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' comp1exes wereetrue c]athrates C]athrate stab111ty was a, funct1on of -

‘ ,monog]ycerlde cha1n 1ength The presence of clathrate§\1n grains’

- dropped from 0 39 to 0 25 g water/g starch Endotherm 9 aracter1st1:s(‘

'were determlned for ge]at1n1zat1on most perfect cry ta111tes and |

- for the1r ab111ty to comp]ex amy]ose in a s1mu1ated Add Back (A -B)|

'zThe a form and the~pa1m1t1c ac1d type of monog]ycer1de were super1or for

L e ABSTRACT R R I o

' \\*"_' Nat1ve potato starch gra1ns and those comp]exed below the‘

ge1at1n1zat1on temperature w1th 1—monog1ycer1des (Cg to 018) were '

compared for so]ub111ty, swelllng power, (SP) V1scos1ty, heat stabi 1ty
Y {

Vand waten b1nd1ng capac1ty (NBC) X- -ray d1ffract1on ana]ys1s proved that

$e

decreas?d so]ub111ty by up to- tw1ce and SP up to 10 t1mts, while WBC

| clathrate Fus1ons Entha1p1es of 115, 4 Kca]/mo]eﬁfor nat1ve starch and

27. 5 for c1athrate were obta1ned 1rrespect1ve of monog]ycer1de cha1n o

'1ength w :dfmk" “ ,f I v,s7 '}v dfi

Pa1m1t1c and stearic ac1d types of monogTycer1des werL ass ssed B

"potato granu]e process Monog]ycer1des app11ed as hydrated ge]s 4

’(pH 2,3 - 7. 1) and m1crobead powders, had o and B crysta] ?orms,

respect1ve]y, as proved by X- ray d1ffract1on and 1nfrared spectroscopy

?.amylose 1nso1ub111zat1on Scann1ng e]ectron m1croscopy (SEM) was' used '

to determ1ne the effect of added monog]ycer1dés\on the extent of A

,-‘..~ .

_f‘ amy]ose 1each1ng from potato granu]es and heated starch gra1ns

Monog]ycer1de 1ncorporat1on 1h an, A B or Freeze Thaw (F T)

process decreased the potato granu]e# B1ue Va1ue Index (BVI) SP

| 2

"rehydrat1on rate and WBC and increa ed“the 1ntact sound ce]] count

-;, W1th 0 2% monoglycerlde, SP NBC and rehydratTOn rate of A B granu]es

'S

v



wheq a precook1Fg step waspap5 T

- 0. 2% monog]ycer1de) decreased dur1qg the 1n1t1a1

\However, such a trend wastnot observed at 25°C

\ C . [

were 8.4, 6.7 and 6.4%, ¥spect1ve1y, Tower than F T‘granu]es wh11e

granu]e structures part1aﬁ1y éeeéﬁ“.“’*‘ar diffe'ing‘later,penetration

rates. X- ray analysis revea}ed a weak monog]ycer de.-’starch interaction“
dur1ng the granu]e process \:‘ _ | | ‘ '
" The SP NBC and rate}of rehydrat1on of gr‘nu1es (comp1exed w1th .

4 weeks by an average

b
of 25.5 (F-T) and 27.3% (A-B$ at 1% and by 1.1 (F-T) and:12.0% (A-B)"

at 25°C. However, the mo1sture content showed an, opposite trend,'

_1ncreas1ng by 5. 9 (F T and 74 &y (A-B) at 49 ’C and:py 3_6;(F§T)fand "
4, .9% (A-B) at 25°C Storage beyond 14 weeks at 4" Cireéulted'in increases

71n SP, WBC and rate of rehydrat1on and decreases 1n‘maisture’content.

The percentage decreases 1n Sp (dur1ng the iritja1v14‘weeks)

- of’treated granules (A= 8- ﬂnd F- T) were 1ower/than thgsefOf untreated'

L granu]es by an average of 11.0% t 4° C and 10 5% gt 75 C

| The extent of starch ‘matrix - ce]l wa11 svparat1on and the

1ntens1ty of the nyn d1ffract1o, pattern of an X- rag ana]ys1s 1ncreased

‘ dur1ng storage w1th greater 1n reases be1ng fou d t 4° C

V1scos1ty and d1fferent al scannlng calo i try stud1es showed

= the 1nab111ty of monog]ycer1de ito complex potato pect1n
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1L INTRODUCTION

Potato granu]es are a dehydrated conven1ence food They cons1st h
1arge1y of separated whole t1ssue ce11s wh1ch are reconst1tuted eas11y

A\ by the add1t1on of hot water to form a product that 1dea11y, c]ose]y

" :uresemb1es freshly mashed potatoes in color, f1avor and texture. The
 on1y process at the present t1me for commerc1a1 product1on of potato
Jgranu1es is the Add Back ( ) process (Boy]e, 1967) A Freeze Thaw

L '(F T) process for the product1on of’ potato granu]es was recent1y '
o deve]oped by 00ra1ku1 (1977) to e11m1nate or m1n1m1ze some of the major
_ prob]ems wh1ch have been p]agu1ng the A-B process Perhaps the b1ggest
‘advantage of the F-T process 11es in the fact that the process s
| '"stra1ght through";,one in. whxch no recyc11ng of the dry granu]es'1s
'necessary Neverthe]ess, the process has not yet been commerc1a11y
(‘app11ed The granules obta1ned by these two processes d1ffer in the1r
: phys1cochem1ca1 character1st1cs (Mo]ed1na et al. 1978) |
” E In manufactur1ng dehydrated mashed potatoes, prevent1on of -
bexcess1ve reTease of amy]ose from 1ntact and ‘ruptured ce]]s is of great
, 1mportance to ensure an acceptab]e textura] qua11ty of the reconst1tuted
i siproduct Less starch is extruded from such ce11s whenoa preheating and ’
v_fcoo11ng step is used Processes based on the above observat1ons have
:.been patented in wh1ch cooked and mashed potatoes are freed from '
; t1ck1ness,‘past1ness or g]ueyness (Cord1ng and . W111ard 1957 Su111van :
‘_t _] 1961) The 1eached out amy]ose content in mashed potatoes is
o reduced further in add1t1ona1 steps of process1ng Retrogradat1on of
':vamylose 1n predry1ng, 1ow temperature cond1t1on1ng or temper1ng steps
of an A B process (Olson and Harr1ngton, 1955) or the freez1ng step’ of

' L3



an F- T process (00ra1ku1 1977) are two such exampTes The undes1rab1e

. effect of amy]ose may also be avoided by mash1ng at a temperature close -
’to that of cook1ng, ‘which keeps ce11 rupture 1ow, and/or by ty1ng up

the a 1ose by 1ncorporat1ng monog]ycer1des at this step In addit1on, t'
monog ycerides also affect the end product swe111ng (Swe111ng Power, SP),

 Water b1nd1ng capac1ty (NBC) and/or>rate of rehydration, i.e. Q set of

o parameters wh1ch affects m1x1ng and handling propert1es of reconst1tuted

" mash and a]so extru51on propert1es of the dough dur1ng manufacture of ‘ €;
Frenchqfr1es o '

Granules exh1b1t1ng rehydrat1on rates in the reg1on of 5.9 x 10 =2

'sec'] have been found 1dea1 for French fry product1on However, such

+2 to precook1ng water, or

‘ rates areyon1y ach1eved by the add1t1on of ca*
by storage at room temperature for 6 months (00ra1ku1 and Mo]ed1na, 1980)
j"Pro1onged storage in commerc1a1 product1on 1s 1mpract1ca1 and - a]so |

brings about the add1t1ona1 problem of end- product ranc1d1ty



]. OBJECTIVES OF . THE .INVESTIGATIONS .

Present]y, the A]berta processors export the1r dehydrated mashed

<<<<

" potato granu]es to ‘Edtrope and Japan. A number of properties of the

granu]es are needed to be 1mproved The most 1mportant ones are (1)

increase. in the number of granu]es w1th intact - cell wal] (2) decreasé

,the rate of water uptake,_(3) reduce the high’ swe111ng ‘test values; and‘o

1(4) to reduce the unsat1sfactory so]ub]e amylose values The main

obJective of the present work was aimed at so1v1ng these prob]ems In
order to ach1eve th1s, a deta11ed study was needed on  the effect of

monog]ycer1de on potato t1ssue and part1cu1ar1y, its starch content

1. 1. Character1zat1on of Potato Starch and its Monog1ycer1de Comp]exes
Industry exper1ence and some pub11shed data strong]y suggest -
that qua11ty parameters 11ke SP NBC and rate of rehydratlon 1nvolve

7’ most]y starch and starch 11p1d 1nteract1on products (Hadz1yev and -

Stee]e, 1979) Hence a study was 1n1t1ated to determ1ne the propert1es o

, of potato starch and 1ts monog]ycer1de 1nteract1on products Nat1ve

starch was reacted w1th 1-monog]ycer1des (C to C18) and the product

a true starch- 11p1d complex as proved by X- ray d1ffract1on, was “then

1nvest1gated for heat stab111ty, SP,,amylose 1each1ng and wBC Ev1dence
was prov1ded for the ab111ty of each monoglycer1de to ta110r these

properties of- nat1ve starch

o

8,

1. 2 Effect of Monoglycer1des on Amylose Comp]ex1ng Dur1ng a Potato
Granules Process

" The super10r1ty of the a-crysta111ne form of a monoglycer1de

C%\\ CN




‘over that of B in comp]exing amylose was reported by Krog and Nybo i;.
Jensen (1970). However, the.possib1e advantage of us1ng either a- Or B- |
'.:Mcrysta111ne forms in a granu]e process has not been reported, The -
B present work determ1ned the extent of amy]ose complex1ng with commer-Ld\
cially ava11ab]e monog]ycerides, one w1th pa1m1t1c and the other with \
'-.-stear1c ac1d being predominant, and both be1ng app11ed in crysta]]ine , y\;
'(7states wh1ch corresponded to powder (8) and gel (a) forms Potato starch |
_jmode1 systems and who]e potato t1ssues were put through semi- p110t
- scale or s1mu1ated steps of an A-B granu]e process S1nce in th1s R x
»process the durat1on and temperature of the mash-m1x1ng step, and | o
rbconcentrat1on of added monog]ycerﬂde,,appear to be chosen by industry

hY

somewhat arb1trar11y, the effects of changes 1n these parameters on

o amy]ose complex1ng were a]so stud1ed 1n detail. :

1.3. Effect “of Monog]ycer1de on: some Rehydrat1ng_Propert1es of Potato ;s, ?:5
Granules. o '“ o ‘ - | “ﬂ' '
Presently, monog]ycer1de is added at a 1eve1 of 0.3 0 .5% (w1th
‘some processors up to about 1%) dur1ng the mash-m1x1ng step of a ’
i_granu]e process However, the effect of different concentrat1ons of -
bmonog]ycer1des on. rehydrat1on qua11ty parameters has not been determ1ned
Therefore, the influence monopal 1t1n -type monog]ycer1de at)var1ous'
',1evefs on SP NBC extent of amy?ose 1each1ng, and’ count of 1ntact a
'sound ce11s was determtned and the opt1mum concentrat1ons for 1ndustry
h suggested S1mu1taneously the/iormat1on of an 1nc1us1on comp]ex | ’
:, between starch and monog]ycer}de in the granule proces5‘was—conftrmed~————‘\‘vs~4”

~'by X-ray d1ffract1on analys1s

y
A
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1.4, Effect of Storage Temperature on some Rehydrﬁtlng Propert1es of

' Potato Granules.

A s}stematic study has not been made on the inf]uence”ofk‘

. different storage temperatures on the rehydrat1on properties of
granules Qoraikul. and Moledina (1980) observed that an increase in
starch retrogradat1on caused a decrease 1n rehydrat1on rate. Th1s
observat1on together w1th those of Katz and- Re1nstma (1930) and ,

' wh1st1er (1954)‘ who observed an acce]erat1on of starch retrogradat1on

f w1th decrease of temperature 1ed to a comparat1ve study of the effect '
e,of storage temperatures (4 and 25 C) on WBC sP, starch matr1x-ce]1.wa11

-separat1on, and crysta111n1ty degree of F T and A- B granu]es

175. Pectin-Monogiyceride,Interaction.
An 1nteract1on between c1trus pect1n and monog]ycer1de was -

~reported by 00ra1ku1 and Hadzlyev (1974) To ver1fy these observat1ons

and to- clar1fy the poss1b1e ro]e of pectln as an extrace]]u]ar b1nder

'.f:1n a granu1e process, a study was des1gned which 1nvo1ved an attempt

~to react monog]ycer1de w1th potato pect1n and c1trus pectln (of various
-'degree of ester1f1cat1on). The- product so formed was exam1ned by

'v1scometry and‘d1fferent1a] scann1ng ca]orlmetryrs¢



I1. REVIEW OF THE LITERATURE
1. PROCESSING OF POTATO GRANULES.

The potato (So1anum tuberosum, L.) 7%~an annual herbaceous

d1coty1edonous p1ant belonging to the famw]y solanaceae. Currently,
'35% of the potetoes produced in Alberta are consumed as fresh table
potatoes, 5% are used for seed production and 60% are processed into
dehydrated granu]es, chips or Frehch-fries (Chung and Hadzier, 1980) .
Process1ng of potatoes 1nto dehydrated granu]es or flakes 1s %erhaps
the most sat1sfacﬁory method of creat1ng a product that 15 not on]y
nutritiona]]y and organolept1ca]1y adequate but remains. so over an
extended period of time.

4 Ear]y'developmént of‘dehydrated‘mashed potato was reviewed by
- 01son and Hérrihéton (1955). Recent patents were revfewed by Torrey
‘ (1974) Hanson. (1975) and Hadz1yev and’ Steele (1979). Basic information
;related to potato dehydrat1on was g1ven by Feuste1 et al. (1964). |

. The ear11est attempt to produce dehydrated granules involved
.spray drying (He1rmerd1nger,_ 926),rwh1chbwas mod1f1ed 1ater by
.Bowen (1931) end Burton (1944). Other mefhodé which fo11ohed were the' .
"Freeze and Squeeze" method (HGreene et al ., 1947; Hall ,',1953))
A method‘thaf-haS“Seen widely investigated for the reduotion of moisture

‘content of cooked potatoeg to approx1mate1y 40% is addition of an

”_‘appropr1ate amount of prev1ous]y dried mater1a1 This 1is ca]]ed the

”U,Add -Back - (A-B) process, and ear]y deve]opments of th1s method were
descr1bed by Vo]pertas (1939) R1voche (1948 1950) and Renﬂ1e 1943)
WT11ard (1966) developed a mod1f1ed A-B process w1th minimum

'hecycling. The process -involved admixing cooked mashed_potatoes with



dehydrated granules in an amount cufficient to produce a moist, friable
mixture having a moisture content of about 35 to 45i, permitting the
mixture to equilibrate its moisture content for 20 min, remixing and
then drying to the desired final moisture content. Homogeneous mixing of
the moist and dry components was accomplished with the aid of monogly-
ceride. Willard (1967) introduced a process in which potatoes were
cooked and mashed at the same time in a combination unit which continuously
removed the cooked exterior portions of the potatoes. In this manner,
over-cooking of the outer porfions of the potatoes was eliminated, and
mechanical damage to the cells of inner portions of the potatoes, which
require longer cooking, was minimized.

Precooking and cooling steés were omitted in a process developed
by Shatila and Terrel (1976). Partially mashed steam-cooked potatoes
were riced in the presence of glycerol monostearate. The subsequent
steps were predry1ng granulation and fluidized bed drying.

Oora1ku1 (1977, 1978) developed the Freezé-Thaw (F-T) process,
‘wh1ch a1so omitted the precooking and cooling steps. Mashed potatoes
frozen overn1ght in an air-blast freezer at -29 OC were thawed to 50¢
‘before being subJected to predrying, granulation and f1na1 drying.

Most of the granules (85%) sao produced were.smaller than 60 mes aﬁd
the broken cell count was not more than 6%.

In a similar process Shub -and Bogdanova (1976) subjected the

mashed‘potatoes to temperatures of -10 to -40 C for 2-15 min before

fluidized bed drying.v ‘ - : ' <;



‘Av:;for potato granu]e manufacture in Canada and the u. S A is the A B :

]

1 1. Add Back Process ) - ‘

) At present the onTy s1gn1f1cant1y successfu] commerc1a1 process L

'-’Tprocess Because of th1s fact, some of the deta1Ts of th1s process w1TT

:{be eTabOrated in th1s rev1ew éi 't.i”‘thf"
The bas1c features of the A B process are pee11ng, sT1c1ng, o;a.hfﬂ_' .

' l;:precook1ng and water cooT1ng, foTTowed by steam cook1ng, mash m1x1ng

x;o(w1th about 2 parts of recycled granuTes), cond1t1on1ng, rem1x1ng,;.n"*'

:£a1r 11ft dry1ng, fTuldT;ed bed dry1ng and cooT1ng and s1eV1ng The

'

'-Nd°rat1ona1e for the sequence of process1ng steps descr1bed above has been

f-..rev1ewed by Hadz1yev and SteeTe (1979) ‘ ".& eﬁ."ffo'}fgi.' *-'E f'f,;.;; Ihi;'

Though the A B process has been 1mproved 1ts magor d1sadvantageéi_.v

f‘st111 remaxns 1/10 to 1/6 of the soT1d materTaT hand]ed 1s the end

' ‘: product wh11e the rema1nder stays 1n the system by recyc11ng Th1s has 3f»in

S _reduced>because undes1rab1e character1st1cs, once deveToped rema1n in

"Tra bear1ng on operat1ng costs In add1t1on, granu]e qua11ty can be jzhﬁif\-ﬂ'

l;{the system 1n apprec1abTe percentage even after several recycTes of

'~ continuous production. j',if;V‘

1 2 Freeze Thaw Process

- OoraikuT (1973) 1ntroduced the. F T°techn1que for granu]e v{Q'L

product1on in order to overcome some of the drawbacks of ‘the ‘A-B.

process ,}‘ ?: i;f1,f f,‘:--'af~;' LR ’h’,j'“‘~"“”" S
| The F- T process cons1sts of pee11ng, cook1ng, mash1ng, freez1ng L

S and thaw1ng, predry1ng granuTat1on dry1ng and s1ft1ng -

. Precooklng and cooT1ng were avo1ded 1n th1s process, s1nce



7~jifreezing temperatures 1s the m1n1m12at1on of m1crob1a] growth In
tuvfﬁadd1t1on freez1ng temperatures prov1de better retent1on of ascorb1c ac1d

'Hl;fe(Jadhav~gt;aT 1975) However, the F- T process m1ght have a great

'les(BartoTome'and Hoff 1972 Mo]ed1na et aT 1981) Om1ss1on of

"‘?precooking'reSuIts n mechan1ca1 damage to the potato ceTTs dur1ng mash- b

L e v : '
o

_f', L
‘f,1ntroduct1on of these two steps contr1buted to t1ssue strengthen1ng,

wh1ch in. turn requ1red greater mechan1ca1 shear1ng, resuﬂt1ng in ], R, sffvw'
* 1 ) '

',dexcess1ve ce]T damage and a more gTuey mash (Mo]ed1na et}a] 1978) f .
| The b1ggest advantage of the F T process 11es 1n;the fact that»g,[

fthe process is a "stra1ght through" one in wh1ch no recyc11ng of the ti.f}_/‘ »_'

.’,:Tdry granu]es 1s necessary (Oora1kuT 1978) The A—B con71t1on1ng step ﬂ_/’

”15 rep]aced by the freezwng and thaw1ng steps The maJor advantage of

e

;Adisadvantage_due‘to jits h1gh energy demand and cap1ta1 expend1ture The

-'Tatter-ecdnomicaT'parameters have not yet been reported for F T process '
EFFECT OF PROCES§ING ON POTATOES |

"‘f T Cook1ng (Precoo 1ng and Steam Cook1ng)

- v:d,; Potato s]1ces'sub3ected to the A—B granu]e process are usuaTTy
precooked 1n wattr at 65—80 C for 20 30 m1n and coo{ed before further ;ir.
fprocessing (Olso and‘Harr1ngton, 1955, Cord1ng and W111ard 1957) S
’Precook1ng serves to so]ub111ze pect1c substances, ge]at1n1ze starch |

| tfgra1ns (K1nter and-Tweedy, 1967) and strengthen potato ce]Ts

:-a"

o ;m1x1ng, caus1ng the reTease of free starch and resu]t1ng An a texturaTTy

*-j1nfer10r produc (Cord1ng and W111ard 1957) Thus, precook1ng pTays an-;-”

‘_ 1mportant part n determ1n1ng the phy51ca1 propert1es of A B granuTes d_.;if
’f:x(OTson and Har71ngton, 1955) Steam cook1ng br1ngs about f1na1 soften1ng

grof the t1ssue
e T

e

ST
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h_2 L. 1 Effect oﬂ Cook1ng ‘on. Pect1c Substances and Textura1 Qua]1ty

2.

