, °c

Figure 14. Sw:ning patterns of starch from Northern Alberta potato
- tubers,



|6 ' AR v
-~ 4
1( TN o
v’ } ' ' @
t
Zo
" 4 ‘?.F' lf"
> . ,
& @ T
o
]
3 .
8 P
”h

Tuber weight (g)

O 226-336
sesdre-- 169-224

y - a - a— A a2 a2 J ]
ss P T » 5 o s
. TEMPERATURE, °C

Figure 15. Solubilization patterns of starch from Southern Alberta
potato tubers.



. Tuber- weight (g)
——— 226-336

b | --4--' 1e9228
—-@=  {10-168
. y .
$3 » i n e ] » s
. TEMPERATURE, °C

Figure 16. Solubtlizatfon patterns of starch from Central Alberta |

potato tubers.



Figure-17. Solubilization
potato tubers.

3% ' , '
. .
1 ] ,7 .
' X : 9
’ .. !
[ 4
.,.
Vs
/A
"
204
Tuber weight (g)
' —O0——  225-336
cectre-  169-224
——a—  110-16¥
. ) ‘&' . A A - oyt
[T (1) (1) ] ) ) ) }s

TEMPERATURE, ‘C

patterns of starch from Northern Alberta



'!?z '

.r"n‘ tubere oxhibited in higheat 8P and seludl iuuu.

\ 1
(P igren 1) and (0. respectively). lNoevevery Shea pereoant
selubility of thése atarehge (fer J tuder oizes) vas plettes

sueinet 8P (Pigure 1¥), the ¢idterence

ceased te .exliet, l
Ssall v.tlnﬁc;io is evelling ane¢ .qluhll‘aotlo- pnt:orao

were tou.ﬂ*n-o-. atareh seaples tr:- Seuthers and Nerthera
srova ‘

’r?lunro

8P ter these starches, alse reveal litele ¢l P

ore (Figures 13, 14, 16, 17)e PFlgures 14§ and 20,

the relationship detveen percent -olubtthy and’

Anaslysis of data frem Table 14 shows th

location on sfarch 8P \e eignificant at p=0.

whereas the effect of tuber size is eigniticent only at

Tadle ¢),

p20.08. DNevertheless, no generelizatione could be made
about the influence of tuber size, since the qffect
fluctuated with location.
Tne high §P ob.ofvod with the .turchc; from the ssall
di medius sizes of Central Alberte tu:o:- mey be attributed
to the high starch P content (Table 13)y ovwirg to the
polyelectrolyte character that the ester phosphate g;oup-
impart to ;ho starch solecule (i.e., regulaive forces due to
the negetive charyge in c.ylopoétln'-oloculo.). Mowéver, the
high .t;r£i ) J conto.&o of_ large .lzJL.ot Central Alberta
" tubers did got parallel their sﬁ.luo..
The ptoc’i.lna quality of potato tubers grown in
Alberta -ccnunno--od by their suitability for French fries.

Prozqn French 1r® quality is dependent on such attributes as

tlavor, color, oll content, crispness, and mealiness (Isleid
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ot abey 1064)¢ Bu e present stuayy ob mmuo
evalicy eriterieont e tevey, toe Oﬂoho Olo -"00 e
oustleye aslee, 9t uptene is e ne peedues, csiee tvee
g‘.“““.. Ate mcmt qu\l"o mu o8 cocscade
paresesor o uouonn-.u Preseh 8oy predwsfiea. 4s
;cn- ssen’ Jable 10/ oil weene o8 ‘uwber .”u.. W e
® dop walgdt Basle, b0 olgnisicsat)y A.llouul oy M
80006 oa these @ate, lumnp;n’m vese tevesed Sie
Presed telce. 1Ine lover oil uptade covrevpended oich the
high Bu of these tuders (00e Tadle 8): Thue, the reculte
Suppert the gossrelly aceeptod oplaion of greconcere thet
tudere o2 Bigh e ccntofR uevelly yield o tlaisnes friee
predvet cboroctootno‘ »y & t.vov..t. lee o4l wptane.