Pect1c substances in the ce]] wa]] (CW) and m1dd1e 1ame11a (ML)

'fhave been found to 1nf1uence the textura] propert1es of potato granu]es

~"tiSolub111zat1on of pect1n and 1oss of ce11u1ar cohes1on occurs dur1ng

“‘9;1ncrease of pH The mechan1sm of th1s s e]1m1nat1on was c]ar1f1ed by

cook1ng A '*f““:*ff"

P A mechan1sm for the degradat1on and so]ub111zat1on of pect]C ;f_;ff
'Csubstances dur1ng cook1ng was presented by Ke13bets et a1 (1976) |
‘These authors showed that depo]ymer1zat1on of pect1c ga]acturonan by

e for trans e11m1nat1on was poss1b1e at- the natura1 pH of potato €1ssue

'>;(5 5 6. 5), and that the extent of depo1ymer1zat1on 1ncreased w1th

‘*Gj;Neukom and Deue] (1958) and A]bershe1m et a1 (1960) At 100 < catlons’
"_1‘ such as Ca K and Mg and an1ons such as phytate and ch]or1de were found

'?'to enhance depo1ymer1zat1on by B e11m1nat1on The nature rather than %

S

"'u'uthe concentrat1on of the 1ons, was found to be the predom1nant factor

g .(Ke13bets and P11n1k 1974 Ke13bets et a] 5 1976)

0

Barto]ome and Hoff (1972) Hoff (1972) and Mo]ed1na et a1 (1981)'“

._ashowed that f1rm1ng durlng precook1ng was due to de ester1f1cat1on of

;4€gcw pect1n by potato pect1n methy] esterase (PME) F1rm1ng occurred by ;j‘

i emeta] br1dge format1on between the freed CO@H groups and Ca and Mg

’ *_»d1ffused from the ce]l 1nter1or Th1s would 1ncrease the matr1x

o v1scos1ty, thus caus1ng an 1ncrease in ce]] cohe510n (Warren and

-v‘WOOdman, 1974)

Pect1n so]ub111zat10n durtng cook1ng was found to be retarded i

“eby Ca but not by Mg (Ke13bets et a] 1976) Haydar et a] (1980) and i

AL

:Mo1ed1na et _J (1981) reported s1m11ar f1nd1ngs at precook1ng

'ftemperatures These authors showed that t1ssue f1rm1ng 1n the presence



o

Pt

't'of d1va1ent cat1ons 1nv01ved both CW and starch Ca 2 f1rmed both. starch |
_fand cw while Mg +2 f1rmed onTy starch The f1rmness of potato t1ssue
precooked and cooked 1in de1on1zed water w1thout coo]1ng was found to be

.,;equaT to that of t1ssue stra1ght cooked or precooked coo]ed and cooked o

+2

;1n de1on1zed water Lp the presence of Ca s onTy the Tatter steps j

»:_brought about f1rm1n Haydar et a] > 1980)

42 -

+2 | E supp11ed as‘f”'“

“7':h MoTed1na et a] (1981) found that Ca 3 but not Mg

"*,TC (Mg) starches, retard pect1n so]ub111zat1on, wh11e coolﬂng fo]10w1ng

: fcprecook1ng resuTted 1n a h1gher uptake of Ca by reta1ned pect1n The(”f5'"s5if

if__f1rm1ng effect was attrlbuted to Ca reTease from ge]at1n1zed starch

',Tf*fdur1ng precook1ng,_and to stab111zat1on of Ca br1dges w1th free

:"7;;C00 groups of cel] wal] pectln durtng cook1ng The ro]e of pect1n ;:lt

‘-':fmethyl esterase (PME) 1n caus1ng f1rm1ng was de-emphas1sed,_s1nce the

o -C~CPME TeveT 1n potato t1ssue permltted onTy a max1mum of 11 3%

'”.}‘fdemethyTat1on

| }'3‘2 T 2 Effect of Cook1ng on Starch and Textural Qua11ty

Dur1ng precook1ng and steam-cook1ng, starch gra1ns 105e the1r =

o :crysta111ne structure and become hydrated, swo]Ten and ge]at1n1zed

',The swo]len ge] occup1es aTmost the ent1re cell voTume in the cortex, :

' ﬂ~; but onTy part1a11y f1TTs the p1th ceTT Fedec et a] (1977) attr1buted -

S " th1s f1nd1ng to the smaTTer s1ze and Tower number of starch gra1ns per : ;_53

"jh'p1th ce11

Amy]ose 1each1ng occurs durtng starch ge]at1on The extent of
-Teach1ng was found to be greater at 82 2 than at: 65 5°C (Reeve, 1963)
: Precook1ng a starch suspe@s1on at 65 C fo]]owed by steam-cook1ng at 7“/

I‘;TOO C resulted in a decrease 1n\dassolved starch content (Potter et aT



-.“f1959) An 1ncrease 1n precook1ng t1me resu]ted in greater decreases,
h‘._'suggest1ng that starch retrogradatlon occurs dur1ng precook1ng """ However,.'
' the extent of retrogradat1on was even greater when cool1ng fo]]owed :
| precook1ng (Potter, 1954 Reeve, 1954 a b3 Harr1ngton et a] 1959)

M1n1ma1 extrus1on of gelat1n1zed starch occurs on1y when tubers are’

cooked after a preheat1ng and coo]1ng steps Th1s results in mea11ness,’
rha requ1red feature of good qua11ty mashed potatoes (Cord1ng and

'W111ard 1957 Sul]lva et al 1961)

| Mlcroscop1c obse vat1ons by Reeve (1954a) done dur1ng the cook1ng B
| \‘of potato t1ssue, have sﬁown that ce11 separat1on s accompan1ed by '
”*"round1ng off" of the ce]ls, so that wal]s of adJacent ce]ls are pushed e
;”apart Other observat1ons showed the "round1ng off“ to be the resu]t of
“vt'swe]11ng of’ ge]at1n1zed starch Hoff (1972) and Narren et a1 (1975)
‘v‘cid1sputed the ex1stence of such a "swe111ng pressure", and suggested that i 'b,
E f;fthe texture of cooked potatoes was on]y re1ated to the factors that f;'”'ifl
b‘§$1nf1uence the strength of. W, and ML These are ce]] s1ze ce]l surface, ;t; i‘ft*
_J starch content, amy]ose/amy]opect1n rat1o, spec1f1c gravxty, tota]
:'.j'vsol1ds, Ca ? and organ1c ac1d contents, age and storage t1me of the .
"’.L”tuber, and starch retrogradat1on (Hoff 1972) Warren et a1 (1975)
.;suggested that s]ough1ng or mea11ness of cooked potato tlssue was due
"to extens1ve hydratwon of cw Ce]] separat1on was favoured by h1gh S
| f:1evels of phytate and poTyuron1des and 1ow ]evels of p01YVa1ent cat1ons f'ﬁi -
q'lti“;1n the cw » oo ‘; . ‘.,‘ e ,. ’ | B
kA The controvers1a1 nature of the textune of cooked potatov1s,.'jb

'k.thus, obv1ous " f» : ';r._

f



: 2. 2 Mash1ng A
\ A

Mash1ng of cooked potatoes 1s ‘a cr1t1ca1 operat1on in the

“t:product1on of h1gh qua11ty granuTes The 1nd1v1dua1 t1ssue ceTTs shou]d”f

‘be separated by the app11cat1on of. compress1ve and shear forces but

' shou]d rema1n whoTe w1th CW's enve]op1ng the sonTen, heat geTat1n1zedfv

. starch (OTson and Harr1ngton, 1955)

The qua11ty of potatoes, temperature of mash1ng, and the type of

;fm1xer used determ1ne the success of the mash1ng step (OTson and

T7.>5Harr1ngton, 1955 Oora1ku1 1974) The ceTTs 1n potatoes mashed at a »f

' ~ﬁ"temperature cTose to that of cook1ng ‘are. eas1Ty separated w1th T1tt1e

':ceTT damage However, as the mash1ng temperature 1s decreased the

?ﬁhpercentage;of broken ceTTs 1ncreases (Oora1ku1 et aT 1974) Therefore,.'d

f”mash1ng at “h1gh" temperature 1mmed1ate1y after cook1ng 1s des1rab1e

”ﬁ: The amount of ce]T rupture corre]ates W1th the past1ness of the

WA}g:Tend product and the amount of rcTeased free amy]ose and 1ts Blue VaTue o

o fIndex (BVI)k Rehydrated potato granu]es w1th 20% broken ceTTs are

.*ivdes1gnated as pasty,,wh11e those w1th 10 12% broken ceTTs are averaéevt’
hzfa”d those w1th 6% or Tess are super1or (Greene et aT ; 1949 Reeve and
_tx:Notter 1959) Good quaT1ty dehydrated mashed potatoes have a BVI of

E T92_—182 (Had21yev and Steele, 1979) . SR

In the F T process best resuTts are obta1ned by mash1ng for :k;,;’"

‘Tabout 2 m1n, at a temperature of 70 o or above, in a Hobart m1xer
iifeequ1pped w1th a fTat beater |

In the A B: process, ceTT separat1on 1s ach1eved by hot mash1ng

?;at or above 60 C of the cooked t1ssue w1th dry granu]es Th1s resuTts 1n\ffﬂ':”

13 -

'fb;a decrease 1n the mo1sture content ‘of cooked potatoes toa TeveT where f'lf;'"""

"fceTT separat1on can be ach1eved W1thout rupture (Severson et aT . 1955)

S



anffreez1ng and thaw1ng, the resultlng—product_1s made more granu]ar and SRS

o 1ess ge1atinous in texture (Rend]e, 1945) Granules prepared from ‘dk

.’  3beq1ns, or the benef1t of freez1ng w111 be 1ost through reabsorpt1on

-;,u2 4 Cond1t1on1ng

L 14

H1gh temperature mash1ng enab]es un1form d1str1but1on of add1t1ves
(mon0g1ycer1des, ant1ox1dants, sod1um ac1d pyrophosphate) throughout

rthe wholé mash Thus, E-T granu]es would exh1b1t more un1form1ty in. the1r
propert1es between 1nd1v1dua1 granu]es, wh11e A-B granu]es wou]d prov1de a
'rbetter un1form1ty based on bu]k samp]e granu]es Effect1ve cell separat1on
:1n the F Tfprocess wou]d enab]e qu1ck water remova] in the predry1ng

. ,stape(Mcﬂedma et a1 1978). ST R RN =y

.f,32 3 Freezing and Thaw1ng o ‘ , |

: Freez1ng and thaw1ng of cooked potatoes reduces the swe111ng '

: 'power of the1r gel]ed starch and 1nf1uences the textura] propert1es ofa:‘”’”
~ “frozen potato products (Reeve, 1967) Freez1ng strengthens the CW -

hl‘(Greene et a] i 1948) mak1ng poss1b1e predry1ng of the mash at an f'\ :ﬂw.
iﬁj5e1evated temperature in a st1rred\bed dryer and granu]at1on w1th on]y ‘L

>>ﬁrm1n1mum damage to the potato ce]]s (Oora1ku1 and Hadz1yev, 974) By “f3;

i

S i

"V"ipotatoes of d1fferent var1et1es or dry matter content were found to’ have
v.cons1stent water reabsorpt1on capac1ty (Oora1ku1 1978) Thws cou]d be : ]}t

'.’attr1buted ‘to acce]erat1on of starch ge] retrogradat1on to near ‘

'hvg completion at freez1ng t mperatures (French 1950)
e The thawed mash EZould not be h1gher than 5 C when predry1ng ‘};ﬁé

e of water and so#ten1ng of ('L s (Mo1ed1na 1978) hgfﬁ L 3_‘gnf'\f

-

‘,,;v

>

Changes undergone by A—B granu]e dur1ng cond1t1on1ng are s1m11ar '

ato those observed dur1ng the freez1ng and thaw1ng steps of a F T process
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; : Cond1t1on1ng for 30-60 m1n at 40 50 C resu]ts in retrogradat1on of :'
.ge]at1n1zed starch,‘resu1t1ng in 1mproved ce11 separat1on in the
subsequent steps of. f]uff—m1x1ng (Potter, 19545 Ooraikul, 1978) and .
‘1mproved textura] qua11ty of the reconst1tuted granules (Severson et
al, 1955)
\\< : o R YA' ’.“,‘ : ; ! : dtx} o ;,:g ’
| 2 5. Predry1ng and Granu]at1on IEACEURE - o ’
Predry1ng and granu]at1on are- we11?covered by the 11terature
‘v(Rendle, 1945 R1voche, 19503 Cooley et al 1954 Potter, 1954 |
“Severson et a] R 1955 01son and Harr1ngton, 1955 Oora1ku1 1973)
”';In predry1ng, the mo1sture content of the cooked potatoes 1s reduceg
tto a cr1t1ca1 range of 35-45% in the F- T process (Oora1ku1, 1978) and
- 30- 35% 1n the A-B process (Harrlngton et a]., 1959) N1th1n th1s range, ‘f'
'potato ce]]s are more res1stant to mechan1ca1 damage, fr1ab1e and eas11y.; )
v] hand1ed (01son et a] 1953) Predrylng and granu]at1on in the A-B
*process are ach1eved dur1ng mash-m1x1ng Fluff—m1x1ng also ensures a h,_,f
| more comp]ete separat1on of cell aggregates 1nto 1nd1V1dua1 ce]]s .
“}‘(Severson et al 1955) LT ' ' o
o Predry1ng in. ‘the F T prOCess takes place rap1d1y under a 1ong |
| :constant rate period (Oora1ku1 1978) The heat and mass transfer rates
h;1n the bed are suff1c1ent1y h1gh 50 that the temperature of the potatoes
i’1s kept 1ow (no more than 45°C) Granu1at1on, wh1ch fol]ows predry1n

L 1s carried out qu1ck1y us1ng a h1gh rate of st1rr1ng and a<low a1r

"_:ve1oc1ty Th]S ensures that the partic]es rema1n w1th1n the cr1t

urrange of mo1sture content The granu]es, after the granulat1on step

fcons1st of more than 85% f1ne powder of sma]]er than 60 mesh w1th less -
' w

‘\ ' than 17 discard (Oora1ku1 1977) Predry1ng and granu]at1on determ1ne o



I;;the_amount.of finetgranu]es in'thelfina] Prbductj the extent’of‘cé11'

damage, and the amount of discard.

2. 6 F1na1 Dry1ng

Th1s is carr1ed out in the F-T process ina batch f1u1d1zed bed

:drier (Oora1kuT 1977) Dry1ng takes p]ace in only 10- 15 min under .

N
re]at1ve]y h1gh a1r temperature and ve]oc1ty In the A B process,-_

granu]ated potatoes are dr1ed in an air 11ft dr1er to about 12% mo1sture )

| -vfand f1na11y dr1ed to 6% mo1sture in. a f1u1d1zed bed dr1er Dry1ng

I occurs dur1ng the 10- 30 min’ res1dence t1me ‘The. 1n1et a1r temperature

N can be qu1te h1gh w1thout scorch1ng the product because transfer of
: »,heat occurs S0 cap1d1y that none of the granu]es is exposed to over]y

high temperature

3. POTATO STARCH AND' ITS CHARACTERISTICS AS. RELATED TO GRANULE '

T PROCESSING

'VT 3;1; Starch Grain D1str1but1on 1n Potato. Tuber

| Scann1ng eTectron m1croscopy stud1es by Fedec et a] (1977)

x‘reyealed the presence of starch grawns 1n storage parenchyma ce]]s

o adJacent to the vascuTar t1ssue, cortex, 1nterna1 ph]oem and p1th

Ye

“and the absence in. cork cells. or per1derm Interna] phloem and cort1ca1

ce]Ts were found to conta1n gra1ns of s1m1]ar s1ze vary1ng from

4 3 18 6 um 1n outer and 20 X 38 50 x 86 pm in 1nner ce]Ts of the‘

‘».cortex Storage parenchyma ce]]s adJacent to the vascu]ar t1ssue

fconta1ned gra1ns wh1ch were: sma]] and round Spher1ca1 and ova] shaped

"gra1ns 1n p1th ranged in s1ze from 4 5- 18 2 um and. 24 x 32- 38 X 50 um, '
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:respect1ve1y Johnston et al. (1970) and Chung and Hadziyev (1980)
' reported the predom1nance of the 38-53 and < 38 um grain size fract1ons
1h potato tubers. . ‘ o

- Putz et al. (1978) andehung and Hadziyev (1980) found a
s1gn1f1cant 1nf1uence of year, “and 1ocat1on on starch gra1n size. The

1atter authors and Johnston et al. (1968) showed the dependency of

”h]amy]ose content on gra1n size. Larger gra1ns were. found to have a

‘;sl1ght1y h1gher percentage of amy]ose Starch grains from southern and
7 central Alberta tubers, regard]ess of tuber we1ght had a h1gher |
B populat1on of larger gralns, hence h1gher amylose content than those
:‘from northern A]berta (Chung and Hadz1yev 1980) ' |

| Reeve (1967) reported the 1nf1uence of storage temperature on- )
size d1str1but1on Sma11er gra1ns were found to be d1gested more
: Arap1d1y than 1arger ones at h1gh storage temperatures However,

x,M1ca (1975) found that. 1arger grains ‘were degraded to sma]]er ones: 1n

European potatoes stored for 6’ months at 2 and 10° C. Johnsto_ Q;,—l

- (1968) found that storage of "Netted Gem" potatoes at 4 C for up to vf {4"ﬂb

6 months had no 1nf1uence on gra]n size d1str1but1on

-
- —

3.2. Mo]ecu1ar'StrUCture of - the Starch»érainf-

P]ants e1aborate the1r starch 1n the form of m1croscop1ca11y
~small gra1ns (Ster11ng, 1968 Badenhu1zen, 1969) in wh1ch the mo]ecu]es
of starch lie w1th the1r 1ong axes rad1a1 to (Kreger 1951 Meyer, 1895)

rvor, more exact]y perpend1cu1ar to the gra1n surface at whlch they are

4 '.1a1d down (Badenhu1zen, 1969 French 1972 Ster11ng, 1977). Gruber et

(1973) c1a1med that swe111ng of potato starch gra1ns in waterv

’I1nvolves, f1rst1y, an 1nner "core In other reagents an outer ”mant]e



" will first, sweTT They be11eved that this behav1or Tends support to the
idea that the starch gra1n cons1sts of b]ock]ets, crystalline 1sod1amet—
ric’ micelles of fo]ded mo1ecu1es, wh1ch are mostly amylose in the core.
The amy]ose m1ce11es form radial f1br111ar doma1ns (Gruber, 1972)
Qutside the core, a mantle of 1sod1ametr1c fr1nged m1ce11es of fo]ded .
"amyTOpect1n molecules is sa1d to.be formed in tangent1a11y cohes1ve

R
~1ayers Muh]ethaTer (1965) and Ho]z] (1973) were a]so in favor of .

v1ew1ng the starch gra1n as composed of 1sod1ametr1c m1ce11es of folded :

‘moTecuTes of both amy]ose and amy]opect1n ‘The ev1dence for th1s concept

is as fo]Tows the granu]ar surface of freeze fractured starch gra1ns

(Muh]etha]er, 1965), a TameTTar per1od1c1ty of 80 to 100 nm (TameTTar'

) th1ckness 40-50 nm) seen’ upon d1gest1on with ac1d (Frey Wyssl1ng and |
Buttrose, 1961) and crysta111zat1on of TOng moTecu]es of amy]ose
'(1n p]ate]ets 7.5- 10 nm th1ck) from butanoT (Yamash1ta, 1965)

By sub3ect1ng potato starch gra1ns to d1fferent1a1 swe111ng in

,p'water Ster11ng (1974 1976), showed the presence of rad1a11y cours1ng _

. f1br1Ts of var1ab1e d1ameter (0.1 to 10 um), rad1at1ng from the h11um

and travers1ng the concentr1c 1ame11at1ons of the starch The mo]ecu]es :

in the f1br11 were shown to be connected by cova]ent bonds 1n the

i':'prad1a1 d1rect1on Ster11ng (1977) showed that the maJor 11nes of

';weakness occur between rad1a1 f1br111ar un1ts rather than between}
. Wconcentr1c/;angent1a1 she]]s 4
The above f1br111ar structure 1mp11es the presence of pores on,
. the surface of starch grains. The pore sizes in ‘wet SWOTTen potato :
"‘starch were determ1ned by prec1p1tat1ng crystaTs of s1]ver wuth1n the_p
gra1n and measur1ng the1r d1ameters (Ster11ng, 1973) D1ameters ranged

from 0.5- 75 nm. Large pores were’ concentrated in the 1nter1ame11ar

18
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'regtons{and.sma11 pores (O‘S—Zlo'nm) in the tntermolecularvand‘intermic—
~ellar spaces within the. 1ame11a | o
k “ Nat1ve starch grains are sem1crysta111ne and exhibit two
d1fferent X ray d1ffractlon patterns, the SO~ called A- and B- patterns,
, depend1ng on the source of starch (Katz,and Van Ita111e, 1930). The
former is- character1st1c of cerea] starches, while the latter is
:predom1nant]y found in tuber and ﬂegum1nous starch A ‘third- type, the
C- pattern, 1s thought to be a m1xture of A— and B- patterns, and is foundt R
, in banana (Ster11ng, 1968) Interact1on ex1sts between ‘these crysta111ne
: forms For examp]e, heat/m01sture treatment w111 convert the B- pattern :
'of potato starch to an A type with correspond1ng changes in the phys1ca1
: propertles of the gra1ns Control]ed dry1ng of a heated starch gel

\
can produce depend1ng on the temperature, any of the | crysta111ne forms

' In genera], 1t is now apparent that crysta111n1ty {5 ‘due to the :
"amy1opect1n component (Banks and Greenwood 1975)
| A number of.different. un1t ce11s and structure have been proposed\u"
for both A- and B starches, but none has been comp]etely correct - ;"ﬂ_‘ j;;_‘
;French (1972) postu]ated that none of the. a]ternat1ve mode]s prov1de a
_structure capab]e of exp1a1n1ng X -ray observatlons w1thput d1stort1ng B
bond 1engths and bond ang]es, or 1ntroduc1ng 1nto the ub1t ce11
'unacceptab]y h1gh amounts of water of crysta111zat1on renc (1972)
sUQgested that, s1nce none of the s1ng]e -stranded he11ca1 models for the
starch cha1n s sat1sfactory, attentlon shou]d be g1ven to doub]e stranded
he11x format1on, even 1n the amy]opect1n component ’ | |
| The crysta] structures of A— B- and Cépo1ymorphs of amy]ose
- have been determlned through a comb1nat1on of f1ber X-ray d1ffract1on

sanalys1s and computer based structure ref1nement (Sarko and wu, 1978)

T2
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These authors showed  that the three Structures correspond to the
naturaTTy occuring'A~, B- and C4starches, and all three are based on
.doubTe-stranded he]ices. Both A- and B;amyTose are virtua]]y identica]
in conformat1on both are r1ght -handed; parallel-stranded helices.
However the A- and B- structures d1ffer in the crysta111ne pack1ng of
the heT1ces and the water content.. The A- amyTose crystallizes in an
’orthogonaT un1t ceTT with sT1ght1y d1storted hexagonaT pack1ng and with
’e1ght water moTecuTes per unit ceTT The B- amyTose crysta111zes in a
ffhexagonaT unit cell with a much more open hexagonaT packing and 36 water
moTecuTes per unit cell. The C- structure is‘a mixture of A— and B-unit
cells; and is, therefore, intermediate between the A- and B-fOrms in

packing density.

, v3.3.‘Starch'Gbmponents.
‘§.3.1Q AmyTose.
3.3/1.1. GeneraT Characteristics. L S , ,

AmyTose a T1near o~ 1 4D-glucan, comprises 21 29 of potato
starch (Chung and Hadz1yev, 1980) AmyTose 1soTated from mature tubers
has. a 1od1ne b1nd1ng capac1ty of 19.5%, a B- amy]o]ys1s T1m1t of 76% and

"a T1m1t1ng viscosity value (n_) 1n'1 M KOH of 410 pﬁ/g Greenwoodvand
\\ Thomson, 1962). | |
\ o .

C 3.3, 1 2 Conformat1on and Behav1our of AmyTose in So]utlon

4 The conformat1on of the amyTose cha1n depends on the r1ng
"conformat1on of the - gTucose residue (Rao ét al., 1967) HoTTo et aT

(1961) concTuded from models that amyTose would ex1st as a flexible f



rinQ if the ring conformation were either Bl or Cl, whereas the 38
conformatioq.could 1ead‘on1y to an extended chain. Rao and Foster (1963,
1965) showed ffom NMR studies of polymers of D-glucose that all the
glucose units exist 0n1y in the C1 conformation. This is ﬁupported by the
X-ray crystallographic studie§ of Hybl et al. (1965), which revealed that
all six g]ucosé units in cyc]ohe%a-amylose potassium acetate complex
are in the Cl conformation. Rao et al. (1967) showed (from calculations
of potential energy of non bonded intéractions) that out of 8 probabfe
conformations (2 chair and 6 boat forms) for «-D glucopyranoside, the
C1 (chair) conformation had the lowest enefgy. Thus, the boat forms are‘
ruled out as possible ring conformations for all the units in amy]dsé,
since all the glucose residues in the Cl conf%guration can be linked
through o 1-4 Tinkages without any steric strain.

: The configuration and behavior of amylose in aqueous sd1ution
hés béenAthe subject of much controversy, as can bé seen from the models
'thét héve been proposed. They are: the Hollo-Szejtli -tight helix model,
the Banks-Greenwood random coil model, and the Senior-Hamori extended
hé]ix model. _
Hollo and Szejtli (1961) proposed an interrupted, tightly-wound
:“He1ix for the structufe of the amylose ch@jn. Amylose was depicted as a
- molecule composed of hé]ica] segments, with the helical regions
stabilized by 1ntefm01ecu1ar,hydrogén bonds, each seémenf consisting of
- about 120 g]ucoée unifs, with limited regions bf random coil interspaced
* between the segments. t |

| . Banks and Greenwood (1971) observed a large decrease‘iﬁ the

viscosity numbér (i.ei'a decrease ih‘hydrodynamfc volume) on the addition

of iodine and n-butanol to‘gmy]ose in neutra] aqdeous solution. Therefore,
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aqueous saTt stut1on and that the heT1caT conf1gurat1on is. forced
pon amyTose by the add1t1on of compTex1ng agents .

| ' Sen1or and Hamor1 (1973) d1sagreed w1th the HoTTo SzeJtT1 modeT
| for the foTTow1ng reasons They observed 1ntr1n51c v1scos1ty changes

‘even near the zero vaTue of 1od1ne b1nd1ng, suggest1ng that there 1s a

*;f conformat1ona1 change (due to a contract1on of the 11near d1mens1on of

the poTysacchar1de cha1n) accompany1ng the b1nd1ng of even the f1rst
few 10d1ne moTecuTes Such a change woqu not occur 1n the presence of

t1ght heT1ca1 segments ATthough the Banks Greenwood modeT expTa1ned '

the above changes,r1t d1d not expTa1n the k1net1c resuhts of Sen1or and ,Z*f""

Hamor1 (1973) who observed that add1t1on of 1od1ne to aTready formed
1od1ne amyTose compTex resuTted 1n fresh nucTeat1on and rap1d growth of
newTy compTexed reg1ons, rather than 1n growth of ex15t1ng poTy1od1ne
cha1ns They 1nterpreted that there were aTternat1ng sect1ons on the

" TR

: amyTose moTecuTe one k1nd of wh1ch was su1tab1e and other k1nds of

€« i

wh1ch were not su1tab1e for a rap1d compTexat1on react1on These authors

proposed a conformat1on for amyTose wh1ch 1nvoTves reg1ons of Toose and
extended he]1ces wh1ch a]ternate w1th shorter random co1T sect1ons

Based on th1s modeT the format1on of the amy]ose/1od1ne compTex can be
e v1sua11zed as the entrapment of 1od1ne atoms by the contract10n of the
Toose heT1caT reg1ons of the macromoTecuTe 1nto tlght he11ces of the 3?’

' "V" amyTose Th1s modeT woqu aTso be compat1b1e w1th the pronounced

decrease in the 1ntr1ns1c vwscoswty of aqueous amyTose soTut1on around

PH012 (ErTander, 1968 ErTander and Purv1nas 1968) Such a decrease k wt"‘ o

was attrwbuted to the destruct1on of the Toose heT1caT reg1ons as.a
. resuTt of eTectrostat1c repu]s1on ar1s1ng from d1ssoc1ated hydroxyT
"dgroups.r S e T .'5 5o

they postu]ated that amy]ose possesses no heT1caT character 1n neutraT

22



‘r'{hydrocarbons, 1ong cha1n fatty ac1ds and monog]ycer1des to form

23

C 2R » . B , v A S _. 4’) |
3. 3 1 3. Format1on of Monog]ycer1de Inc]us1on Comp1exes L

Starch}vespec1a]1y the amy]ose fract1on, combines w1th a var1ety

- of compounds like 1od1ne a11phat1c a]coho]s, cyc11c and a]1phat1c?

‘; S0~ ca]]ed 1ncyus1on compounds wh1ch are: 1nso]ub1e at room temperature

P

'3Inc1us1on compounds are: not the resu]t of chem1ca1 1nteract1ons, but
K oY T

have been deflned rather as add1t1on compounds 1n wh1ch one ent1ty

“‘(guest)5f1ts 1nto and s surrounded by the 1att1ce of the other (host)

rv'

'w’_ijhenbondsainvo1ved in 1nc1us1on compounds are pr1mar11y Van der Waa1s ffh_~

v 7Hi1nc1us10n compound with 2 mo]es GMP the free space is| 50 A and

57Nattractiye fcrces wh1ch are qu1te weak but suff1c1ent to prov1de the ‘hf‘°'
'7[tormation of stab1e c0mp1exes when a]] molecu]es are c]ose together SO

:"(Osman Isma11 1972)

. The ctructure of the amylose moTecule in suspens1on can be ‘f;- ;.;{‘fi
~1represented as’ a cha1n w1th 10 li he11ces, each conta1n1ng a mean of |
1;f12 w1nd1ngs of s1x g]ucose un1ts (1ength of w1nd1ng 8 A) It fo110ws h‘L

d‘;ﬁthat every he11x b1nds at Teast one and n many cases,‘two mo]ecu]es,of

:"~g1ycery1 monopa]m1tate (GMP) dur1ng comp]ex format1on The 1ength of

‘-the GMP mo]ecuTe is. about 22 R. If a he11x w1th 12 w1nd1ngs forms an

[i[consequent]y, cons1sts of about 6 w1nd1ngs or about 35 g]ucose un1ts j

;(Lagend13k and Pen1ngs, 1970)

The 1ns1de d1ameter of the amy1ose he11x 1s 4 5- 6 O A depend1ng ~'

g »i}on the number of glucose un1ts per turn which: var1es from six to e1ght

‘f“(Krog, 1977) Stra1ght hydrocarbon cha1ns, such as saturated monog]ycer—'f
"*~1des, can very eas11y be enc]osed 1n the he11ca1 core \but the presence
of a doub]e bond 1n unsaturated monog]ycer1des g1ves 3 bend to the' ‘

fatty ac1d chaln mak1ng 1t 1mp0551b1e for such monogWycerldes to‘j{,[



_._.

f3;1on patterns as descr1bed by Zobe1 (1964) for the so ca]]ed "V" form of

~

penetrate as read11y 1nto the amy]ose he11x The d1ff1cu1ty is compounded

"‘.even more in. the case of c_§ 1somer1sm (B1rnbaum 1971)

In the he11ca1 form the 1nter1or surface is. built up by C H

':_groups and g]ycos1d1c oxygen atoms form1ng a 11poph111c core wh11e a11
yiathe po]ar hydroxy] groups are pos1t1oned on the outer surface of the

"he11x (Banks and Greenwood 1972) Car]son et al. (1979) have shown that

as 1n the. crysta111ne state and the1r resu]ts 1nd1cate that the po]ar ;1a ;

. a

'iﬁgroup is not 1nc1uded 1n the he]lx

X ray powder d1ffract1on ofcamy1ose monog]ycer1de comp]exes f

(of d1fferent cha1n 1engths) has shown that they have the same d1ffract—

;:amy1ose, 1nd1cat1ng that a]] monog]ycer1des, 1rrespect1ve of cha1n hi?} f;
hviy1ength form the same type of 1nc]us1on compounds w1th amy]ose but to a 1:

“ghd1fferent extent (Krog, 1971)

- Comp]ex format1on between corn starch and fatty ac1ds was f1rst

"Z-that the comp]ex1ng agent was entrapped w1th1n the he11ca1 cha1n

Osman et a1 (1961) demonstrated a method to eva]uate food grade :

-ﬁhsurface act1ve agents w1th respect to the1r amy]ose complex1ng ab111ty

1

';‘the 10d1ne aff1n1ty of the amy]ose All mater1a1s used w1th the
bwexcept1on of d1g]ycer1des and tr1g1ycer1des of soybean 011 great1y }t

»sreduced the 1od1ne afflnlty of the amy]ose but 1n no case was 1t reduced

: ”;related to the percentage of monoglycer1de added»~f he’ o

e

Lagend13k and Pen1ngs (1970) stud1ed the re]at1onsh1p between

24

a

_ Th1s method was based on potent1ometr1c measurements of the reductlon of :

» T_the hydrocarbon cha1n conformat1on 1ns1de the he11x seems to be ordered - =

FZfreported by Schoch et a] (]944) A few years ]ater M1kus (1946) showed L

f;to zero They a]so found that the reduct1on of the aff1n1ty was d1rect1y- h'"
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i

the comp]ex format1on of starch w1th monog]ycer1des and the f1rmness of
*bread ‘Using pure amyTose and amyTopectln, 1so]ated from potato starch
_they ge]at1n1zed the starch fract1ons in the presence of reJat1veTy |

o pure (95%) monog]ycer1des with vary1ng fatty acid mo1et1es They found ;
:that monog]ycer1des formed comp]exes w1th both amyTose and amy]opect1n
'but d1d o) to a much greater extent w1th amyTose The opt1mum compTex1ng

. effect was - found w1th g]yceryl monopa1m1tate ‘ B

| | Krog (1971) observed opt1mum compTex1ng w1th g]y

» |
-'tate He aTso found that mono and d1gTycer1de bTends of 45% monoester

- )T'content d1d not prov1de expected comp]ex1ng at monoester TeveTs R g_7

F

equ1va1ent to the d1st111ed monogTycer1des of 95% monoester content
xlTh1s anomaTy was attrlbuted to the format1on of an emuTs1on w1th the o

vfd1- and tr1gTycer1des present b1nd1ng the monog]ycer1des at the fag

‘,.

The moTecuTar conformat1on of amy]ose

;;ants was stud1ed by measur1ng v1sc051ty (K1m and Rob1nson, 1979) The.f

ceryT monomyr1s- -

o 25

e'presence of-surfactebf;_,*

'e_:1ntr1ns1c v1scos1ty of neutra], aqueous saTt amy]ose soTut1ons decreased ;j,{

‘7j511ght1y upon comp]ex1ng W1th surfactants, 1nd1cat1ng that surfactants
’1wenter 1nto the aTready ex1st1ng heT1caT cav1ty of amyTose moTecuTes
The comp]ex format1on between monogTycer1des and amyTose has

fj found extens1ve app11cat1on 1n the product1on of dehydrated mashed

’potatoes (Gutterson, 1971) Harr1ngton et aT (1960) reported that the t;};f"

f add1t1on of monog]ycer1de e1ther dur1ng the A B process or 1n the dry fu,;'_

,granu]e reduces the st1ck1ness of geT]ed starch extruded from ruptured

"ypor 1ntact ce]Ts A"s1m11ar observat1on was made by Severson et aT (1955)Lv‘7

Oora1ku1 and Hadz1yev (1974) found that a bTend of monogTycer1des

B4

_;itiwas super1or to that of a’ s1ngTe monogTycer1de in’ controTT1ng the texture:wfu

SR



‘ of reconst1tuted granu]es These authors found that the add1t1on of

!:fMyvatex (a b]end of gTyceryT monostearateland propyTene gTycoT

' monostearate) to a mash w1th an - average broken cell count of 2% gave the,t

‘best results at a concentrat1on of 0. 2%, aga1nst O 3% when gTyceryT

(f'_monostearate a]one was used

*:ff,i3 3. 2 1 ane?Structure;'

| ‘ In potato granuTe process1ng the s1gn1f1cance of th1s compTex
"format1on 1s 1n the poss1b1]1ty of part1a]1y remov1ng the free starch’
1ffrom potato ceTT b1nd1ng matr1x 1nto a clathrate comp]ex us1ng monoglycef’.'i'
ler1de aTone or 1n comb1nat1on The free21ng step of the (F T process) )
"'or the cond1t1on1ng step of the (A process) cause retrogradat1on of ,':

“ean add1t1ona1 amount of free starch resu1t1ng 1n further reduct1on

__of the cement1ng ab111ty of the matr1x

’1"3,3§2;,Amy18péctin; HI
AmyTopect1n has been shown to cons1st of a. Targe number of

E'ﬁcha1ns, each conta1n1ng an average of 20 25 &= (1 4) T1nked gTucose

're51dues The 1nd1v1dua1 cha1ns, wh1ch vary cons1derab1y 1n Tength from .

ifv;*about 10 to more than 100 gTucose res1dues, are 1nter11nked by a- (1 6)

- _g]ucos1d1c T1nkages ATthough these 1ntercha1n 11nkages amount to on]y ;f

vvtf4 5% of the tota] they have a profound effect on the moTecuTar shape 8

"T._( and propert1es of amy]opect1n (WOTfrom and Khadem 1965)

- _ Three cTass1caT modeTs have been proposed for amyTopect1n _ .

’”((1) the 1am1nated structure of Haworth et aT (1937) (T) the herr1ngbone

w(fstructure of Staund1nger and Huseman (1937), and (3) the randomly branched
fstructure of Meyer and Bernfe]d (1940) In each three types of cha1ns can

- j,_be d1st1ngu1shed (Peat et aT 1952) A- cha1ns wh1ch are T1nked to the '.:J‘



"g"nonreduc1ng cha1ns w1th1n the mo1ecu1e

‘»’ 27‘
'_mo]ecu]e by on]y a s1ng]e 11nkage from the potent1a1 reduc1ng group,
"B~ cha1ns, wh1cm'carry one or: more A cha1ns and are themse1ves 11nked to t
"“an adJacent cha1n by the potent1a1 reduc1ng group, and a s1ng]e C cha1n,:Aﬁ
v.wh1ch carr1es the on1y reduc1ng end group in the mo]ecu]e | |

The'three mode]s can be thought of as, structUres w1th rat1os of

[

‘v'A to B cha1 S. c]ose to zero 1nf1n1ty and one, respect1ve1y
'. Gung_—Sm1th et al (1970) have rev1sed the Meyer model based on ;hd
"'the 1nab111tv.of Cytophaga 1soamy1ase to remove branch 11nkages Jo1n1ng
.;ma1tosy1 un1t to the ma1n cha1nu A1though th1s mode1 t111 has the

’A B cha1n rat1o of un1ty, 1t d1ffers from Meyer S, mode 1n hav1ng on]y

"=ih_ha1f of the B cha1ns bear1ng subst1tuent A cha1ns; wh1 e ha]f have the1r ;[,

‘,.v B

Marsha]] and Whe1an (1974) have shown that the A: B cha1n ratwo 1s_

'dnot the un1ty of thefﬂsyer mode] but 11es in the range of 1. 5 2 6.

| tiThe1r\rat1o was ca]cu]ated from the reduc1ng power 11berated from f':

;;n1soamylose and 1soamy1ose pu]Tu]anase 1ncubated B 11m1t dextr1ns

. The: contrad1ctory resu]ts for the A: B cha1n rat1o may be duevto _5hf25
:the type of amy]opect1n ana1ysed, and also to errors in- measur1ng -
reduc1ng power (A]twe11 et al., 1980) French (1972) suggested a

'racemose form for amy]opect1n, wh1ch appears to account adequately for h;'f‘ i

) "'vmost of the known propert1es of amy]opect1n Rob1n et a] (1974), us1ng‘:

=,5enzymat1c debranch1ng techn1ques to e]uc1date the structure of 11ntner1—,r;"'

B p;zed potato starch proposed a potato amy]opect1n structure cons1st1ng

'fﬁ_of a]ternat1ng compact crysta111ne areas of cha1n c]usters wwth a degreev
‘7-fof po]ymer1zat1on of 15, and 1ess compact 1ntercrysta111ne areas r1ch |

‘1n a.1—6 ]}nkages, i
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3. 3 2 2 GeneraT Character1st1cs

‘ TMJ.. MoTecuTar we1ght vaTues reported in the T1terature for amyTopect1n

‘vary from 10 500 X 106, depend1ng on: the botan1ca] or1g1n, method of

"starch fract1onat1on, and method ot moTecuTar we1ght determ1nat10n . x S

'(Manners, 1978) The moTecuTar we1ght of potato amyTopect1n has been v'::"

7

'shown to be 30 X 106 (W1tnauer et aT 1955)‘and 50, x-10 (Greenwood

. -(1960) o

he phosphorus (P) 1n potato starch occurs 1n the form of o
N .orthophosphate (30 175 mg % ) ester1f1ed with the C6 hydroxyT group

of amyTopect1n (Posternak 1951 Pa]as1nsk1, 1980) The ester.phOSphate,;T?; L

‘-Tf fconfers on the amyTopect1n the propert1es of a- poTyeTectroTyte

':Furthermore the T1m1ted degree of branch1ng confers cons1derab1e

: ,'ﬁfTex1b1T1ty on the moTecuTe and enabTes 1t to respond to 1ts soTvent

' env1ronment by chang1ng the vo]ume 1t occup1es (Banks and Greenwood, ﬂ,f" o

a3

"3 4 GeTat1n1zat1on and SweTT1ng Character1st1cs of Starch Gra1ns

Starch gra1ns heated 1n the presence of suff1c1ent water exh1b1t{t'.'

i :ﬂan order d1sorder phase trans1t1on caTTed geTat1n1zat1on wh1ch resuTts

”:f1n near soTub1T1zat1on of the starch M1n1maTTy geTat1n1zat1on enta1Ts
':T(l) d1ffus1on of water 1nto the gra1n, resu1t1ng in hydrat1on of the |
:_starch, accompan1ed by granuTe sweTT1ng,_(2) hydrat1on - fac1T1tated "‘»
',he11x coil trans1t1on wh1ch 1s a. meTt1ng process, and (3) the Toss of.
TcrystaTT1n1ty of the granuTe as measured by Toss of b1refr1ngence and

' 1ts X ray d1ffract1on pattern

Var1ous methods have been used to study geTat1n1zat1on These , v:‘7;“

- ;T-f1nc1ude v1scos1ty methods such as amyTography (Bean and Osman, 1959,



.
hDah]e, 1971), opt1ca1 methods such as photopastegraphy (Seidmann, 1967;
uKa1numa-et al. 1968), and m1croscop1c exam1nat1ons of morpho]og1ca1
and po]ar1z1ng pattern changes (Watson,‘1964 M111er 1973) These -
‘ﬁ methods, however, are. 11m1ted by certa1n parameters such as concentrat1on
=change (due to Water evaporat1on), water measurement, starch/water ,a
N ratio and 1nab111ty of measur1ng ge]at1n1zat1on at temperatures above ‘
v . '

100° C (Wada et al. 1979)

D1fferent1a1 scann1ng ca10r1metry (DSC).isfwe11 suited;to

29

v1nvest1gate the phase trans1t1ons of starch water systems (Dbnovan,‘:»-a«s .

‘“1979 Donovan and Mapes, 19803 B111ader1 _t 1 1980) becauSe 1t9,f

_ta11OWSf (1) study of starch ge]at1nlzat1on over a w1de range of |

i starch/water rat1os, (2) determ1nat1on of ge]at1n1zat10n temperatures
above 100 C; and - (3) est1mat1on of trans1t1on temperatures
lv Y; Starch gra1ns heated w1th water to. temperatures s11ght1y 1ower
'than the ge]at1n1zat1on temperature undergo some phys1ca1 changes -

’ assoc1ated w1th ge]at1n1zat1on Thus, gralns swe11 but b1refr1naence{

:_’1s reta1ned (Gough and Pybus, 1971) Marchant and B]anshard (1970)

4;;us1ng a sma11 angle 11ght scatter1ng apparatus,,have shown by means of

'temperature Jump exper1ments, that two processes in wh1ch b1refr1ngence -

' 1s 1ost can occur s1mu1taneous1y, but at d1fferent rates, and that the o

L

'stab111ty of the crysta111ne reg1ons depends on the conformat1on of

_starch cha1ns 1n the amorphous reg1ons DSC stud1es on potato starckr\§

-,(Donovan, 1979) showed that two mechan1sms govern the 1oss of structure

B

of. the ordered reg1ons of the. gra1ns on heating: (1) in the-presencev;'
.;of excess water, swe111ng of - the amorphous reg1ons of the gra1n NS

B pl"str1ps" starch cha1ns from the ordered crysta]]1tés ln the process

ﬁknown as ge]at1n1zat1on, and (2) at 1ower water content the crysta111tesf

L



me1t at a higher temperature, thevme1tinghtemperature being a function

of water content., | | K o ; " -
WOotton and Bamunuarachch1 (1979) Donovan (1979) and Biliaderis

(1980) ‘have shown that decreases 1n ge]at1n1zat1on enthalpies (AH)"-

occur in the presence of limited amounts of water A Tower degree of

A d1sorder ach1eved by the starch dur1ng ge]at1n1zat1on of concentrated

]
starch/water systems was proposed as the reason for the decreased AH

\\J'

va]ues (Stevens and E]ton, 1971) Donovan (1979) has further suggested
that at 1ow water content the AH value ma1n1y represents the entha]py
- of me1t1ng of - the starch crysta111tes At h1gh water 1eve1s, however,v
the AH- va1ue can account for gra1n swe111ng, crysta111te me1t1ng |
g{ and hydrat1on of the starch mo]ecu]es Ge]at1n1zat1on temperature IS

a1tered by the add1t1on of certa1n chem1cals, some of which acce]erate

the d1srupt1on of hydrogen bonds to 1ncrease ge]at1n1zat1on temperature,

" whereas others 1nh1b1t ge]at1n1zat1on by act1ng as deso]vat1ng agents

(Leach 1965) Repre551on of ge]at1n1zatwon can be ach1eved by the
add1t1on of sod1um sulphate whereas sod1um nxtrate or urea 1ower the
ge]at1n1zat1on temperature Ester1f1cat1on o# ether1f1cat1on 1ower .'
ge]at1n1zat1on temperatures ‘and 1ncrease gra1n swe111ng However,~

| cross 11nkage re1nforces the strength of 1nterna1 bond1ng, as- ev1denced
by marked 1nh1b1t1on 1n gra1n swe111ng and so]ub111zat1on (Leach 1965)
| Po]yhydr1c a?coho]s and methanol were found to decrease the
ge]at1n1zat1on temperature of potato starch Th1s ‘was attr1buted to the
‘ 1essened tendency of the med1um to rupture hydrogen bonds (Ger]sma, E
1970) tMonohydr1c a]coho]s at 1ower concentrat1ons decreased the |

ge1at1n1zat10n temperatures, however at h1gher concentrat1on an

: 1ncrease was observed The 1ower1ng effect was attr1buted to the 1essened



tendency of-the‘medium to rupture hydrogen bonds and the increase to an
nassoc1at1on of solute mo]ecu]es | |
Sod1um ch]or1de has been shown to contro] starch swe111ng
Ganz (1965) assoc1ated the effect of saTt w1th the presence of
crysba111ne reg1ons in the starch gra1n which- have b1nd1ng forces of
vary1ng strengths or. d1fferent access1b111t1es In the 60—70 C range;
NaCT seemed prwmar11y to affect the weak forces or read1]y accessible
 regions- 1nvo]ved in swe111ng The author assumed that NaCT 1nh1b1ted
"; the‘"open1ng” of these reg1ons | | dd
. Bean and Osman (1959) showed that sugars de]ay ge]at1n1zat1on
-;by ty1ng up water moTecuTes, mak1ng them unava11ab]e for starch Gray
faand Schoch (1962) and Longley and Miller (1971) observed that polar
fsurfactants (e.g. higher fatty ac1ds, monogTycer1des), wh1ch compTex o
strong]y w1th the T1near fract1on, restr1ct the\swe111ng and soTub1T1—
zat1on of corn, potato and even. waxy sorghum starches over the past1ng‘
- range of 60- 95 C. The degree to wh1ch th1s effect was noted d1ffered
depend1ng upon the chem1ca1 compos1t1on of the surfactant the Tength of
‘the cha1n, and. the degree of saturat1on of the T1poph111c parts ’

GeTat1n1zat1on temperatures have been found to be dependent

;on starch gra1n size. The m1croscop1c sequence of events 1n geTat1n1za- '

t1on was foTTowed by Ster11ng (1974 1976) and Chung and Hadz1yev (1980) :

'Larger grains were found to undergo rap1d ge]at1n1zat1on The Tatter
‘,authors observed that potato starch gra1ns Tess than or equaT to 30 um
" in d1ameter rema1ned 1ntact even at 66°C. However, compTete ge]at1nlza—
tion was ev1dent at 70 C. o .