As ilndicated carlier, therd Lo se sigaitficant
digtereance Lo the averege coll oize Detecen twere o8 the
basie of Lecation (Tadles 4 6-0). latereellivlar adbesica,
68 affected By coll te coll contact, shevule theorefore de of
conperadle astreagth in oll tuders. 7The siper varietioses ia
the divalent caticn ccantontes ameng tudbere oned thelr sstereh
sraine (Teklens 12 and 1)) appoar te de rether ualinely te
Quee a difterence ia intercéllivlar adhestlos, i otot-
By Bertelese and Bef2 (1071) 1o valic thet locroo:f;’
0dhosion cos resvlt free Dridgoe feormatien betwsos §he coll
vall eselle pectia ocad ’bb.lo.' csatiocas, particsularly these
roloo:}l frem starch upes goelatinizatioa:. Thus, the high

otereh coanteant of the tuder, a feacter sigaiticently
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correlated with lCIangﬂﬁ (Barrios et ‘1.. 1861b )y, may have
sajor implications for the ;roco--ina quality of a tuber in
Pronch Lry proéictloni The stdirch content ot Southern grown
$pbor. ds l*anitlc.;tly higher (at p=0.01) than éontrnl and
Northern ®rown tubers. Slnco the avenage tuter cell voluame

does not difger a-onu‘tubor- on the basis of locetion, it

follows that Southern Alg,ffo Wgbers have, on the average, a
Qt.

-y

higher amount ot starch per cell volumes Such tuber tissue {
VAS @xpected to experience enhanced cell separation upon
heat treatment in }.tor prior to French trying. .A- cvldont
trom Figure 2::. acl.tl#izctlon of -t-r;h grains ultﬁin a
cell packed with o large nuamber of &raine resul ts in the
entire c;ll voluse being tilled with gelatinized Starch,.
Thia oobirvctlc; coincides with SEN tindings o1 fodoc et al,
(1577), who;dﬁécivod that, while aolatlnlz;d starch grains
9ccupy the entire volume of cortical cells, the cells nost
densely packed with starch gra¥ns (see Figure 11a), the
Periredullary or pith cell volumes are only partijially
tlll;d.

Bas ed on the above rationale, it ig logical to assume
that Frenct irio- Frepared from Southern Alberta tubers
would take up less oil due to less void Spece being created
be tween aol.tihlzed starch and the cell wall, and alsgo to
the ability o2 selatinized and retrograded starch to
otx;ctlvcly imgpede 0il gfenetration to cells Leneath the

-t:i} surface.

In spite cf the high starch content ©of Southern grown
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Figure 21. Transmission electron micrographs illustrating:

a. a starch grain surrounded by a doub1& membrane R
from a raw tuber cortical cell

b. gelatinized starch occupying the entire cortical
cell volume in cooked tissue

(GS, gelatinized starch; CW, cell wall)



tubers, enhanced cell gseparation upon cooking is not
observed ln cosmercial French try processing. The present
pr.ctlci. involving preceeking of strips at 709C for 5-8
min, fuollowed by cooling in water and rcho.ting at 709C ftor
S~8 min before deep~frying in oil, is then well understood
and Jjustified. Precooking at 709C, based on our findinge,
should gelatinize all the starch grains within the cell and
release the divalent cations of starch which are needed for
cell wall freing. Coolln: in water should bring abeut
starch retrogradation and assist in cell wall firming.
Subseduent heating at 70°C would then not result in
sloughing ©or sgontaneocus cell separation. As ; result of
these firwing effects ltpnrto; to ‘the cell wall, and,
particularly, to th:sulddlo lﬁloll;. tissue cleavagye or
minute fissure development, which.would ot£erulso provide
routes for an additional 10-15% oil uptake, are preven ted.
The microsac ic Iinvestiligation carried out by sxeeve and
Neel (1960) on tench fries and chifrs provides verification
- 4 .
of the abg:o clainse. The frying proceegs brought about &
more rapld dehydration of the gelatinized starch in the
surtace cells than in the center of the French fry stripse.
Ag fryimg proceeded, expansion of steam entrapped in th1'“
cells beneatt the strip surface, especially in the
intercellular gpaces, resulted in localized cell separation
(blister formation), as int¢rcellular co?elion necamse

weakened by solubilization of the middle lamella pectic

substances Letween adjacent cell walls. As wmater escaped in

102
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N
the toﬁi\ot steam there was -ovo-ont\;£ oil dnto the void
AN - ’

epace thot\Q<: ftermed. 1he authorwe coulz not dg tect the
\ L
presence of abuorbea oil in the htrip interior, but 'did find

that the oil vnnxiocollzod mainly in the cellulosic cell
walls and intercelliular spaces. Hovever, their ob-orv;tlon
was restrictead to Freuch frliees prc;.rod wi thout sater
blanching, when cell gop.riqlon sas not prevented. The oil
in French fries grepared 'ith planching would bt_locollztd'
in the void space within the cell, rather than in the
intercellular space, eince colﬁ -.go;.tlon would bo'
eftectively contsolled.