The swe111ng power of starch is a funct1on of temperature and |

-

genet1c or1g1n Potato starch sweTTS more and. at a- 10wer temperature
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than sorghum, but ‘it is much Tess: so1ub1e at. equ1va1ent degrees of
swelling. (Leach et a] R 1959) Starches of high amy1ose content are

gelat1n1zed on]y,w1th great d1ff1cu1ty, ) that b1refr1ngent

_ungelat1n1zed gralns may be found even after 30 min at 95%¢C (Leach et a1

1959) It can, therefore be-: presumed that swe111ng is part1cu1ar1y

'related to the quant1ty of branched moTecu]es (waldt and Kehoe, 1959)

‘The presence of 1on1zab1e ester1f1ed phosphate groups in potato_ ;

-bujstarch has been held part1y respons1b1e for its high swe111ng power

!
Q(Leach; 1965).

4

N _
3 5 Starch Retrogradat1on

The phenomenon of retrogradat1on of starch refers to the ag1ng

event in wh1ch there is. a decreased SP, WBC d1gest1b111ty by ac1ds or
h hydrolys1ng enzymes, 1od1ne aff1n1ty and co]d water so]ub111ty of the
ge] framework (Katz, 1928 1930 Volz and Ramstad 1952 Sterllng, o
_‘1957) As time ~goes on, the ge] shrinks, becomes more opaque and more .
- r1g1d and often may eXude m01sture (Ster]1ng, 1960) Retrograded starch

z cannot be ge]at1n1zed, a]thoogh At can be reso1ub111zed by heat1ng to

”g h1gher temerature.. Retrogradat1on is due to. para11e1 assoc1atlon of

:'starch molecu1es (Heliman et a1 s 1954 He]]endoorn, 1971) \1n wh1ch
.bhydrogen bonds are formed between hydroxy1 groups of starch mo]ecu]esb
, (C0111son, 1968) | '

Katz and Van Ita111e (1930) revealed that retrograded ‘gel .

| ';always displays the “B" pattern regard]ess of the 1n1t1a1 crysta111ne S

pattern of the nat1ve starch. Katz (1930) -and. Bear (1942) showed that
- fresh]y prepared corn: starch d1sp1ays a "V'- pattern when prec1p1tated‘

with a1coho1 Dur1ng retrogradat1on, the a]coho] prec1p1tated paste
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gradua]]y shows an increasing intensity of the "B"- -pattern (Katz, 1930) -
and a decreas1ng 1ntens1ty of the "Y' _pattern. However, Zobel (1973)
: reported that freshly baked bread w1thout added surfactants, shows
~only ”V"—crysta111n1ty due to amy]ose reacting w1th the natura]]y
_occur1ng fatty acids in wheat f]our Durlng retrogradat1on, the amorphous
starch crysta111zes ("B" type) wh11e the 1ntens1ty of amy]ose comp]ex

“

_("V" type) rema1ns v1rtua11y unchanged However, bread with added
_surfactants showed 1ncreases 1n 1ntens1ty of. "V” 11nes dur1ng -
Z_retrogradat1on The h1gher o 1ntens1t1es conf1rmed that comp]ex ;
,formation takes p]ace between these'surfactants and,the amy]ose |
fract1on | o | :

The rate and extent of retrogradat1on are found to be 1nf1uenced -
by a number of factors, such as chawn 1ength (Wh1st1er, 1965), 11near1ty |
of cha1ns (Lamp1tt et al. 1948), ester1f1cat1on and ether1f1cat1on of
._istarch‘(Greenwood and Hourston, 1967), temperature (Katz, 1928;

Ster11ng, 1960 Co]we]] 1969; Kalb- and Ster11ng, 1961b), time (Brenan
- a nd Sodah Ayernor, 1973 Kn1ght1y, 1977 McIver et al., 1968)

: surfactants (Zobe] 1973), temperature of ge]at1n1zat1on (Ka]b and
Ster11ng, 1961a) mo1sture content (He11endoorn, 1971), cat1ons and
';an1ons (C1acco and Fernandes, 1979), type,of_starch (Loewus and
:Briggs; 1957), mo]ecular weyght of amylose (Lanshy”gt_aj., 1949)'and}-
‘_pH (Ka]b and Sterling, 1961b). L S

A The opt1mum cha1n 1ength for retrogradat1on corresponds to. :
-nii'reduced v1scos1t1es of 0.45- 0 56 for potato amy]ose (wh1st1er 1965) |
Mo]ecu]es sma]]er or b1gger than th1s do nof assoc1ate as complete]y

In contrast to amy]ose amy]opect1n retrogrades very s]ow]y

’»Molecu]es of amy]opect1n because of their branched nature can assoc1ate



. only w1th d1ff1Cu1ty (Lampitt et al., 1948). In a normal starch

v”d1spers1on ‘the retrogradat1on of amy]ose is, retarded by amy]opect1n

\‘-‘The rate and extent of retrogradation of any particular amy]ose-amy]opec—

"~ tin mixture varies in direct ratio with the amount of amylose present
(Radley, 1953) | | |
Mod1f1cat1on of native starch through ester1f1cat1on or
ether1f1cat1on has been shown to prevent excessive parallel alignment
of amy]ose cha1ns due to ster1c h1ndrance imposed by the1r bulky groups

(GreenWood and Hourston, 1967)

/ . _
" The assoc1at1on of starch mo1ecu1es 1n retrogradat1on has been .-

found to be temperature dependent A maximum rate is reached at -2° C

(Katz, 1928y Sterling, 1960) getrogradat1on is m1n1ma1 at. or above -

© 60°C or be owv-20°C (Ster]ing, 1960) . However Lamp1tt et . a] (1948) -

showed that retrogradat1on 1s the same- at 37 C as at 62 C in 2% pastes

of corn and potato starch Ster11ng (1960) reported that 13% starch

_ge] at 70 C became 1ess d1sperswb1e than that held at room temperatureg

Thus, d1screpanc1es ex1st 1n the effect of storage temperature on

retrogradat1on

~

The rate of retrogradat1on cont1nua11y decreases w1th t1me

| -:McIver et al. (1968) stated that the k1net1cs of retrogradat1on c0u1d

'be represented by the theory of Avram1 (1939 1940). The Avram1 theory
app11es most accurate]y to the initial ‘stage of the crysta111zat1on

‘ when the nuc1e1 are form1ng and grOW1ng ' '

| The Avram1 equat1on is. expressed as: :9 cexp (- Ktn). \

where 0 represents a noncrysta111ne port1on of a mater1a1 after a time

B "k" is a parameter designating crysta] growth and "n f is the

a'character1st1c of nuc]eat1on that produces a new phase change and can be
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expressed by integers from 1-4. The Avrami exponent (n) indicates various

L)

types of nucleation and growth of a system. Since n values obtained by

various workers (Colwell et 1.; 1969; Axford and Colwell, 1967;
W1]1oft 1971) are essentially equal, retrcgradation of starch gels
apparently involves instantaneous nucleation followed by the rod-1like
growth of crystals. . |

, Surfactants reduce the rate cf retrogradat1on by reducing- the
: hydroph111c characteristics of the starch so that the normal molecular

.a11gnment of starch chains w1th each other and with water fails to
occur (Zobel, '1973). ~ - - | -

| Ka]bmand Sterltng (1961a) found that the higher the tempeiature
- to wh1ch star?h is heated dailng gelatinization (greater the eisper§a1
-of starch molecules), the .

' Hellendoorn (1971)'" Jed that in dry ‘mashed potato products )
the ratelof retrogradat1on 1ncreases rapidly with decreas1ng moisture
“content. and reaches ‘a maximum at a mo1sture content of approx1mate1y

| 30%. The absolute minimum of retrogradat1on is reached when only a
.monomo1ecu1ar layer 1s,reta1ned, e.g. at a mo1sture contedt of 7%
(Duckvorth and Smith, 1963). - .

The effect of var1ous jons on the mode and kinetics of
retrogradat1on of concentrated wheat. starch gel was stud1ed by Ciacco
"and Fernandes (1979). The retrogradat1on rate for the ha]ogen an1ons
increesed,in‘the f0110w1ng order.’I , Br-, C1 and F~. The retrogradation
' rates-for cations increased in the fo]]owtng order:»K+; Ltf and Na+.

F

The resu]ts obtained were dependent on the charge diStribution of the

6

‘anions stud1ed

Kalb and Ster11ng (1961b) showed that the effect of .pH on
L JoN |

-

gtﬂwﬁr is the rate of retrograda@non 4
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Lédretrogradat1on rates‘depended on- tlme of pH adJustment AdJustment of
'pH before ge]at1n1zat1on resu]ted in max1mum rates of retrogradat1on A@7
Cat pH 5- 0 1n agreement w1th Ho]]o s (1960 a b) f1nd1ngs on butano] |
fprec1p1tated starch However adJustment after ge]at1n1zat1on resu]ted'ﬂ
hf‘fan max1mum rates be1ng shown at pH 1 3 2 2,,1n agreement wath Sch0ch
| /ii'(1941) e ,7“‘,.7 lr':‘ir;ﬂ{;e‘l__” i '
| Retroaradat1on of starch wh1ch occurs dur1ng precook1ng,
‘fcoo11ng and cond1t1on1ng steps (A B process)‘and dur1ng ths “reezing
\fstep (F T process), reduces water absorbance and therefore, the
| ;swe111ng capac1ty of the ge] Th1s 11m1ts the degree to whlch t1s ue
‘*cells are d1stended and separated resu1t1ng 1n greater f1Kmress and
hireduced s]ough1ng ofycooked potatoes (Potter et a} 1959)

B S . o
. \ o P

gl PECTIC SUBSTANCES
‘ Pect1c substances are polyga;acturon1des w1th non uron1de

:i,carbohydrates cova]ent]y bound to an unbranched cha1n of 1 4 11nked
o ga]acturon1c ac1d un1ts The carboxy1 groups of the ga1acturon1c ;’j; .

-

_ac1d are part]y ester1f1ed,vwh11e free groups are _more or 1ess L s S

e 'aneutra11zed The monomer s thought to. have the 1 conformatlon Thefk"

| ;g1ycos1d1c bonds are, therefore, of the ax1a1 ax1a] type wh1ch cabsesitf'

‘the po]ymer cha1n to have a screw 11ke ax1s w1th a tendency to con]

o

(P11n1k and Voragen, 1970)

D1screpanc1es appear 1n the 11terature w1th respect to the
TR,

*'.amount of pect1c substances in raw tubers On a dr”ﬁﬁeighﬂlbasis,(;:

- reported amounts are O 7 1. 5% (Potter and McComb 1957)‘4'5~4 8% v |
2(Jaswa1 1969) and 2 4 3 9% (Hoff and Castro, 1969) D1screpanc1es can{i"f ":ﬁ;*?

'*'f‘be exp1a1ned as be1ng:due to d1fferences between ana]yt1ca1 techn1quesi ”ﬂef o

PR
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- app11ed as weTT as between sampTes

T

3 Pectlc substances in raw tuber ex1st in the form of protopect]ﬂ,
$

the water 1nsoTubTe parent substance, and pect1n, wh1ch is: composedkof
water soTubTe pect1n1c ac1ds The rat1o of protopect1n to pect1n was |
found to change W1th storage temperature (Sharma et aT 1959) and f
':;'d matur1ty,kvar1ety and cu]turaT pract1se (Bette]he1m and Ster11ng, 1955
L1nehan and Hughes, 1969) Raw potatoes were found to be Tow 1n pect1c "vdj‘ri

substances in both water soTubTe and ca]gon so]ubTe fract1ons

<

(00ra1kuT_e__aT‘, 1974) The water soTubTe fract1on appeared to be h1gher

than the caTgon soTubTe fract1on Furthermore, cook1ng was found to v".
cons1derab1y 1ncrease the apparent totaT (water + ca]gon soTubTe i

b

fract1ons) These observat1ons Ted to a suggest1on that 1on1c bonds are

Sl (‘\
- \‘z\
J
v-not 1mportant 1n the structure of protopect1n Thus, 1t appears that,

: n};cfas suggested by Doesburg (1965) phys1ca1 enmesh1ng of the poTyuron1des

, iin the‘ceTTuTos1c f1bres of the cw s, and other bonds ex1st1ng 1n cw s '-“

‘c;,and ML are more 1mportant Th1s fract1on of enmeshed po]yuron1des was S
Q,ffound to be soTub1T1zed by HCT (BetteThe1m and SterT1ng, 1955 |

' :‘Oora1kuT et ab;$

'1974) , | S
Hoff and Castro (1969) showed that only one han of the pect1c

;ﬁf»substances 1soTated from potato cw were poTyuron1de compounds The ‘Q.f'v

'f_‘rema1nder was found to be sugars /ma1n1y gaTactose

. 5 MONOGLYCERIDES

-

o 75 1. Prepa*at1on and UseS/of Monog]ycer1des and The1r Der1vat1ves

MonogTycerfdes have been u5ed 1n the food 1ndustry :'ge_1921




L3g

'..5surfactants,'of uhﬁch'monoglycerides andVthetr‘derdvatives:totat about i
75% oni a volume bas1s (Krog, 1981) " . | o .
' Most monog]ycer1des are prepared by the base cata]yzed 1nterest- -
: r1f1cat1on react1on of excess g]ycero] d1rect1y w1th a tr1g]ycer1de at
.bea temperature of 200 C (Laur1dsen, 1976) Up to about 65% monog]ycer1de f' R
- can- be obta1ned by u51ng a reasonab]e excess of g]ycero] and carefu]]y
v'fcontrol11ng the react1on cond1t1ons At the end of the ester 1nterchange, i
_‘the cata]yst 1s neutra]nzed and the excess glycero1 removed by vacuum -

7str1pp1ng (P1tt 1971) To obta1n h1gher concentrat1ons, the mono— and ‘

i d1g]ycer1de m1xture 1s d1st111ed under h1gh vacuum (O 001 mm Hg) 1n

.:centr1fuga1 mo]ecu]ar st111s The resu1t1ng d1st111ed monog]ycer1de o
.*[cons1sts of about 92 95% tota] monog]ycer1de w1th the rema1nder be1ng
‘wpr1nc1pa11y d1g]ycer1de (Laur1dsen, 1976) ‘
‘ Monog1ycer1de cons1st of a: hydrophob1c fatty ac1d cha1n tf:,
:°:hester1f1ed to the hydroxy1 group of g]ycero] Industr1a11y used |

p fmonog]ycer1des possess fatty ac1ds w1th cha1n 1engths vary1ng from »-*t
“"C : Both the fatty ac1d cha1n 1ength and ~dégree- of unsaturat1on‘l

12 18'
'are 1mportant for the funct1ona1 propert1es of monog1ycer1des (Krog, 1981)

to C

J«"‘

i The surface act1v1ty ‘of monog1ycer1des 1s c]ose]y re]ated to the1r

~f'-chem1ca1 structure THe hydroph111c/11poph111c ba1ance (HLB) of a g*fv"

":vmonog]ycer1de depends on hydroph111c1ty of the po]ar group in re1at1on

[l

ig'to the 1k§* ﬁ11c1ty of the fatty ac1d group (Krog, 1981) A]though S

R monog]ycersdes functlon as exce]]ent soften1ng and sta11ng retardant B

agaﬁts (Kﬂlght1y, 1968) the1r 1ow HLB va1ue (De] Vecch1o 1975) makes
~ them 1neffect1ve Ls dough strengtheners However thlS 11m1tat1on has o

.”_'been overcome by %thoxy1at1on and succ1ny1at§§§30r by react1on of '."'

S monog]ycer1des w1th d1acety1 tartar1c ac1d (P1tt 1971)



5.2.nCrysta111ne Behaviour and'Lyotropic Mesophases}:
Mo]ecu]es in-a monog]ycer1de crysta] are arranged in. such a

‘ manner that the termlnal methy] groups of the hydrocarbon cha1ns make

i up the surface 1ayer wh11e the hydroxy1 groups are w1th1n the 1nter1or‘a'

of the un1t ce11 Th1s is the so ca11ed B- crysta111ne form (B1rnbaum,

PR T

x 1971) When monog1ycer”*

: temperature close to \ “;ang po1nt the hydrocarbon cha1ns become
L 11qu1d and at the sam t1me water penetrates between the po]ar groups

and a 11qu1d crysta]11n mesophase 15 formed If the temperature 1s

] ;1ncreased further the 1ame11ar structure may breakdown, resu]t1ng 1n

- the format1on of hexagona] or cub1c structures (Krog, 1981) :On- coo11ng£,,.

below the me1t1ng po1nt the hydrocarbon cha1ns crysta1]1ze agaln, %

| f norma]]y in the &3 CPySta111ne form In th1s forin- the hydroxy] groups ”:"“’”'

make up the surface 1ayer wh11e the hydrocarbon mo1ety is w1th1n the

1.1nter1or of the un1t ce]] The same vo]ume of water may st111 be 1ocated

'1 between the 11p1d b11ayers, and a ge1 structure cons1st1ng of b1mo1ecu1ar
11p1d 1ayers a]ternat1ng w1th water 1ayers 1s formed In th1s phys1ca1
state monog1ycer1des react opt1ma11y w1th amy]ose (wren, 1968 Krog and
Jensen 1970) The mesomorph1c behav1or of monoglycer1de5ﬂ\n water has‘”'
a]so been 1nvest1gated by Lutton (1965) Larrson (1967 and}Krog and

Laur1dsen (1976)

5.3, Physica1'State1anthunCtionality.;.

Wren (1968) and Krog and Jensen (1970) found that the most

effect1ve monoglycer1des 1n breadmak1ng exh1b1t a- crysta111n1ty The1r

B resu]ts demonstrated the need for hydrat1on of the monog]ycer1des pr1or ’

o to use By mak1ng such a product the spec1f1c surface of the |

39

&Gnystals are m1xed w1th water and heated at a ;.'.




""powdered product (Krog, 1977) An a]ternat1ve for hydrat1on wou1d be

40

| monog]ycer1des is 1ncreased about 700 t1mes compared to a norma]

-

¥ to a]]ow the monoglycer1des (wh1ch ex1st norma]]y 1n the B form) to .

'{:crysta111ze 1n o= crysta111n1ty form in the presence of propylene g]yco]

‘,; m&nostearate (B1rnbaum, 1978)

| _components, and these 1mproved resu]ts are obta1ned at equ1va1ent HLB

Ev1dence has been prov1ded to the effect that a mu1t1component =

o monog]ycerwde system performs better than any of 1ts 1nd1v1dua1

V

:values (Kn1ght1y, 1968 Oora1ku1 and Hadz1yev 1974) Accord1ng to*(‘-_‘ :;vffw‘_-'

: Kn1ght1y (1968) th1s m1ght be due to the format1on of stronger

‘- conf1gurat1on and form a: more c]ose]y packed 1ayer on m1ce11e surfaces;b'f’

”_w1th fewer 1nterst1t1a1 vo1ds

",i’monoglycer1de m1ce11e f11ms s1nce 1t is. conce1vab1e that severa]

'_'surfactants may f1t together more 1nt1mate1y because of structura1 ;f .

L s - : g




©CTIT. "EXPERIMENTAL

1.  POTATOES.

I

| Potatoes used were cv. Russet Burbank (”Netted Gem“) with'
}'.;spec1f1c-grav1ty of 1 096 O 0oz (correspond1ng to a dry matter content |
of 25 0%) grown under 1rr1gat1on 1n Southern A]berta ' |
The tubers were stored at’ 4 “C and, were recond1t1oned at 24 C for} -
'n_:10 days before use, Prox1mate ana]ys1s gave the foTTow1ng percentages |
"on a dry matter bas1s of peeTed tubers crude prote1n 8.8; fat 011 0. 5
ude f1ber 2 5, ash 4, O and starch 75 0 AmyTose content -of the starch

:~a_was 21 2% as: determ1ned by potent1ometr1c t1trat1on w1th 1od1ne (Chung

B

B ,fand Hadz1yev 1980) '“

V.EZ,;lCHEMICALS
1= monogTycer1des w1th fatty ac1d chaan Tengths of C8 C18’ 99%

f'pur1ty and onTy traces of the 2- 1somer were obta1ned from S1gma Chem1ca1

N'f“;Co 5 St Lou1s, MO Fatty ac1ds of cha1n Tength C8 20 and 95 98% pur1ty S

:T_were from Eastman Kodak Co., Rochester NY. The C16-emuls1f1er,

’ »:‘conta1n1ng at Teast 90% d1st111ed monog]ycer1des (der1ved from hydroge— ,} T

“,nated palm” 011 wh1ch had been enr1ched w1th pa1m1t1c ac1d), was - from

'f»VauxhaTT Foods Ltd VauxhaTT ATberta

'7 /f . The C18»emuls1f1er aTso conta1n1ng¢at Teast 90% d1st111ed
'\mondgTycer1des (der1ved from hydrogenated soybean 011 wh1ch had been

-.ipart1a11y enr1ched w1th pa1m1t1c ac1d) was from Eastman Kodak Go "

'.Rochester, NY GTutaraTdehyde and osm1um tetrox1de (EM grade) were from
/

' ”‘”Polysc1eneés, Inc, Warr1ngton, PA and Stevens MetaTTurg1caT New York

“_:NY respect1ve1y C1trus pect1ns‘(of vary1ng degrees of ester1f1cat1on)



~were from Frank Dempsey and Sons; Quebec, Canada AT other~chemicals-

USed in this study were of reagent grade and were supp11ed by F1sher
‘ L’

f

‘Sc1ent1f1c~Co.s

EQUIPMENT

| Centr1fuges used were Beckman Centr1fuge ModeT J 21 B, JA-14
‘rotor (Beckman Instr Inc, PaTo ATto, CA), and Internatxona] Centr1fuge,
s1zey2 (Internat1onaT Equ1pment Co Boston, MA) B
| : Starch gra1n s1ze d1str1but1on was anaTysed with a CouTter -
: Counter ModeT T us1ng a counter tube of 280 um aperture d1ameter
V1scos1ty measurements were done uS1ng the NV sensor system of
‘a Haake Rotov1sco ModeT RV 3 (Haake, KarTsruhe Germany) | |
. X ray d1ffract1on patterns were recorded on a Ph1T1ps ModeT vf,lﬁh

:Pw 1011 60 d1ffractometer equ1pped w1th a curved crystaT AMR monochro—

-:Qmator CoTor1metr1c measurements were made w1th a Un1cam SP 1800

£ R

,vapectrophotometer (Pye Un1cam Ltd Cambr1dge, U K. )

. GeTat1n1zat10n and other phase trans1t1ons were recorded on a o

' 5Du Pont ModeT 990 d1fferent1aT scann1ng caTor1meter (DSC) w1th a -“ |

ﬂf910 ceTT base (Du. Pont Co W1Tm1ngton DE) | -T | | »

| | An OTympus ModeT EHA m1croscope equ1pped w1th a camera’(OTympus':

i Opt1caT Co Ltd Tokyo Japan) was\zsed to determ1ne the count of" 1ntact?:”C
”‘sound ceTTs ’ B : e

The ETectron m1croscope userd vas a Stereoscan 15015cann1ng :

';eTectron m1croscope (Cambr1dge Sc1cn. ic Instruments Ltd Cambr1dge,_ E
_EngTand) The freeze dryer used in SEM work was an Edwards Pearse T1ssuefﬁ,}

:'Dryer from Edwards H1gh Vacuum Mfg, CrawTey, Sussex U K

Infrared spectra of the emuTs1f1ers were recorded in NUJoT by



y

, ' .
using a N1c01et series 7000 Four1er transform IR spectrophotometer
'(N1c01et Inst Co, Mad1son WI) |

o The fatty ac1d methyl esters of the C16 and Cig—emu1sifiers
were separated on a Hewlett packard M 7620 gas chromatograph equ1pped'
with FID detectors and dua] 1.5 m.x 4mm I.D. glass co]umns packed w1th .
8% SP- 2340 cyanopropy] s111cone on Gas Chrom Q 80/100 mesh- (Supe]co
Inc, Be11efonte, PA). .

‘ . Equ1pment used dur1ng proceSSJng of potato dranu]es was abrasive
Apotato pee]er Model 6115; getab]e s11cer Mode] H 42123 K1tchen Aid
*m1xer equ1pped with a f]atAﬁiater, a11 from Hobart Mfg Co Don M111s, 1 d
'0ntar1o, sta1n1ess stee] trays (60 X 46 cm), air b]ast freezer w1th
m1n1mum a1r temperature of 29 C and air ve]oc1ty of l 42 m3s 1;4: o
'hn, Manesty Petr1e f1u1d bed dryer, Mode] MP 10.E. R equ1pped w1th a st1rrer "
‘,: as des1gned by Oora1ku1 (1973) from Manesty Mach1nes Ltd. Speke,
’L1verpool Eng]and, speedomax 12 po1nt temperature recorder (Leeds '

'Northrup, Canada Ltd) ‘Eanad1an standard s1eve ser1es and portab]e
: 51eve shaker (w S. Ty]er Co Canada Ltd St Cather1nes, Ont) |
| Other equ1pment used was forced draft 150 temp oven and
serolog1ca1 bath both from F1sher Sc1ent1f1c Co., Ltd Caframo type
tRZR 1-64 st1rrer (Caframo Ltd w1arton, Ont) Lo Temptro] Water Bath

‘-(Prec1s1on Sc1ent1f1c, Ch1cago, IL), vacuum oven (Nat1ona1 App11ance

' -Co,ng0k1e, IL)s Be]]*st1r heavy duty magnet1c st1rrer (Be11cp;G]ass"’

- ;Inc;»vtneTand NJ); wrist- act1on shaker (Burre] Co, P1ttsburgh PA);

E uBuhler—T1ssue D1s1ntegrator (Edward Buh1er and. Co, Tub1ngen, Germany)

~'Buch1 Rotavapor (Buch1 Glasapparate Fabr1k F1&m}l w1tzer1and)



. in a desiccator. .

""%4. METHODS.
_4.1. Characterization of Potato Starch and Tts Monoglyceride Complexes..

- 4.1.1. Isolation of Native'Starch’Grains from Whole Tuber.

e

The washed and d1ced tubers were dipped in ice- co]d water ,
' conta1n1ng 100 ppm NaHSO and homogen1zed at Tow speed 1n a war1ng

b]ender The sTurry was. squeezed through a 100- mesh poTyester sieve

cToth and the f11trate centr1fuged at 700 X g for 15 min. The supernatant .

and the amber brown Tayer of prote1n atop the starch Tayer were removed

by suct1on Further pur1f1cat1on was ach1eved by repeated suspens1on in.

"water, centr1fugat1on and removaT of. contam1nat1ng prote1ns and ceTT

debr1s The purified. nondefatted starch was dr1ed overn1ght at{30 C in a

4'vacuum oven to d mo1sture content of 12 57 and then kept in a des1ccator _

'»‘over P 05 Before ana]ys1s the res1duaT mo1sture content Was determ1ned
" by heating at 130°C for 1-h. 2
'v4 1.2. Starch Grain STZE D1str1but1on W1th1n Potato Tuber-:.

: The procedure used was as out11ned by W1111ams (1970) A.S% ’
(W/W) solut1on of NH4SCN in 1soprgpan01 was used as the eTectroTyte for |
depers1ng_the starch gra1ns Pr1or to ‘use, the eTectroTyte was f11tered
through‘MiTTipore:fiTter pads (type AA) w1th a stated poros1ty of 0.8 .

_The aperture d1ameter of. the counter tube was 280 pm

4 1 3y SoTub1T1zat10n

v The T1ntner standard method for soTubTe starch preparat1on was
'foTTowediﬂPotato starchvwas treated for 3 days at 40°C WTth 1.5bt1mes |

© its volume of 7.5% HC1, after which it was thoroughly washed and dried

| :‘_//-’

44
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4.1.4. Starch- Fatty Acid CompTex Preparat1on

EquimoTar weightsv(l.O mmoTe) of 1- monog]ycer1des were d1spersed
‘in 20 'ml water preheated at’650C and st1rred for 15 min, after which
3. 5% (w/w) of the transTucent emulsion was added to 5 g dry starch-
suspended in 100 mT water. and heated at 50 C with gentTe st1rr1ng for
12 h (f1naT concentrat1on of the,monoglycer1de was 0. 7 mmoTe per 100 g
-starch dry matter) The suspens1on was centrifuged at 20000 x g for
[15 min, theh the ‘sedimented comp]ex was washed w1th water and dried” 1n
‘ a vacuum oven at 30° C. The compTexes were stored 1n a des1ccator over
PZOS' The res1duaT mo1sture content was determ1ned by heat1ng ft 130 C
for 1 h. |
| CompTexes were also prepared from fatty ac1d K-salts. The fatty
ac1ds were neutra11zed with aTcohoT1c 1 N KOH. The alcohol - water |
mthure was then removed by d1st1TTat1on under vacuum Equ1m01ar, ;
1.0 mmo]e ambunts of salts were dlspersed in 20 ml water and heated ' ”ﬂxﬂ~—¥~f4-
“at 70 ¢ for 25 min. The emuTs1on was added to an aqueous starch ) |
'suspens1on (0.7 mmo]e per 100 g starch dry matter) and - heated-at 50°C
'w1th gent]e st1rr1ng for 12 h The suspens1on was adJusted to pH 4.5
}w1th 2 N HCT and f11tered on a Buchner funnel. The reta1ned"c0mp1ex

was thoroughTy washed w1th de1on1zed water and ‘then dr1ed in a vacuum

| oven'at 30'C, - | L s o “ LT N

‘~‘4 1 5 Starch Swe111ng Power and’ SoTublllty

The procedure used was as’ outT1ned by Schoch (1964a) w1th slight
mod1f1cat1ons A s1ng1e point character1zat10n was done at 85°C. A starchr
Sa/p%e of 0 5 g was suspended 1n 180 ‘ml de1on1zed water in a prewe1ghed

_Acentn1fuge bott]e and st1rred at 200 rpm w1th a’ 1 98 X . 3 8. cin rectangu]ar

s

T L.

¢
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'sta1nTess stee] padd]e 1n1t1aTTy for 3 min at 24°C and then for 30 min

.at 85. 0 0.1 C The content was then adJusted with, water to 100 ml,

m1xed gently and centr1fuged for 15 min in a sw1ng1ng ‘bucket rotor at

1200 X g. The supernatant was removed by suct10n, and the soTub]es
:presen%?determ1ned from a 50 mT aT1quot The swe111ng power (SP) of the\ } _
'starch gra1ns, expressed as the we1ght of. sed1mented paste per g ‘starch :

(dry matter), after correct1ng for the soTubTe starch was caTcuTated

as fOL]OWS: o T Wt of Sed1mented paste,.g x 100
S e SP=

Wt of Sample, g X (160 - % soTubTes, dry. bas1s)  ':§

;4 1.6. Starch V1scos1ty R | .

V1scos1ty measurements were done at a 0. 3% (w/v) opt1ma1 starch
geT concentrat1on u51ng the NV sensor system of the Haake Rotov1scometer L

at.a rotor speed of 90. 5 rpm Starch suspens1ons were heated in a waterpf

bath for 30 m1n at 50 60 70 and 80 C, and 20 ml aT1quots were ‘taken

for assay. ‘The sensor system and the cup were. kept at»the same

temperature V1scos1ty was recorded for 3 min and was expressed 1n
'scent1po1se (Cp). | .

4. 1 7. X ray Diffraction.

| X -ray d1ffractxon patterns of powdered starch samp]es were.
recorded us1ng copper K(x rad1at1on (1 5418 A) w1th a time constant of
.4 sec scann1ng anguTar veToc1ty of 1° 20 and a chart speed of 1 cm/m1n
_SampTes were denseTy packed 1n an. Al-holder, w1th precaut1ons taken -

‘.aga1nst granuTe damage. o o -_,‘ L



:4;1.8. TurbidTmetric MeaSurements.‘_-

Starch sampTes suspended in de1on1zed water (0.1% starch dry
matter per 100 ml water) were ‘heated at 80.0 = 0.1 ¢ for 30 min. The,
»percent transmittance at. 520 nm was read in 1 cm ceTTs at 80 C or, o

after cooling, at 25 C..

.\4;1L9.4D1fferent§a1'Scanning CaTorimetry.

o

4.1.9.1. GeTatinization and Phase Transition Temperatures.

Water was added with a micro syr1nge to natlve starch (2 15 mg)
}and‘compTexed starch samples (1.75,mg) in DSC pans, then the pans were

~sealed, reweighed and- aTTowed to stand for 3 h at room temperature.

"vThe amount of- water added was expressed as the voTwmf fract1on of water,

_2 v1, wh1ch equa]ed the totaT voTume of added water -ions1ty 1.00)

divided by the total volume of starch (dens1ty 1.56) plus water: The Lo

[‘analyses were performed at a heat1ng rate of 5 C /m1n, using equaT ' R
amounts of water or empty pans as a reference. |
The ceTT caT1brat1on coeff1c1ent was determ1ned from the known

heat of 1nd1um fusion (6 79 mcaT/mg) and from spec1f1c heat vs tempera-

’

ture of a sapphire standard
| Trans1t1on temperatures were recorded from a pTot of heat fTow

vs temperature (30-140 C) The onset (t ) peak (tp) and end of

; transition ttm) were given in C The geTat1n1zat1on temperature

' recorded in the presence of excess water was designated as G while that

of the most perfect crystaTT1tes was M1 and of starch~monog]ycer1de %

"_compTex, Mz,' A |

' The experwmenta] data for var1at1ons in trans1t1on temperature

ﬁ« Pl
it g g
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N free I, (Schoch, 1964b). . | o \
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.}

T ( K) with v were p]otted accdrd1ng to the F]ory-Hugg1ns equat1on
(M- - .Aﬁ ,\ _ vy, volume fraction
' ' P R, gas constant

i

11 ‘ o S 2 AHU, enthalpy of fus1on per repeat1ng
____= (R/AHU) (VU/V])(\)I - X-l\)l) (1) unit
T o _ v,/ V1, ratio qof the mo]ar volume of the
m m : repeating unit to the molar

B volume of the diluent
1 1 o ' o Xy, Flory-Huggins polymer-diluent
— ——= (R/pH}) (Vu/V]) (1 - vﬁs (2) - interaction parameter
T, ' o T transition temperature

£ 10, melting’ po1nt of the most

. L -perfect crysta111tes
while the entha]py~of fusion per repeatlng glucose unit of starch, AH
"was derived from form (2) of the same equat1on Eq- (1) g1ves a 11near
'h re]at1onsh1p between 1/T and vl, hence, when X.| =0, the intercept at
’v1-0 g1ves the rec1proca1 of the trans1t1on temperature of the most
perfect crysta111tes, 1/T . A plot of the 1eft hand side of Eq (2)
aga1nst V1 prov1ded the AH in Kca]/mole D- glucose un1t |

“The percent of bound amylose 1n~starch monog]ycerwde comp1exes was T -

\
determ1ned at v1=0. 85 from the endotherm centered at 104° C The entha]py

t of fu510n of the c0mp1ex was ‘taken as 7. \ cal/g amy]ose, as

by Kug1m1ya et al. (1980) The amylose c%ntent of the cv Net d Ge
- potato starch 21 5%, was determ1ned pote t1ometr1caf v from

”'?content of 1od1ne bound to starch by extr po]at1on to the_

N

’;4 1. 9 2 Water B\nd1ng Capac1ty - \.

"Bamunuarachch1, 1978) A 5 20 mg aliquot of starch1

v‘eqp111brated overn1ght, was sea]ed in a DSC pan,ﬁ
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at the cell platform, allowed to equ%librate 3 min, then heated to
40 Catl10C /min Endotherm areas of ice fusion were integrated and

- compared with those of known we1ghts of water. From the results of

at least 4 runs at different free vs total water‘contents, the amdunt
of bound water per g of starch or its'complex was equated to the total

water content extrapolated to the zero free-water level.

4.1.10. Scanning Electron M%crdscopf.

B

One drop of heated starch suspens1on was p1aced on a m1croscope
‘sl1de and frozen in 11qu1d Freon 12 cooled with 11qu1d N2 The sample |
‘was._ then freeze drled at -80° C, mounted on Al stubs with silver paste,
coated with 20 nm,of gold and examined at an acce]eratjng potential of

| 10 KV..Amy]ose nas_revealed.byfiodine staining as observed in 1ight
- microscopy. In a similar procedure;'the Tiquid N2 freezing Sten was -

replaced by drying the .drop of starch suspension overnight on a micro-

‘scope slide or Al-stub at room temperatdre in a desiccator over PZOS'
, 7h : :

4 2 The Effect of Monoglycer1des on Amy]ose Comp]ex1ng During a Potato

Granule Process
k]

4.2, Determ1nat1on of the Fatty Ac1d Compo§1t10n of C16' and C18 type
' Monog]ycerides '

The monoglycerides were sapon1f1ed w1th 50% ethanolic KOH under
ref]ux for 2 h. The react1on m1xture was then ac1d1f1ed w1th 10 N H2504,
the free fatty acids extracted by hexane, 'the extract dried over Na2504,
. and then the hexane was evaporated under vacuum and N,. The res1dua1

ac1d was’ d1sso1ved in excess methano1 and ref]uxed for 2 h in the presence
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8 of 1% su]fur1c ac1d The fatty ac1d methy] esters were taken up din pet
ether, then washed and recovered The esters were separated ona gas
chromatograph The carr1er gas was N2, 50 m]/m1n The 1n1t1a1

| : temperzture was held at 50 C for 5 m1n,.f0110wed by a 4 /m1n 1ncrease

0 200 C

,f” 4 2 2 Monog1ycer1de Ge] Preparat1on |

* 4 2.2, 1. 16-type Ge1 (pH 2. 3. 'g‘7'3f _j‘f.f‘.7~f"]”fivg'

'\"' A d1spers1on conta1n1ng IF parts of C]G-emuls1f1er in 85 parts S

‘i-of de1on1zed water was. heated at FS C unt11 a trans]ucent homogenous

Tfﬂfemuls1on was obta1ned It was then coo]ed to 24 C Wn order to form a’

t“fﬁ pTast1c sem1-trans]ucent ge] ff;a,fi”h,;’ftps“?w - f;j.‘“: e d".ﬂ{h i 'f

4 2 2. 2 018—type Ge] (pH 3 5) e T e e e T

j C]B-emuls1f1er (15 parts) was m1xed w1th 74 parts of de1on1zed ‘*'”
h water and heated at 65 C unt11 a c]ear'emu]s1on was formed Then 1. part
'f,of prop1on1c ac1d was added and the m1xture st1rred wh11e c0011ng to 24°CL533” v

“ffj 4 2 2. 30 Gel of pH 6. 5. ?,f;gg |

Emu]s1f1er (15 parts) was added to 85 parts of de1on1zed waterrf

i p.”vhnd heated to 65 C unt11 a trans]ucent emu]s1on was odta1ned It waS‘l?'

hen coo]ed to 24°C to form a pTastwc ge1 ‘ '

'A.4 2 2. 4 oe1 of pH°7 1 —;'}{;:T; | '~"i:”,f'f _j‘.f e ;~Q;J_,,;S;;;.;v%”

~.rff‘;“ The geT of pH 7 1 was prepared 1n ‘a s1m11ar/manner to the pH 6 5 geT

',“f except that 0. 3% K-stearate was added to the emu]s1on wh11e 1t was be1ng heated

el

vasd
C T

'_' . ' ‘\' ) .‘n/“ '
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4. 2 3 iExtent of Amy]ose Comp]ex1ng Wi
. ‘ ; S i . .
The ab111ty of monog1ycer1de to comp]ex starch was fol]owed byf .

;, rdeterm1n1ng the Amy]ose Comp1ex1ng Index of model systems cons1st1ng
. of undamaged nonge1at1n1zed starch gra1ns, so]ub111zed starch gra1ns, s

3so]ub111zed starch, and who]e potato t1ssue s11ces precooked, coo]ed

v,.steam cooked and mashed as. 1n an A B granu]e process The Comp]ex1ng

)X 100 where A. is:

: Index 1s def1ned as,(Acontrol oo A / Acontrol “-__j’

: 7 samp]e -
o 'the absorbance of the amy]ose - 1od1ne comp]ex at 680 nm.

S 4. 2 3 1 Comp1ex1ng w1th So]ub]e Starch f- -

_ | Add1t1ona1 so]ub111zat1on of 11 tner1zed starch was needed

:'slfA so]ub]e starchvsuspens1on was treatedpw1th 1 N KOH and kept at O C

_i;for 30 m1n, w1th occas10na1 st1rr1ng, neutra11zed w1th 0 5 N HC] and :)gz_;
lfthen adJusted to a- 0 1% so]ut1on by a d1ng de10n1zed water Emu]s1f1er ;i jy‘

| pfwas added 1n a range of 0. 1- 3 5%, aS/ca1cu1ated on a starch dry\we1ght -

’:4:}ba51s, and the m1xture heated to 60¢é and kept at that temperature ; g

‘_for 5- 35 min. The react1on m1xture as coo]ed to 24 C and centr1fuged at ‘-”

o ,;20 000 X g for 25 m1n A 5 . a11qdot of»the c]ear supernatant was .:k ,"

tvd11uted w1th an equal vo]ume of water and 1 m] was used for b]ue co]or 'NJf,

eve]opment w1th 1od1ne as descr1bed by G11bert and Spragg (1964)

"Vﬁ-The1r method was as fo]]ows To 1 m1 of the c]ear so]ut1on obta1ned

'”t;above was’ added O 5 m1 oﬁ N NaOHq Thws m1xture was warmed for 3 m1n j‘fL”

1,1n a bo111ng water bath After coo]1ng, an equ1va1ent amount of

A
3

: /L’d'fapprox1mately 1 N HC1 was added; foTToWed by 0 1 g potass1um hydrogen

AR
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: tartarate 45 mT d1st111ed water and 0 5 m* of 1od1ne soTut1on

kY v'?