In addition to obtaining basic knowledge of the tuber
and starch c&aractor&.tlc- -ith‘ro-poct to tuber weight and
tuber growth locationy, the present study alsc included
examination of potato starch aol.tl;LGtlon by SEM in an

attempt to gain some insight into the ul tras tguc ture of the
AN . 1]

starch graine. Micrographs illustrating the starch grain
morphology at various stages of ﬁolutlnlzntlon (from

N
$6-70°C) are shown in Figure 22.,

The procesg of astarch aoiatlnlzntion. according to-
Badenhuizen (1868), involves an Initial uptake of water by
starch molecules within the grain -truéturc. The uptake is
followed by disruption of the molecular or;aanntlon. beln.
4reatest around the hilume. A c{;.r demonstration ?t'th;n
phenosenocon ls seen” in Figure 22b. A cut}ty results, ana it

enlarges as sw»elling ?rocoqd-. Starch nplccule-. mainly

amylose, diffuse into the cavity, with fused layers of

103
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Figure 22. 5cann§§? electron microgrdphs of native starch grains

undergoing gelatinization.
a. control

b. 56°C

c. 56°C

d. se°c



Figure 22. Scanning electron microgra
undergoing gelatinization.

e. 58°C |
f. 60°C “
g. 60°C
h. 60°C

phs of natf&tar‘éh grains
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Figure 22. Scanning electron micrographs of native starch grains
undergoing gelatinization.

i. 64°C .
° M s X
. i, 66°C N
k. 70°C ’
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entanyled anylepectin meleculeas surrounding the eavity.
‘- Observations vt the present itndy .Qron.ir evupport .uc; .
stareh yelatinization cencept. Developmeat of o catity ia
the gralim interier Lo oildont.tn Figure 22¢. This L8 even
|0fe proseunced in PFigure 332 ae the grain u.aor.;o. a more
.:v;nccd stage oi q,}s'tnlz.tton. The radiel tlb;llt.r
organization In the wsall next to the c.vl;y. shich Lia
}ocdtly dlescernible in both ttauro..'l- e feature favored by
ltoéllis (1874, 187) in hise -tqrch-qr.lﬁ vitrestruc ture
oonsept. Alse of lntereat were the findinge related to the
‘existence of tibrillar structures which traverse
lon‘ltudlnqlly alenyg the grain surface (Figures 22d,e). 1he
significance ot these observations, however, is not yet
understood.

Concentric lasellations, readily distinguishable in the
fracture face of an intact atarch grain, are illustrated ian
Flgure 225. Ihis structure agrees with the agpositional _
arovth'ot the atarch grain as advanced by Baderhuizen and
Dutton (1956)e Such a lamellar concoﬁn was also favored by
Gruber ot al. (1873), vho envisaged the gralinwultrastructure .
as consiasting of an anmylose core surrounded by layers otA
crystalline isodiametric -Lcoglou of td14§d anylopectin
-ploculo- atabilized in the pleated section of lamellation
by lnto({olocul.t hydrogen bonding. :

Qur finding that small starch grains are ro-lut.nﬂ to

delatinization (Table 8) 1Is confirmed in Flgures 22h and

22j. Starch grains ot diameters less than 30 um remain



¢ ' ’
intact even .; 669C. Cenplete yolatinizatien, hovever, lo
in evidence at 70°C (sigure 22x). i
The pelatinisation etudy previded evidease in suppert

oL the ealstence g} poth laseller and radial ergenization ot

starch meleculds withia the potate starch grain. .
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‘ Tuber dry matteor and .‘:rch sontente were aisgnltivantiy
e !

: ’
higher feor petatees greva Al\Viﬂihult eompared to these frea

[ ]
winterburn or feace Alver. The ledine bindiang capecity ana

-

esylose contents of starches fros Vaunhall n.c; interburn

A
arown tuders vere slgnitficantly higher thar thole from Peace

Miver. AQQther savantage of Vauxhall pctatoes
2 ' o '
ll{utltc.ntly lovwer oil uptake relative to th her two

N/

atione: There wes ne iptluense ef grewth | ilea en

tissue cell ltzo.or starch greain dlotﬁ(%. largoat
L J
e

Le

tuber size, regercless of location, h e lar
size. Un the cocther hand, there was no signiticant
difference bestween tuber size as regards tuber dry matter
and starch contente, etarch grain size distribution within
the tuber, oil uptake, and starch lodine binding capaci ty
and amylose content. \

As found in thie study, tuber size should not be
considered as o factor 0f great isportance In decisions
fortnxnln‘ to raw material selection for comasercial-scale
processing into French fries. Rather, growth to;.tlon
should be sccorded gtreater attention, The ceauses that bDring
about such locetion effecte, though not elucidated in this
study, are undoubtedly of a complex nature, and are very
likely attributadble to the interaction of environmental
fac tors and cultural practices.

The present evidence favors Southern over Central or

Northern Alberta grown tubers for French fry processing,
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