(2 mg of 1od1ne/m1 20 ml of KI/mT) The so]ut1on was' then made up to

h‘SO mT m1xed and aTTowed to stand for 20 min at room temperature The»

"'absorbance was read at 680 nm us1ng @ l cm ceTT

f4 2, 3 2. CompTex1ng w1th Ge]at1n1zed §tarch Gralns

Batches of 5- 100 g potato starch were sTurr1ed 1n 3 parts water

%and heated at 70 C for 30 min. The sTurry was cooTed to 25 C over a-

5 5]per1od of 25 m1n and then steam cooked for 30 m1n The steamed starch

«I

"was cooTed to 50 60 or 70 C, and 0 5% emuTs1f1er was added aga1n -
o caTcu]ated on ‘a starch dry we1ght ba31s At 1ntervaTs of 5- 35 m1n, l%
'TCZ m] a11quots were taken, d11uted w1th 20. mT water cooTed to 24 % and

’then cTar1f1ed by centr1fugat1on as. above A 5 mT voTume of supernatant

fwas d11uted to 30 mT w1th water and 1 mT used for amyTose 1od1ne coTor ‘

'E

4 2. 3 3 CompTex1ng w1th Mashed Potatoe Q

[

’y'. . B \

PeeTed potato sT1ces 6. 4 mm. th1ck were 1mmersed 1n 0 5% NaHSO3

o 52

iand then precooked at 70 C for 30 m1n 1n Ak 3 (w/w) ratlo of tap water;~lib

Qe

"’v:cooTed to 24 C, and steam cooked The cooked sT1ces were mashed at

":"50 60 or 70 C and emu]s1f1%rs were added at a- TeveT of 0 75% caTcuTatethf o

'aon a tuber dry we1ght bas1_' Samp]es of 10 9 taken frqm the m1xed mash
vffat 5 35 m1n 1ntervaTs wereususpended 1n 100 mT water cooTed to 24 C
~and c1ar1f1ed by h1gh spejd centr1fugat1on as above A 5 mT a11quot of

;cTar1f1ed supernatant was used to determlne the Amy]ose CompTex1ng
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' 4 2 4 X ray D1ffract1on

_ The powder X -ray d1ffract1on techn1que for m1crobead and
i_:hydrated forms of emuTs1f1ers ‘was app11ed, in both cases w1th samp]es

‘ldensely packed 1nto an AT samp]e holder: The operat1ng cond1t1ons were

. as descr1bed in sect1on 4 LQ“'
: 4.2.5 Infrared Spectrophotometry

The 1nfrared spectra for m1crobead and hydrated forms of
emulsjflers were.recorded_1n NuJoT,, T : | ‘ ‘
3.2, 6"SCanning'ETectron:Microscopy.Tf- :
For scann1ng eTectron m1croscopy (SEM), sgyéréi.prbcedufe5‘ B

RSWEFE app11ed for sampTe preparat1on

'“lf4 2 6 1. Starch Suspens1ons

Starch suspens1ons, 0 1% 1n water were heated at 70 and 80 C S
o Y .JL o ‘;'j'“" oo
'for 10 30 m1n One drop of the suspens1on was pTaced on ‘a c1rcuTar o

‘ m1croscope cover gTass that had been cTeaned thorough]y w1th chrom1c

fﬂac1d The gTass was then hmmersed at an. angTe 1n 11qu1d Freon 12 coo]ed
"~*w1th T1qu1d NZ’ and kept in- th1s pos1t1on for 10 s or unt11 bo1T1ng
A _ceased The sampTe was: then freeze drled overn1ght at —80 C, mounted on :5,.

'f‘ AT stubs w1th s11ver paste and QOated w1th 20 nm of gon

"
V

4.2. 6. 2 Starch Monog]ycer1de CompTex Suspens1ons
: . E N " s ij . S R .
Starch monogTycer1de compTexes were formed from monogTycerﬂde

:’prev1ousTy d1spersed in water at 65 C for 15 m1n at a concentrat1on of
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)
. _4/ W , . ,
1. 8%. Th1s emu151on was ; then added to 5 g of starch suspended in 100 ml
.water 1n amounts correspond1ng to O 25 or 1 O% of pure monogTycer1des

per 100 g starch on a: dry welght bas1s The compTex was formed by. gent]y :

st1rr1ng the suspens1on at a temperature beTow that of starch

geTat1m1zat1on, i. e 50 C for 12 h Then the suspens1on was cehtr1fuged

'dj'at 20 000 x g for 15 m1n washed w1th water dr1ed in a vacuum oven

".5_24 C over P205 1n a des1ccator

1 at 50 C, and stored in a des1ccator over PZOS Before SEM study, hﬁd o
[0 1% suspens1on of starch emuTs1f1er compTex 1n water was heated for T

: _,5 30 m1n at the starch ge]at1n1zat1on temperatUre of 80 C Further =

F\.

'nf;preparatmomwof the sampTe foTJowed the procedure g1ven above

[Q"4 2. 6 3 Starch Suspens1ons SubJected to Dry1ng over P205

The procedure under 4 2 6 1 was repeated however,»the T1qu1d N2

J.tfreez1ng step was: replaced by dry1ng of. the starch suspens1ons, e1ther e
_ 7 e

':on the c1rcu1ar m1croscope cover gTass or d1rect1y on AT stubs, at

923

Qe
472.

é”-‘y 4 2 6 4 Monoo]ycer1de M1crobeads and GeTs

‘ The above m1crobeads or geTs were freeze dr1ed at 80 C and
-jcoated w1th 15 nm of gon for 1 5 m1n, us1ng the PeTt1er effect coo]1ng

k.dev1ce 1n order to avo1d heat 1nduced crysta111n1ty structure deformat1on

f;$.4 3 Effect of Monog]ycer1de and Storage Temperature on some Rehydrat1ng

Propert1es of PotatoveranuTes

‘";F_ 4.3. 1 GranuTe Preparat1on

The F T granuTes were prepared as foTTows potato sT1ces l l‘ ’d ’: B t



T

'(6 4 mm thick) were steam cooked at atmospher1c pressure and then

L.imashed at or above 75 o w1th 0 1 0.5% (w/w) of a C16—type monog]ycer1de

o (compos1t1on 73% Clé- and- 22% C monoglycer1des). The mash was then

processed by steps wh1ch involved freez1ng, thaw1ng predry1ng,
;granulat1on, dry1ng and S1ft1ng The A B granuTes were prepared by
'precook1ng the s]1ces at 70 C for 30 min in 3 parts by we1ght of tap
water. These s]1ces were then mashed at 75 Cin the presence of
"monoglycer1de and processed 1nto granuTes by om1tt1ng the freeze thaw

steps of the F- T process The granuTes were dr1ed in a Manesty petr1

9”'

'[‘f1u1debed dryer;v§ome of thi granu]es Y prepared were stored in brown _

botties at 4 and 25%C.

'.T4 3 2 AmyTose Leach]ng

A granu]e samp]e of 2 g and 25 mT water were thoroughly b]ended’n.

A

'1 for~ 30 min at 18+1 C 1n a Buh]er t1ssue d1s1ntegrator conta1n1ng about f
| ~1d25 gTass beads The homogenate was transferred 1nto a 250 ml- vo]umetr1cb’-
'”‘_f f]ask made up to the mark w1th water then st1rred at 25 C for I h. ;
N A 10 m] aT1quot was centr1fuged at 2500 x g for 30 m1n \The supernatant'
conta1ned soTubTe starch 2 5 m] of wh1ch were m1xed w1th 7 5 ml water,-'

'ffe‘pvortexed for 15 sec, heated at 100 C for 10 m1n and then coo]ed to 24 C;"

_'Then it was m1xed w1th 0 2 m] standard 1od1ne soTut1on (0 02 N KI3)

“vfgleft to stand for 10 min. and the absorbance read at 640 nm. The so]ub]e"“

_istarch content was. expressed as absorbance un1ts per g dry mat_

B g
EARN
N ,/ -
1 M ’
g

‘>-4 3 3 Swe111ng Power.

. otatp“granUTes;

fﬂBVIT.f

ified by Ooraikul ~©
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SampTes of 2. 5 g were p]aced in 50 mT graduated centr1fuge tubes and

) m1xed:w;th water at 25 c to make 25 mT of homogeneous slurry. The tubes
were ag1§ated at 25 C for 1h w1th a wrist- act1on shaker and then
centr1fuged at 1000 X g for 15 min. The supernatant was sw1ft1y decanted
ithen 10 ml water were carefuTTy p1petted onto the sed1ment and the

total volume determ1ned The voTume of the swollen mater1aT (SP)

on a bas1s of-10 g dry solids was caTcuTated from (totaT voTume - 10) 4.

"‘\k’4 3 4. Water B1nd1ng Capac1ty

\7\ylv | The operat1ng parameters for the- determ1nat1on of WBC of
f- granuTes us1ng the d1fferent1a] scann1ng caTor1meter was the same as
,'that descr1bed under 4.1.9.2. However, in th1s case a 6 35 mg a11quot
'3'of granu]e-water sTurry equ111br1ated overn1ght was used in the

5 determjnatjons. JNTRE 'h., ";._A v i; R *S\'
54‘4 3. 5 X- ray D1ffract1on ‘,h"’ o ; ‘v' o B
The operat1ng parameters for the X ray d1ffract1on patterns" v

_of granules were as descr1bed under 4.1. AN L R AR

R 4.3,6f*M1cr05copy.

(_4 3 6 1 Scann1ng ETectron M1croscopy

The precooked and/or cooked and mashed sampTes were f1xed for

o 12 h at 4° C m 3% gluta‘r"&]dehyde in0. 1 M K phosphate buffer PH.7. o

_fAfter r1ns1ng in buffer, the f1xed sect1ons were treated oVern1ght a

.4° Cin 2% 050 1n the séma buffer The sampTes were once aga1n r1n

’1n buffer and then dehydrated by succkss1ve treatments at 30 m1n




1."w1th its open1ng dJusted by means of a fTex1bTe tube and a- cTamp to

/
' /

[

Oy : ‘ - .
| 1nterva1js at 25 C in 50, “70, ?% and tw1ce, absoTute ethanoT The
sampTes were transferred 1nto brass\boats wh1ch were then 1mmersed 1n
\T1qu1d Freon 12 that had been cooTed w1th T1qu1d N2 The sampTes were . ‘
freeze dr1ed overn1ght at 80 C, mounted on Al- stubs w1th s11ver paste

and- coated w1th 20 nm of gon

‘Eff' The end product granuTes were exam1ned w1thout any treatment ,

"pr1or to gon coat1ng, wh1Te a port1on of the slurry of the water- recon-

'st1tuted fresh and stored granuTes ( g/10 mT de1on1zed water gentTy
‘i'stirred for 1 min' and then Teft to stand for 2 h) was freeze dr1ed and
;exaaned as W1th the mash | ‘ N |
t4 3. 6 2. L1ght M1croscopy L
Potato granuTes were aTso exam1ned w1th a T1ght m1croscope 1n
‘%‘order to obta1n the count of 1ntact sound ceTTs GranuTes (l g) were
"suspended in 20 mT of de1on1zed water w1th gentTe stwrr1ng for 1 m1n,
vr_gand Teft to stand 2 h A drop was spotted on a m1croscope sT1de,‘
;"stamed wath a drop of 0 1% aqueous methyTen%Tue and v1ewed at
550 100 X magn1f1cat1on us1ng a phase contrast m1croscope

' .4 3. 7 Rehydratwn Rate \ :

The method of Tamura and Packer (1976) was; used to determ]ne ﬁﬂf

'jjthe rehydrat1on rate of A- B and F T granuTes (fresh & stored) A 30 g

' ¢ ;
,_sampTe of granuTes was grav1tat1ona11y fed through a 8 5 cm gTass funneT ;

Jf.aTTow aTT the granuTes to pass through 1n 12 sec The granu]es dropped :f"

-:f'Jnto a beaker of 9 cm d1ameter conta1n1ng 63 mT of tap water (18+1 C)

"dVTQOrOUSTy st1rred w1th 2 magnet1c st1rrer The magnet1c bar Was ."""‘

__'r«g . .

.(‘

57
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1 x 7.5 cm, and the stirrer speed was set at 4.5 on the speed dial.

— n\

Sy ~l

The time in sec was taken from the f1rst contact of granu]es with water'
unt11 the magnet stopped mov1ng due to the "sett1ng" of the s]urry into
a firm dough The relative rehydration rate (sec” 1) was_ an average of -

three determinations. . ' _ | ' ‘ ?;p

‘:°4.3,8. Extraction of.Lipids.'

4.3, 8 1. Free Lipids

Fresh and stored (6 months at 25°C) granu1es, 16 g, were extractedi
three times w1th 75 m] petro]eum ether (b p. 40- 60 C) eac t1me for 3 h
in a Soxhlet. extractor at a condensat1on rate of 3 4 drops sec. The combined
4extracts were. pooled- and evaporated at 40 C L a vacuum f1 sh rotary . |

;evaporatog. The rema1n1ng 15 ml solvent was removed-under 2':

4.3, 8 2. Bound LTp1ds

extract1on with water saturated n-butano] (wSB Morr1son et al. 1975)
centrifuged and f11tered through a med1um por051ty s1ntered g]asf under o
reduced pressure The comh1ned extracts were then concentrated as -
described above t » o _ ‘ ‘ ’ |
| ‘v’ The dr1ed extracts (free and bound 11p1ds) were,red1sso]ved in

o d1ethy1 ether, and the volume made up to 10'ml. The 11l !

determ1ned from 20 pl. a]iquots that were dr1ed ina

at room temperature Tn A1 fo11 cups and we1ghed onan Cahn gram micro
SRR . ) o ‘ /g . : L
e]ectroba]ance. R : SRPER s
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4.3.8.3. Total Lipids.

Fresh and stored granuTes were st1rred under n1trogen with a
‘magnet1c st1rrer for 3h w1th a soTvent cons1st1ng of chloroform- methano]
(2:1 v/v). The so]ut1on was fthered through s1ntered glass and the
‘res1due taken up in fresh soTvent and stirred aga1n for 2 h and f1Ttered
Th1s extract1on was repeated several times. For the first extract1on,

10 mT of so]vent per gram of sample were used and for subsequent |
extract1ons, 5 ml per gram. The comb1ned f11trates werefevaporated as
descrxbed earlier. The crude T1p1d res1due was red1ssoT;e§ in 156 mT of ;
'the chloroform -methanol soTvent and nonT1p1d 1mpur1t1es were removed |
_ by shaking the solution with one- f1fth of its voTume of 0. 58% aqueous 3
‘fsod1um chTor1de, and Teavlng it to equ1T1brate overn1ghd at 4° C (Folch

v et atl. 1957) The\upper phase was removed by a Pasteur Tpet, and the'r'

» pure upper phase soTvent The Tower phase, conta1n1ng th pur1f1ed _.
T1p1ds, was taken to dryness under vacuum. It was redissofived in :

i anhydrous, ethanoT free chToroform Approx1mate1y 0 5 mg f BHT was
then added and the voTume ‘made up to 10 ml. The 1lipid y1e ds were

'determ1ned from 20 w1 aT1quots of T1p1d solutions that wene dried in-a

' kl~stream'of n1tnogenAat room temperature 1n,AT foil cups and we1ghed on a

" Cahn-gram micro electrobalance.

| f4{3.9;'Lip1d'Fractionation.by'SiTieic Acid Chromatography.

CoTumn chromatography was used to separate ‘the neutr‘T T1p1d
e fract1on (obta1ned by extract1on w1th ether and NSB) from oth r T1p1d\
E

: const1tuents S1T1c1c acid was washed w1th hot methanoT foTTo ed wtth‘

’ " -hot acetone and then dr1ed at 105 C for 2 h CeT1te was aTso t 'ated




in a s1m1Tar manner. The absorbent (3 g sTTicic acid + 1 g celite) was

'packed in a slurry of d1ethyT ether and was aTTowed to settTe in a

';30;cm x 8 mm 1.d;-gTass column with gentTe tapp1ng. Lipid extracts were

 redissolved in 1 ml of~diethy1 ether, and applied to the column. The

- 60
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neutral lipid fract1on was removed from the .column by eluting w1th 80 ml of

d1ethyT ether The eTuent conta1n1ng the neutral lipid fract1on was, then
, evaporated The dried extracts were red1sso]ved and made up to a voTume
bof 10 ml with diethyl ether The 1ipid y1ers were determ1ned from -20 uT

a11quots that were dried in a stream of n1trogen at room temperature

4.3.10. Thin-Layer Chromatography. o f‘ ‘ i,

§

20 x 20 cm dglass pTates coated w1th 0 3 mm activated MN- K1eseTgeT N
(w1thout b1nder) Freeman and Nest S (1966) system was used for the
separat1on of neutral T1p1ds The f1rst deveTopment was in a-solvent -

- mixture of d1ethy1 ether: benzene ethanoT acetic acid (40 50:2: 0.2 v/v)
and the .second in d1ethy1 ether hexane (6: 94 v/v) ; : -

The Tipids were detected by spray1ng with 50% H 804, followed

The neutraT T1p1ds were anaTysed by th1n Tayer chromatography on

by charr1ng for 20 m1n at 170 C The Rf value of the monogTycer1de spot -

was noted

‘the above exper1ment and om1tt1ng the spray1ng step The spots
conta1n1ng monogTycer1de were Tocated by their Rf vaTues, and were
recovered from the pTates by scrap1ng off equaT areas of the spots into
funnels pTugged at the énd of the stem with gTass wool and eTut1ng w1th
20 . ml- d1ethy1 ether. The extracts were then centr1fuged at 250 X g for

10 min and evaporated to dryness under n1trogen. The dried extracts

P

Preparat1ve th1n -layer chromatography was performed by repeat1ng
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were then red1sso1ved in d1ethy1 ether, and the vo1ume made up to 10 ml.
|
The monog]ycer1de y1e1ds were deterT1ned from 20 nl a11quots that were

dr1ed in a stream of n1trogen at room .temperature.

4.3.11. Gas L1qu1d Chromatography

- - Transester1f1cat1on procedures were- used to obta1n fatty acid
‘methy1 esters .of the monog1ycer1de fract1on recovered from thin-layer
plates. The methy} esters were prepared by.gently refluxing the
monoglyceride fraction with 1 mt of boron trif]uoride;methano1 solution
(14% w/v). The esters were isotated from'the reaction,mixture.and analysed
as described under 4.2.1. ‘. | | . |

4.4, Pect1n Monog]ycer1de Interact1on o
4. 4 1. Extract1on of Potato Pect1n

Pee]ed and chopped potatoes (2 kg) were disintegrated in
ethanol (1 m1/g) in a b]ender, f11tered on Miracloth and washed with
water The f11trate, conta1n1ng the bulk of the starch grains present
in the or1g1na1 mater1a1 was d1scarded The res1due on, the M1racloth
was suspended in 200 jul water and then heated in a tater bath (temperature

1
1ns1de the suspens1on be1ng maintained at 70 C) for 10 min. After

o coo]1ng, “the pH was adJusted to 7 0 with 0.05 N KOH followed by the

‘.'add1t1on of 0.1 M acetate buffer (pH 4. 8) br1ng1ng the tota] 'volume to.
'500 ml. Amy]og]ycos1dase 2 ml, andcxamylase 0 5 m] were added to th1s
so1ut1on,»followed by 1ncubat1on for 6 h at 48°c (the comp]et1on of. the
»lireact1on be1ng checked by the addition of QL3). The m1xture was then

- centr1fuged at 5000 x g for 15 m1n Thevre51due,(debr1s + CW) was
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suspended in water (1 1itre) and then refluxed for 12 h and f11tered N i
under suct1on Four volumes of ethano] were added to th% filtrate and

the resu]tant prec1p1tate of potato pectin was, co11ected by centr1fuga-‘gff:

.t1on, washed tw1ce with ethanol, then w1th ether and drled 1n vacuo.

" 4.4.2. ’Viscosity Measurements.

Potato pectin aqueous solut1on (1%, w/v) was prepared by s]ow1y
adding the pect1n into cont1nuous]y st1rred bo111ng water unt11 all the
powder was dissolved. f

Solutions cons1st1ng of 0-0. 5% (w/v) Cls—monoglycer1de 1n :
'aqueous pectin, solut1on were prepared by adding thesmonoglycer1de into
the stirred pectin squt1on and bo1]1ng for 5 m1n The solut1on was
f cooled to 70°C and the v1scos1ty measured at th1s temperature u51ng the

Haake Rotov1scometer In this study- the use of C]8~monog1ycer1de was

Comitted. <= & T

:4 4.3. D1fferent1a1 Scann1ng Calor1metry

Aqueous solutions of c1trus pect1n (1%, r/v) of varying degrees

of esterification and potato pectin (1%, w/v) wére prepared as descr1bed

-~

above M1xtures cons1st1ng of 0. 3%. C16—monoglyckr1de in aqueous pect1n :

solution were prepared by add1ng the monoglyce ide 1nto the st1rred

pectin so]utlons and: bo111ng for 5 min. On coolling to room temperature - 3

no prec1p1tat1on was observed However, a’ resi ue was. seen when the
r,so1ut1ons were evaporated to dryness in a waten bath A port1on (15 mg)

| - of th1s residue was then p]aced inside DSC pan; and heated from -10°C

to 165 C at a scanning rate of 5 C /m1n

h
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: 7 (V. RESULTS AND UISCUSSION

.

. & B
1. CHARACTERIZATION OF‘BDTATO STARCH AND ITS MONOGLYCERIDE COMPLEXES.

1.1, Particle s%gefoistribution. ;

The particle size distribution in native potato starch isolated
from cv.Netted Gem is given in Table 1 (see a]so Figure la). When these
grains were heated in water at 70 Oc with st1rr1ng as in a Brabender

amy]ograph, a un1form melt was obta1ned (Figure 1b). Gelatinization .

in vitro was done w1thout st1rr1ng to s1mu1ate starch ge]at1n1zat1on in

a potato ce11 As seen from ngure 1(c, d) in such starch, even when

heated at 80 . for 10 or 30 m1n, the grain ent1ty was. retawned regard]ess

.of the extent of 1eached out amy]ose

Monog]gcer1de 1ncorporat10n into grains by d1ffu51on, as

L3

'demonstrated in this study, has a profound effect on both 1eached out

£

.§amy1ose and gra1n 1ntegr1ty Based so]e]y on m1croscop1c observations,
1t appeared that amy]ose was respons1b1e for starch so]ub111ty and

- fy1sc051ty data wh11e the gra1n T1p1d comp]ex determ1ned swe111ng

)c

( ‘power transparency and strength upon heat1ng

1”'ff'1 2 Starch Swe111ng Power and So]ub111ty

As shown in this study, the swe]11ng power (SP) of starch}grains

hcan read11y be tal]ored by monog]ycer1des or fatty acid K- sa1ts Nat1ve

v potato starch SP Was 171 and its solubility 32% ‘The h1gh SP is due to

, 1ow content of Ca and Mg present in phosphate ester groups of amy]opect1n
‘As proved in another study (Haydar et al. 1980), starchrP devoid of
- metal cat1ons (H- starch) has a 2.3-times greater SP ‘than nat1ve starch.

'“The extent of starch P 1on1zat10n i$ enhanced in the absence of ca‘and

N o * . -
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,‘~£ :*Between success1ve s1ze 1nterva1

i Part1c1e S1ze D1str1but1on in Nat1ve Starch Iso]ated From j'

Potato Tuber cv “Netted Gem" (Russet Burbank)
e:A

e T T R ‘v%lepuIatidh#fv
Particle Size (um) - .. " . By Number of Grains
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F1gure 1 SEM M1crographs of Ge]at1n1zed Potato Starch Sampled W1th and
' ’ wrthout*Precaut1ons Aga1nst Amy]ose Retrogradat1on (ig Starch

}54 w/w) Ge]at1n1zed by St1rr1ng at
80 C for 30 m1n, and Freeze Dr1ed w1thout Pr1or Treatment
1n L1qu1d N . Magn1f1cat1on x 3 800 B

1

\ . . a‘Q‘B‘>‘
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(c) Starch Suspe{-fon i
k wltho ‘St1rY1ng and w1th Precaut1ons Taken Aga1nst Rea11gnment of
‘J\\-aAmf'ose Cha1ns Magn1f1cat1on X 3800, (d) As Under (c) but Ge1at1n1zed

for
Network of Leached Out Amy]ose Magn1f1cat1on X 2500

o,
LA

H

2 B
& > & Riare
¥ R

. A
. e,

. J 8

' -

° -

30 m1n Two Starch Gra1ns are Shown Enmeshed 1n the Inter?aced o

S

water (O 1%, w/w) Ge1at1n1zed at 80 C for 10 m1n fH';T’CK
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8 soTub1T1ty and SP vaTues

R
JaNa N

' suDPress1on was w1th'C14 and the Towest w1th C8 Of 1nteres¢ was the o Te»

Mg. In fonized'form‘repUTsive forces among starch molecules give higher
When starch was compTexed w1th 0 7 mM of the o crystaTT1n1ty
form of 1-monogTycer1des through a proTonged d1ffu51on process beTow

the geTat1n1zatlon temperature there was a decrease 1n both soTUb1T1ty

and SP vaTues (Tab]e 2) “The - SP dropped stead11y from C8 to C. 14 then :

Thus SP was affected by add1t1on of monog]ycer1de to starch

- before geTat1n1zat1on However, Lonkhuysen and BTankest1Jn (1976) found

that 1t was not affected when monogTycer1de was added after ge]at1n1zat1on

The stab111ty ofsonTen gra1ns was,'3' ever, great]y enhanced

"(L;

Dur1ng geTat1n1zat1on 1n excess water, starch soTub1T1ty is

i affected by the amount of amyTose reTeased from starch gra1ns Gra1ns

69

compTexed w1th monog]ycer1des in equ1mo]ar amounts showed a dramat1c drop .~"

id ”‘i n
in so]ub111ty This decrease was 8% w1th C8’ 42 1% w1th ClO and 907 w1th

14—monoglycer1de ATthough the trend reversed w1th C16 and Clg,f he

\/‘ soTub1T1t1es were st1TT weTT beTow that of nat1ve starch

'57 Starch gra1ns treated WTth 0 7 mM fatty ac1d K- saTts, ie. po]ar o

SP but the trends were s1m11ar to monogTycer1des The greatest SP

. \*h

1nab1T1ty of arach1d1c ac1d (CZO) to effect1ve1y contro] SP or’ soTub111ty

e S

‘. .‘\,x.v’

1nstead of%?onpoTar sﬁrfactants, showed sT1ghtTy h1gher soTub1T1ty and J.v o



' y‘:Tab1e'2.

' Fatty Acid

(So
Fatty Acid K-Salt Treated

. 1=

coTubility (Sol) and SwellingPpower. (sP) at 85°C of Monoglyceride or ~ i
Starph‘as;Affectéd*by_Fatty Acid Chain Length.* = 7

i

2
3

‘~jV  - k14Monog1yé¢h1de R K-Sa]i,;';l’ B -

Chain Length . Sol % o1 %. | SP

Ce ‘ Lo B
L Com ©29.7

| o5k 5.6+ 4B 314801 1576 £ 4.0

I+

s 18.6 £ 0.3 689 & 4.5 22.9£05 83175
G 8.4+ 1.2  38.2%3.5 ' 36204 1.2

_ e 33105 16.1 £0.9 22.6 + 3.5

Ll |
. 4.9%03 21620

e

| 0+1.8 27.9%3.2
ot 7.3+0.5 302825 . 9.2 £ 1.2 35.6 £ 2.5
Conm D s F A S 29.4 £.0.5 - 144.0 + 3.5 S

- G0

* *The Sol % and SP of'untréated‘Stérch grains weref32;1'£‘l.2”and

_1171{2”i~8ﬂ5;~r35pective1y,

**In this and following Tables, SD for n.=-3..0.=

[
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Its eff1c1ency matched that of C8 aC1d The above data agree w1th those

of Gray and Schoch (1962) w1th respect to the effect of fatty acid .
K-salts on the SP of potato starch They ﬁound that C14 was the best

comp1ex1ng ac1d at the 1% (w/w) Tevel. However, results dlffered in |

‘ respect to C8 comp]ex1ng ability. In this study it was proved to be low,

"as was aiso f0und 1n a re?ated study by Krog (1971) who demonstrated on :

pure potato amy]ose that C8—ac1d has a zero compleang 1ndex He a1so

I~;{catcu]ated that 1 mo]e amy1ose reacts w1th 20 mo]es of monopa1m1t1n to

zf-form a water 1nso]ub1e comp]ex As proved by Car1son et a1 (1979),

| ftne fatty ac1d cha1n is w1th1n the amy1ose he11x and the P01a” ,". g

7.‘1m0nog]ycer1de mo1ety is: outsxde

N B w

Ll
Fs
B o

1. 3 Starch V1scos1ty

Starch so]ub111ty and SP va]ues were c]ose1y re]ated to v1Scos1ty '

i'data. When a starch gra1n 1s ge]at1n1zed w1thout st1rr1ng, amy]ose

'icha1ns enter the amblent aquet phase and form a network wh1ch connects f

”'the 1nd1v1dua1 gra1ns, ngure 2 {a, b) ‘shows such a network between two

[

af,adJacent gra1ns In F1gure 2 (c, d) the network is st111 v151b1e even_ ;

.'though no precaut1ons were taken aga1nst amylose rea11gnment (or retroora—

. ,dat1on) Treatment of starch w1th monog1ycer1de decreases the amount of -~

: rcorre]ated close1y w1th the extent of 1eached out amylose rather than ”7v'-t

?jm1croscop1ca11y as the starch v1scos1ty 1ncreased an observat1on wh1ch

.i1eached out amylose (Figure 3) When m1croscop1c observat1ons were

¥

- related to v15cos1ty data of nat1ve and complexed starch (Tab1e 3),“,A

‘ appeared that the v1scos1ty in a temperature range of 50 80°C

vthe swe111ng of starch grafns More 1eached out amylose was v1s1b1e _ f'

<

"'ﬁagreed w1th a s1nn1ar f1nd1ng on. wheat starch (M111er et a] 1973)

"0
S S
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‘(_Hg;y,):j'f_ A

| Graj\sﬁAfter Ge1at1n1zat1on as in F1gure 1, c-d, Samp]ed
"W1th and Without Precaut1ons Aga1nst Amy]ose Retrogradat1on

l(a) ‘Dense Filaments of Amylose Obtained After 10 min
‘Gelat1n1zat1on Magn1f1cat1on x 4200; (b) Amylose Network
‘.Between Adjacent Starch Grains Obtained After 30 min
'Gelat1n1zat1on Magn1f1cat10n x 5400; (c) Starch Grains
'Ge]at1n1zed for 30 min. Without Precautlons Aga1nst Amylose
'f'Rea11gnment Individual Gra1ns are Covered By a Film of’

\ -Rea11gned Amy]oée Chains. Magn1f1cat1on % 1500; (d) As“Under

(c), but, W1th a S1ng1e Ge]at1n1zed Gra1n Magn1ficatibn x 1500.
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“With C

for 30 min 1n the Presence of 0.7 mM of
(a) A M1xture of Untreated Starch Grains amc

G .
-Monog]ycer1de The Grain Integr1ty Was Preserved

Phose Treated

14
Only in the Presence- of Monog1ycer1de Magn1f1cat1on X-. 800

~(b) Starch Grains Ge]at1n1zed in the Presence of C8 Monog]yce-

ride. Magn1f1cat1on x 3800.

wi®






(c) StarchvGrqihs Ge]atinized‘in’the Presence of'C14-Monog1yceride.’
Note the Absence of an Amylose Network Between the Starch Grains.
Magnificationvx 1505 (d) As Underw(c),\bﬂt'Gelaginized in the
Presence‘of1C16-Monog1yceride. Mégnifiég;iqn x 1000 |
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"‘rvStarch Comp]exed

v LeongroD) 5 "'fffsgs 6 o 2 6,

e

v

~""“l,Tab1e 3 'i':'i'f S  f?V’”‘ 5i§1.

(.V1scos1ty of Starch Monog]ycer1de Comglexes Heated at 50 - 80°C

Lo

‘\if '"1u;f fflj- V1scos1ty (cP) at ¢ C<- ;ﬂ*“ﬁf

7f1 Jw1th Monog]ycer1de SEN .;500:”__‘ C60% .v5.700 

]
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S ege 00 26x02 32%0.2 400l
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'i‘ The amy]ose Teach1ng extent was’' a funct1on of temperature and at a

o

g1ven temperature was contro]]ed by monoglycer1de fatty ac1d cha1n 1ength¢
: N
The Towest v1scos1ty at any temperature was observed w1th starch compTe—

xed w1th 014 Clé, wh11e the h1ghest (w1th C ) matched that of untreated

starch R l' '5.‘~'] N B

When v1scos1ty was measured at 25°C (Tab]e 4), the resu1tshwere T

£

Nat1ve starch was h1ghe§t\1n v1scos1ty, wh11e starch comp]exed w1th

'614 or C16-monogTycer1de Was- Towest These data suggested neg]ag1b1e

rea11gnment of comp]exed amyTose cha1ns dur1ng coo]1ng Potato amy]opec- ‘?“

t1n treated w1th monog]ycer1des ﬂ1d not change 1n v1scos1ty (Tabte 5)
strong]y suggest1ng 1ts 1nab111ty to form a T1p1d compTex

Comparlswon of data from Tabﬂes 2 3 and 4 suggests that the extent

:f' of amy]ose 1each1ng from comp]exed starch 1s morerre11a5/§ determ1ned

”5 ana1y51s :s_ ;A‘fﬁ

systems amyTose 2% surfactants

? 1 4 X ray D}ffract1on

it
grav1metr1ca11y as, a soTub111ty percent than by v1scos1ty test The less

re11ab1e v1scos1ty data are supported by data of Klm and Rob1nson (1979) ?i"vf

who used a Ubbe]ohde d1Tut1on-type cap111ary v1scometer on the’ _'

.a7 Tooe L

CTathrate format1on dur1ng starch gra1n treatment w1th O 7 mM

monogTycer1de or fatty ac1d K- saTts was. ver1f1ed by X- -ray’ d1ffract1on;‘f"f

£

\ : Untreated potato starch had a "B" type d1ffract1on pattern

Interp]anar spac1ngs in- A were at 3. 70 4 OO 6 14 and 15 80 (aT] medwum »;

1ntens1ty) and 5 16 (strong) In add1t1on, there were fTVE weak 11nes

S e L . e R &

A
v

s11ght1y h1gher but the trendefound,at eTevated temperatures was reta1ned;]:.

...-\

f between 2. 60 and 8. 90 The overaTT pattern was weaker when starch mo1stureﬁ>§ﬂ
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’v; - Tab]e 4 - . :
V1scos1ty of Starch Monog]ycer1de Comglexes Heated at 50 80 C-then Cooled
to 25 C ' - . . S . . ‘

: .

fa;;ifva' a{v R fﬁ"" ‘V1scos1ty (cP) at' 25 C R

Starch Cog@]exed  5 ; The Comp]exes Were Prev1ous]y Heated At .
& W1th Mon091YCer1de 4':': 50\ *- 60° 1';f‘j” 700 . 8% -

Untreated starch P e V} e;f’ PR e e i
(contrn]) [ 2 ' ©11.8
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Tab]e 5 ‘ ‘ _ - - .
szcas1ty of Potato Amy]opect1n and 1ts Moné@lycer1de M\xtures

Samp]e e _3‘  L v"k“' f‘ V1scos1ty (cP) at 80°C

Potato amylopect1n I 5? f'- 1113'1!0}3'7
Amylopectm - c14 R R [ 1 9% 0.1
) gAmy]opectJn '-018'>"   'i:  ' ib;3 ;[ ‘~;-1; 11 0 0 1
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contents were Tess than 10% . and stronger at h1gher TeveTs ,
‘When potato starch gra1ns were d1spersed 1n NaOH heated at 100 C

and then 1n\the presence of fatty" ac1ds, gradua]]y cooled to 25 C, ‘a

"V" d1ffract1on pattern was obta1ned (OSman—IsmaJT 1972) It was
characterlzed by strong ;1nes at 4.37, 7.20- 7 90 and 12 10 12. 90 A. This

pattern was ‘close- to that of pure amylose monog]ycer1de comp]exes reported

'by Osman et al. (1961), or the amylose n- butanoT comp]ex of. ZobeT (1964)

As seen from F1gure 4 and- Tab]e 6 the potato starch comp]ex
prepared 1n th1s study had d1ffract1on spac1ng ‘and’ 1nten§1t1es d1fferent

- from those above s1nce the starch compTi? was formed beTow the geTat1n1—

_‘f zat1on temperature Hence there was a gra1n crysta111n1ty pattern o

super1mposedﬂg1that of the comp]ex Neverth]ess the maJor 11nes of the

comp1e§§were readlly revealed Except1ons were compTexes of C “and C10

monog]ycer1des when the strong spac1ng centered at 5. 15 A was: sh1fted

e to 4 48 4 67

~

1 5. Turb1d1metr1c Measurements SRR "\:

5

The extent of amyTose compTex1ng w1th monog]ycer1des was tested
by turb1d1metr1c assay S1nce the compTex1ng react1on occurred in the
gra1ns, 1nsoTub1T1zat10n of amylose a]so took pTace w1th1n ‘the gra1n

Hence, the transm1ttance (transparency) of the compTex decreased when

‘wl compared to natlve gralns The transm1ttance aTso decreased dur1ng '

J' starch—monog]ycer1de compTex heat1ng in excess water at 80 C for 30 min_

w1thout st1rr1ng There was a stepw1se drop of transm1ttance for
comp]exes of C8 up to C12’ and . a m1n1mum was reached w1th C14 compTex .
(Tab]e 7) The trend reversed w1th Cl6 and C18 compTexes, show1ng a L

stepw1se 1ncrease 1n transm1ttance S1m11ar resu]ts were obta1ned when

el
~
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\ Figure 4. .X- -ray D1 ffractmn Patterns of Potato Star‘ch and Several of
B -~ Its Monog]ycemde Complexes. ’The Reg1on Scanned Corresponds
to 3- 32 26. ‘ | - :
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Tab1e/7 D y o .
Turb1d1metr1c Measurements of. Starch- Monoglycer1de Comp]exes Heated at

80 3/f0r 30 min. 5

/ . .
‘ I B Transm1ttance, % at 520 nm = .
Stdrch Complexed 5
~With Monoglycerige . At 80°C After being cooled to 25 C
Untreated starch (control)  54.3 + 1.6 68.4 + 1.2 ‘
G-  49:3% 1.6 61.6 £ 1.4 a
Cyo- 37.6 £ 1.3 44.2 + 1.5 )
G | IR 0.6 32.3 £ 0.7
CCypm S 2.4 £0.2 24.8 £ 0.4
Cie~ ' 24.8 + 0.4 . 27.5 + 0.6
C, 28.8 1.0.4. 33.9 + 0.8

18"
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readings were taken at 24°C. These resu1ts support those of a study on

~ soft wheat starch b Dongley and Miller- (1971). However, they found no

transmittance change with fatty ‘acid cha1ns below C12

1.6. Differential Scanning Calorimetry.

1.6.1. Native Starch.

L4 .

" ‘Thermograms (plots of heat flow as a funct1on of temperatur

nat1ve starch are shown in F1gure 5 ( ). A narrow s1ng]e endotherm was .

. observed at‘669C at a h1ghvwater Tevel (vl 0.85). This 1svthe gelatini-

_ enthalpy change.of 6;9‘caT/g starch (Table 8). As the water 1evel;

zation endotherm (G), which corresponded at this water level to an

decreased, a shou]dering endotherm-(Ml) developed. It became a. S

Ay

: we11’separated second endotherh at intermediate water Tevels (v1\0.50),

: wh11e at Tower water 1eve1s 1t was ‘the on]y endotherm The entha\py of

G + M, and of the s1ng]e M trans1t1ons decreased as the water. level

1
decreased At vy 0. 39 the entha]py was on]y 4. 29 ca]/g L1near regress1on

~

analysis of the expertmental data for a v, range of 0.39-0.85 gave a

‘Teast- squares fit for entha]py values\of Y = 2 0676 + 5. 7025 v1

(r > 0.99). When the entha]py change per mole of D -glucose subun1ts

’(anhydroglucose M 162; endotherm area/wt starch X 162) was plotted as a
: funct1on of molar ratio of water to starch (wt water/18 + wt starch/162),
‘as suggested by Donovan (1979) the p]ot coincided closely w1th his

v f1nd1ngs The G endotherm at 66 C appeared at a molar ratio of water to

starch greater than 4 (v > 0.4), w1th its max1mum be1ng at 14 and

o rema1n1ng constant at any . wate//ﬁeve1 above th1s ratio. The M1 endotherm

was: observed at a mo]ar ratio of water to starch less than 5 w1th 1ts

'_max1mum at 4 wh1]e it d1/appeared above 14 (vy > 0 7) As has a]ready



Figure 5.

Differential Scanning Calorimetry (a) Native Starch

(b) Starch - 1-M0nppa1mitin Comp]ex‘Reéorded at a Heating
Rate_af 5:C°/min, in the Presence of Various Volume Fractions
of Water. The Amount of Samb]e Used was 2.15 mg for Native

‘;aqd 1.75 mg for Complexed Starch, Respectively.

G-Gelatinization Ehdotherm;\Ml-Endotherm of the Most Perfect
Crystallites, and M2—Starch Compiex Fusion Endotherm.

s
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Table 8.

Native Potato Starch Gelatinization Characteristics.

90

Volume Fraction
of water, v,

Gelatinization (G), °C

Endotherm

Enthalpy of
Fusion, aH

Y0 p tm Area, cm2 (cal/g starch)
0.39 53 94 117 6.0 4.29
0.50 57 66 105 7.0 .5.50
0.65... 56 66 88.5 . 8.1 5.77
0.70 56.5 66 84 8.5 6.07
0.85 56 66 70 9.7 6.91
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been suggested (Donovan. 1979 B111ader1s et al., 1980) he two d1st1nct

endotherms appear‘to represent two d1st1nct mechan1sms for phase o
trans1t1on of starch gra1ns The M1 trans1t1on at h1gher temperature -
resu]ts from the me]t1ng crysta111tes w1th1n the sem1crystaTT1ne '
(spheru11te) ent1ty The G trans1t10n 1nvo]ves swe111ng of the amorphous

reg1ons of the spheru11te by. water separa¢1ng or str1pp1ng the’ starch

h.fl moTecu]es from the crysta111te surface and denatur1ng and hydrat1ng

SR

the starch Th1s shou]d then account for a cons1stent]y h1gher enthany

for G trans1t1on than M1 S 'ﬁ_i""‘-?~
| The me1t1ng temperature of the crysta111tes 1n the starch gra1n s

became h1gher as the water TeveT decreased In order to obta1n the ';f .

S

§ me1t1ng po1nt of the most perfect crysta111tes,‘Equat1on (1) was app11ed

s1nce 1t accounts for a- thermodynam1c reTat1on of crysta111te me1t1ng 7

po1ntfand water concentrat1on Thus,'t C) expressed as l/T ( K) s was

pTotted aga1nst vl Llnear regress1on a"alySTS (F19ure 6) gave a Teast v‘%

squares f1t of Y 2 264 + 0 7669 v1 when extrapo]ated to v1 0 a T

o

va]ue of 44&)7 K 168 7°C) was obta1ned S1m11ar1y, a pTot of vl/T

aga1nst (l/T /- 1/T ) v1 (Flgure 7) prov1ded a Teast squares f1t of

o 8309 -'0.0309 vy (r=.0. 95) wh1ch at 1ntercept \)1/T = 0 gave, for B

the fus1on of the most perfect crysta111tes (M1 tran51t1on), an: enthany

(AH ) of 15 4 KcaT/moTe D g]ucose un1t sT1ghtTy h1gher than the ‘

14 3 reported by Donovan and Mapes (1980) As seen from F1gure 5 ( ).5 ; h}

\nat1ve potato starch un11ke wheat or ma1ze starch (Donovan and Mapes,"'»~h«h:”

1980) Tacks the h1gh me1t1ng endotherm MZ’-] e shows no thermaT

trans1t1on for a starch 11p1d complex It s weTT estab]1shed that .

starch amyTose forms nonsto1ch1ometr1c 1nc1us1on compounds (cTathrate) f

,,wjth:fatty:ac1ds However,,1n wheat starch 1yso]ec1th1n'(not free fatty

91
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Flgur'e 6 P1ots of Rec1prOCa1 Me] tmg Po1nts Agamst the Volume
Fract1on of Water (vI) for Nat‘lve Potato Starch [0] and

] Its Monopa1m1t1n Comp]exes [l] I
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"ac1d) is. the 11p1d‘const1tuent of th1s natural c]athrate The abundance

~of. 1yso1ec1th1n 1n wheat starch was demonstrated by Acker and Schm1tz o

'555(1967), who found that 62% of the total starch 11p1d was 1yso1ec1th1n

, Potato starch 1so]ated as 1n our study conta1ned no phospho- or

g1ycp]1p1ds nor the1r 1yso—der1vat1ves Tr1g]yceeres, free fatty acids

'and/or free and ester1f1ed stero]s were | present on1y 1n traces Hence,

1i;potato starch thermograms 1acked the M2 trans1t1on However when

" by M2 endotherm and by an- exotherm 1mmed1ate1y after the G trans1t1on

when 1yso]ec1th1n was rep]aced w1th 1 monopa]m1t1n wh11e amy]ope tin .

a]one showed no ev1dence of format1on of such a comp]ex Pa1m1t1c ac1d

-afa11ed to form a comp]ex w1th e1ther starch gra1ns or amy1opect1n
Starch 11ntner1zat1on br1ngs about select1ve hydr01y51s or cha1n o

"“.;asc1ss1ons of the amorphous reg1ons of the gra1ns S1nce water absorbed .

‘ {by the gra1n is. assoc1ated on]y w1th 1ts amorphous reg1on (Ka1numa and

‘French, 1971), remova] of the amorphous reg1on wou]d e11m1nate the
| '}.f ge1at1n1zat1on process ass1sted and drlven by hydrat1on and swe111ng

{‘The crysta111ne reg1on would be. decoup]ed from the amorphous network

% f‘resu1t1ng in a sh1ft of G transut1on to h1gher temperatures Hence, T

7'7extens1ve hxdro]ys1s of the starch gra1n wou]d remove the G trans1t1on

‘and wou]d reta1n the- M trans1t1on

t

~In accord w1th the above suggest1on are the resu]ts of B111ader1s .

B t 1 (1980) for ac1d mod1f1ed corn and smooth pea starches 11ntner1zed

'?to an extent of 5 to 10% in which the t “and t me1t1ng po1nts were

P
ra1sed by 9- 10 and 3- 8 Cs respect1ve1y However they found that

[Ny spec1f1c entha1p1es (AH cal/g starch) of both ac1d treated starches

9"

-V(Kug1m1ya et a] 1980) S1m11ar resu]ts were obta1ned ‘in this. study ,.b_‘f



: narrow temperature range,. as was a1so observed w1th nat1ve starch and

‘ potato starch After treatment for 3 days w1th ac1d potato starch when’

97

were 1ower than those of- the1r nat1ve starch A 1ow r entha]py for
ac1d treated wheat starch was reported by WOotton an Bamunuarachch1
(1978). On the other hand a 11m1ted ac1d hydro]ys1s f - potato starch

as found by Donovan and" Mapes 1980), mere]y 1ncreased\thé G trans1t1on B
temperature The trans1t1on endotherm ha]f»w1dth as we]T -as the spec1f1c

entha]py were unchanged Longer ac1d treatment brought about s1gn1f1cant

endotherm broaden1ng and the tp was. 9 C greater than for: nat1ve starch

However, the spec1f1c entha]py of the trans1t1on was unchanged

A

' compared to 1ts nat1ve starch at a water 1eve1 of vy. 0.85, sh1fted 1ts |

’w '-“:.4";
t from 56 to 60° C, tp from 66 to 71 C and t from 70 to. 103 C
However “the spec1f1c entha]py of . 6 8 was reta1ned, suggest1ng that L
11tt1e or no 1oss of crysta111ne structure occurred dur1ng 11ntner1zat1on

Also a p]ot of T as a funct1on of v1 reta1ned the close relat1onsh1p

<

ff‘ of crysta]11te T and water 1eVels found in nat1ve starch w1th the R

me1t1ng po1nt of the most perfect crysta111te be1ng 169 4° C

1.6.2. Starcheprid Comp1ex;' SR ,,‘i_fff‘, e

, -

Thérmograms of starch monopa1m1t1n (047:mM) comp]ex are.shown 1nh
F1gure 5 (h) and the1r endotherm character1st1cs are ITsted in Tab]e 9
At a- h1gh water 1eve1 (V1 O 85) there were G and M2 endotherms, at an ¥"
1ntermed1ate 1eve1 (v1 0. 50) G, M1 and M2 endotherms, and atwa Tow.

water 1eve1 (v1 0 39) M1 and M2 The G endotherm occurred over a

had a sharply centered t at 66 C The entha]py'change depended on

P
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water Teve] and ranged from 5.26 at v; 0. 39\to 8.77 at vy 0.85.

- These enthalpies were larger by an average of 3.5 to 21.2% than those

;of the uncompTexed native starch. ~ B |
The starch 11p1d compTex me1t1ng temperature depended strong]y
on water content‘ The onset midpo1nt'and end of fus1on were all
sh1fted to h1gher temperatures as the water Tlevel decreased In a
range of 0. 39 0 85 the onset was sh1fted by 33 the: m1dpo1nt by 29 _

and the end of fus1on by 28°¢. SJm11ar1y, the_M transit1on~entha1py

2
Was,a‘strong'functton of water TeveT.'It varied from 0,44;ca1/g starch’
Cat v1 0.39 to 1.75 cal/g at v 0.85. " } ‘, | |
The me1t1ng po1nt of the most - perfect crystaTT1tefof the comp]ex
was extrapo]ated to zero water content It-was caTcuTated again by
pTottTng 1/T (0 K) aga1nst v1 (ngure 6). L1near regress1on anaTys1s
E gave a s1gn1f1cant correlation: ( = Q. 99) w1th an 1ntercept of '
440. 5 K (167.5 C) at v; 0. S1m11ar1y, a pTot (Flgure 7) of vl/Tm
:'aga1nst the Teft side of Eq (2) at the 1ntercept vl/T =0 provided‘
| a va]ue of 0. 4655 Th1s corresponded to a fus1on enthany for the

“compTex of 27 5 Kca]/moTe D- g]ucose un1t a s1gn1f1cant1y larger- enthany

than that of the M trans1t1on, surpass1ng even those of wheat and ma1ze;

cTathrate M2 trans1t1ons (23 4. and 23 0 KcaT/moTe), respect1ve1y

V(Donovan and Mapes,-1980) thereby suggest1ng the presence of a v"h

. crystaTT1ne structure of h1oher stab111ty

- The ‘amount of amylose in the. starch gra1n comp]exed w1th
0 7 mM 1- monopa1m1t1n was ga]cu]ated from the M2 enthany observed
l/:n~the presence of, excess water (vy O 85). It was assumed that the
entha]py of the amyTose he11x fusion in the compTex was 7. 4 ca]/g

' amy]ose (Kug1m1ya_gt al., 1980) The starch amy]ose content of potato

P
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r XK
cv. Netted Gem was 21.5%. Of thls amylose available within the starch

-gra1n, 89.6% was found in the form of a starch 11p1d comp]ex

'Starch—monopa1m1tjn complex data were typical for starchelipid

complexes - (Table 10). Regardless of fatty acid chain length, the comple-

xes had. the same me]ting points in G and'Mé transitions, Tom, and
complex fusion: entha]py per mole g]ucose un1t Except1ons ‘were, -however,

_ the. M, trans1t1on spec1f1c entha1p1es, wh1ch d1ffered apd\wh1ch were

related to. the extent of amy]ose complexing. Monomyr1st1n ? 4) had the‘

'opt1mum comp]ex1ng ab111ty, hence, the h1ghest enthalpy (1. 78), The

comp]ex1ng ab111ty decreased with cha1n 1ength below C14, but much 1ess .

¢ W1th cha1n 1ength above C14 The s]1ght super1or1ty of monomyr1st1n
'over monopa1m1t1n amounted to an amylose complex’ 1ncrease of*on]y 1.6%.
Consequently, the - spec1f1c entha1p1es were pract1ca11y the same.

| Nat1ve starch and’ starch -C 4 comp]ex were used at v1 0. 85 to
1exam1ne the 1nf1uence of 5 and 10 c° /m1n heating rates on the" G and M2
'_trans1t1on endotherms (Tab1e 11) When the scann1ng rate was 1ncreased

“the me1t1ng po1nts (t , tp

‘res w1thout an. endotherm w1den1ng effect Spec1f1c entha1p1es for G and :

| M2 trans1t1ons a]so s11ght1y decreased w1th 1ncreased scannxng rates

:The entha1py rat1o (5/10‘C /m1n) for.both tran51t1ons was 1.1 and was "

_fa1r1y constant : o ‘ s : - ' ';i‘f L ey

A s1m11ar drop of spec1f1c enthalny, but for wheat starch was
observed when the heat1ng rate was doub]ed The entha]py rat1o for an

'8/16 C°/m1n rise was 1. 11, wh11e for 16/32 1t Was 1 34 (wootton‘and

Bamunuarachch1, 1979) A 1owered specific entha]py at 10° C /min cou]d be

\due to a d1fferent mechan1sm of starch ge]at1n1zat1on at hlgher heatlng‘ _

-~ rates. D1scuss1on of such a poss1b111ty has been dealt W1th by several

100

and t ) sh1fted s]1ght1y to higher temperatu- _'J‘“
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Table 11. ‘
Potato Starch Endotherm Character1st1cs as Inf]uenced by Heating Rate

Heating‘Raté: Co/min

50 - 10°
Native Starch o : B | o S

Gelatinization (G) .

t, - , . 55,5 0.0 ~ 56.2£ 0.2

ty © o .86.2%0.2 ~ 67.0 £ 0.0

t 70.2 £ 0.2 //// 71.2 0.2
Enthalpy (aH cal/g starch) 6.76 £ 0.04 ./ | 6.21 = 9/05
AHS /AH10 (avefage)‘ | ;///_

- Complexed Starch - 1 ’

Gelatinization (G)

t, £ 0.2
. £ 0.0
Tty ’ 70,5 + 0.5
Enthalpy (aH cal/g starch)  7.52/4 0.02 . 6.50 + 0.07
aHg /AH10 (average) B o 1:15%0( 
“éomp1ex (@Z,j B | o o
t, ,95.0'#‘9}0 4'x'- © 96.5: 0.0
ot  £9§.6 s oéd . 1085 0.0
| ot » B 1IOT2 +0.2 g 11?,2 i_0.74“é ,
" Enthalpy, {a# cal/g'starch) 1.75 + 0. 04 . 157:0.00
_ AH54ﬂ§:) average) - '_» - 1.1044 _l ;}‘ C :

- Amount of Star;h (c;ﬁﬁTéX)ggggd,_2.15 mg, vi = 0.85.
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authors (Donovan, 1979; Wootton and Bamunuarachchi, 1979, Marchant and
B1anshard 1978). Lintnerized starch when complcxed with 0.7mM
1-monoglycerides derived from hydrogenated and distilled palm 011 gaue
thermograms simi]ar to those of the uncomplexed lintnerized starch, with
the exception of a shift in the endotherm of G transition to higher temp-
erature The melting point t rose from 60 to 630C t from 71 to 760c,
and t from 78 to 84 C. The Tipid complex M2 trans1t1on was centered at .
105°C. The entha]py of the complex rose from 6.8 to 7. % cal/g starch
These f1nd1ngs suggested that part of the amorphous reg1on left after
acid treatment reacted with monog]ycer1des and, hence ‘'was unable to
further 1nf1uence crysta]11te melting, while the entha]py r1se showed
that the crystallinity within the starch grain was enhanced. |

4]

1.7. Water Binding Capacity.
S \ -

_Based on potatolstarch”isotherm, pore structure test and thermody-
namic properties, Van'den Berg et a].)(1975) concluded that the initial
10% mo1sture corresponded to c]ose to one molecule of water pen glucose
res1due on act1ve absorptlon S1te, and the rest (up to 19%) to two. It
was suggested that, due to steric hindrance, starch sweyls strong]y
' dur1ng the uptake of the second water molecule, ruptur1mg the hydrogen
- bonds between cha1ns, resu1t1hg in large water agg]omerates (the swell-
“ing imbibit1on oriﬂfree” water). The authors concluded from sorption
1sotherms that below‘a 0.95 (< 34% moisture)-capi11ary condensation
vdoes not occur, suggest1ng that the starch grain is Tffect1ve1y a
nonporous ent1ty be]ow ‘this. aw va]ue n

The standard quality contro] methods of water absorpt1on by

starches: prov1de s1gn1f1cant1y d1fferent resu]ts water retention

e
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against centrifugal force (Medcalf and Giles, 196455 Rasper and DeMan,
1980; Ooraikul and Moledina, 1980), a commnon method, reflects more the
amount of water held intersticially than the water bound by starch
chains. A novel DSC method (Wootton and Bamunuarachchi, 1978) was
applied in this study on freshly isolated, non-defatted starch. Calcula-
tion of WBC is illustrated in Figure 8. A linear regression equation for
native and 1ipid complexed starches (W = A + B. wf, in which A is total
water intercept‘at zero free water (WBC), B is unity and NF, free
water/g dry starch; r = 1.0) was used for calculation rather than the
usual graphical assessment. Results are given in Table 12. Native starch
had the highest WBC, 0.39 g water/g dry starch. This value suggestéd
grainvpore involVement.in water accommodation. The value decreased as
starch was complexed with monaglycerides. The decrease was a function. of
fatty acid chain length between C8 - C14 and‘a minimum was reached with
monomysistin. With a chain length of C16 the trend was reYersed. The WBC
rosevslightly and the rise continued with C,g, but without attaining the
original WBC of the native starch, a fact which might account for the
Tow WBC of starches with natural clathrates.

The WBC of native starch, as found invthis study, was c]bse to
that of 0.38 reported recently (Wootton and Bamunuarachchi, 1978). The
slight difference mightvbe due to amylose and ash Content variability
~induced by enVironment (Chung and Hadziyev, 1980). The effect of amy]ose‘
~on WBC decrease has been verified by DSC on waxy, normal and high amylose

maize- starches (Wootton and Bamunuarachchi, 1978). ‘ <;
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f1: .Tab1e 12, R _ : o
VY Water B1nd1ng Capac1ty of Starch Monog]ycer1de Comp]exes

» vQStarch Comp]exed U .*') ,*;*?“-;_;.r water B1nd1ng Capac1ty

F:-. ,w1th Monoglycer1de RE R S 3ffjs g water/g starch

;,Q_fuhtreated $térch4(gbnfroi).ff'”
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"'-.é,' THE EFFEct OF MONOGLYCERIDES ON AMYLQSE‘COMPLEXING DURING A ;,‘

POTATO. GRANULE PROCESS '
l_Z,ItVMonog]ycerides; L,

.f212;1}1}1A§pttcatjon?in.afGranu1e‘Process.

In a med1um s1ze mash1ng un1t (volume about 3 m3) potato s1icesf gL

"‘ﬁf'are separated~ﬂnto 1nd1v1dua1 ce]]s by auger and by m1ld shear1nq and

'i‘press1ng of the dry A B granu]es aga1nst hot potato t1ssue Dur1ng ;t{i-ﬁl
1ﬂithe mash m1x1ng step,‘1ast1ng about 20 m1n, the mo1sture content of the;-'-“

‘jﬁm01st mix. decreases from 75 80 to 30 40%, and the temperature drops

o ffrom 90 to. 60 C. Ingred1ents such as. ant1ox1dants, su1f1tes and ‘Na- ac1di"ﬁ*f' =

"d pyrophosphate are 1ncorporated at- th1s stage D1st111ed monog]ycer1des ;'

| '.d1n powdered form are metered 1n mechan1ca11y blended w1th other dry "

'ff'*hot mash

t 1ngred1ents and added d1rect1y through a dry feeder to the rlcer or

A]ternat1vely, the monog]ycer1des are d1spersed by v1gorous

o st1rr1ng 1n water preheated to 65 69 C, unt11 a homogenous trans]ucent i

f,j1emu1s1on is ebta1ned Then the pH is adJusted as. des1red St1rr1ng 1s

“k*',cont1nued wh11e the emu]s1on coo1s to 40 C or 1ower then 1t is metered |

‘.or pumped 1nto the hot mash

: 'f‘52 1. 2. Phys1cochem1ca1 Characterlst1cs

Some phy51cochem1ca1 character1st1cs of two types of emuls1f1ers
used in an A B granu]e process are 11sFed in. Tab]e 13 Both monog1ycer1des L.“E
h»were free f10w1ng powders, as expected from the1r 1ow 1od1ne va]ues :
h“The 1 monog]ycer1de content was not 1ess than 90%, the rest be1ng

; 2 1somer The sum of pa1m1t1c amd pa1m1to1e1c ac1ds was 73% of the tota1 AR



. Tabre 13. Some Ana]yt1ca1 Da%a for Monog]ycer1des Used in'an S
oo AB Granule Process SR e e

- Type

N

‘lAna1ytica1iDataa»

- Monog]ycer1de Content

'nf"M1n1mum % S ?;:' = f”.f90' o v' An' = 90v'

- Free GTycero] Maximum'f;‘i T N ORI 1.2
Acid- Va]ue -'»‘_,i L 3 T SR

7’Sapon1f1cat1on Va1ue Rt k;;_.a;_fﬁo'T i7o - - 150 {’165
d‘Iod1ne Value, Max1mum ‘”Tfnid‘fn“j,’“f;3  '_.' : jﬂw 5
 Typical S]1p Po1nt C »,1'_;;.., 85 77
v?Fatty Ac1d Compos1t1on ’;ff;;;;ff*J' R L
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Data were- obta1ned by app1y1ng AOCS 0ff1c1a1 and Tentat1ve Methods
3_1 of Analysis, 3rd. Ed. (1979): g]ycero] content; Ca 14-56; 1od1ne
“value, Cd 1-25; ac1d va1ue Cd 3A 63, and sapon1f1cat10n va]ue, g

Cd 3 25 : ‘ : : - L



N :
N 110

| ‘acids in the'first enulsifier ﬁhence‘it‘was designated as a Ciﬁ—tYPe,
1wh11e in the second, a C18 type, stear1c ac1d content was 40 0% with' »
| “an add1t1ona1 22 8% be1ng oleic, 11noTe1c and ‘1inolenic ac1ds ' : }_ 1 -f‘fj.
' ‘2.2; Crysta]Tinity“Forms of:the“MonOQTyteride Preparatdons; e
' 2 2. 1 X -ray: D1ffract1on
, X ray d1ffract1on data for the monoglycer1des are g1ven in. TabTe 14
' ;_GeT preparat1ons of pH 2 3 and pH 6. 5 prepared from C16 and C18-types

. L
of m0nogTycer1des, each prov1ded a’ strong s1ngTe d1ffract10n T1ne at

’Tf4 48 K In add1t1on, the C16-type geT had f1ve weak and one med1um f

""f1ntens1ty 11nes

':f¥f1ntens1ty T1nes, and the C18—type geT three weak and three med1um

The m1crobead powder form of both emu]s1f1ers exh1b1ted threeiif

T4%;{fstrong d1ffract1on T1nes The Cls—type of monogTycer1de at 3 90 4. 39fi1

Vi .the C

‘f;and 4.62 A, and the C18 type at ‘3. 93, a. 31 and 4. 51 A In add1t1on,,{jj -

16-type reveaTed severaT T1nes w1th Tonger spac1ngs, aTT weak 1n7:;}"

"““.j!ﬂ1ntens1ty, wh11e the Clé—type aTso had T1nes w1th Tonger spac1ngs buti o

: "i{7med1um 1nten51t1es (F1gure 9). 'j”?ff,f‘;,i3 L

Lutton (1950) exam1ned pure 1- m0nopa1m1t1n and monostear1n and

“wffound that the a- crysta111ne state 1s character1zed by a s1ng]e ,:f”~*"““ oo

“7ﬁf:strong spac1ng at 4. 18 A, wh11e the B form has short spac1ngs at 3. 86

'*f54 37 and 4 55 A It Was stated that the weak T1nes are un1que for an

Q- crysta111ne state These f1nd1ngs and the resuTts of th1s study strong]y

VTF}suggest that the o= crysta111ne form shoqu be ascr1bed to ‘gel ‘?;‘u“f }-{!fj,:

;fipreparat1ons of pH 2 3 or pH 6. 5 and the B- form to m1crobead powders

:.lThe detect1on of add1t1ona1 d1ffract1on T1nes 1n powders an apparent RIS

RV
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}l Figure 9

»f-:‘?“ : e
R
Y, 3 R

. 1 .
. ‘J‘
X ray D1ffract1on Patter S: of Ge] and Powder Forms of

.G -Type Monog]ycer1des sed- 1n an A- B Granule Process

16

-'i The Reg1on Scanned Corre]ponds to 3 320 26 '; P ;Vﬁg'
\
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~of methy] group, 1050, 1064 and 1180 cm |

114

7 d1screpancy w1th Lutton s data, is due to greater sens1t1v1ty of

diffraction ana]ys1s which avo1ds the camera photo techn1que

-2.2,2;'Infrared Spectra.

‘ The nature of the monog]ycer1des 1s shown by the1r IR spectra.

The 0 H stretch1ng v1brat1ons had max1ma at 3245 3300 cm 1.

-1

The strong

'bands from 2860 2950 cm corresponded to sym- ‘and ant1-methy1ene o

egroup stretch1ngs, those at 1730 1740 cm, 1 as shown in F1g ]0 to -

'carbonyl stretch of the. ester group, bands at 1460 to 1480 cm 1ito

- C-H bend1ng of methy]ene and methy] groups 1380 cm -1 to sym ¢ -H bend :

]‘to C 0: stretch1ngs of

-1

.fpr1mary and secondary -OH groups; 940 995 c to C-C s1ng]e bond‘

-1

: stretch and the band at 720 cm  to, methy]ene gr0up rock1ng v1brat1on

‘Ev1dence supporting the - ass1gnment of a-form to ge]s and g- to powders 0
‘ was a]so prov1ded by IR spectra D1fferent po]ymorph1c forms of

‘dl-monog1ycer1des g1ve r1se to d1fferent IR spectra, but the 2 1somer'f

!"ex1sts on]y in one. polymorph1c form (Chapman 1965) As seen from *

. Tab]e 15 the band at 1062 cm ], wh1ch corresponds to C-O stretch of : |
'pr1mary —OH groups, is always present in the ‘g~ form of powders but ‘
.absent: 1n the a- form of gels. This m1ght be due to. format1on of
‘hydrogen bonds between the -OH groups and water in the ge] In addftion,

L:kvthe two crystal forms are d1fferent1ated at the maJor frequency |

-1

.‘bands of C= 0 stretchlng at 1730 1739 cm Wh11e th1s band 1s

“-;cons1stent w1th the B- form, the-a-form has an adJacent strong band

o at 1705 cn

1 wh1ch appears to arise from carbony]-water assoc1at1on v1a

chydrogen bond1ng of 1nterest was the f1nd1ng that- a band appeared at
1062 cm after the geT was kept for 6 days at 24° C Th1s suggests



V-

. Figure 10. Infrared Sbectrqvof Gel and Powder Forms of Ci8-TyDe

Monog]yceridesAUSed in_an A-B Granule Process:
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that the g- form is the stable crystalline form of the monoglycerides.
Further ev1dence for g-form stab1]1ty was provided by the crystalline
form of the‘C18 -emulsifier, which was stored in a warehouse for one
year and then ana]yzed: It is a blend of 1-monoglycerides and propylene
glycol monoesters. The latter is known to be an «-tending emulsifier
.used to stabilize the a-form of distilled monoglycerides during
crystallization (Birnbaum, 1978). Nevertheless, only the g-form was
evident. The IR findings partly support the earlier observations by
Chapaén (1955), that a- and 8-forms of 1l-monoglycerides show a

? frequency band shift of the carbonyl stretch from 1706 cm—1

-1

in the liquid
ferm to 1721 in a, 1730 in sub-x and to 1736 cm © in fhe B-form.
Accordingly, the a—form_df‘the gel could be considered as a liquid

stetec However, in the 1150-1300 cm—1 region, instead of having broad
bands tending to merge>into each other as’in a 1iquid.3tate,'the'ge1 had
distinct bands typical of an a-form (Chapman, 1955).

The use of the frequency band progressions in the 1250 Cm_l region
provide"data about the glyceride chain length (Freeman, 1968). As seen
from Table 15, the C16° and C18
those of 1-monopalmitin and monostearln, respect1ve1y

-type of monoglyceride bands resembied

©2.3. Amy]ose Release From Starch Grains.

Potato starch had a ge]at1n1zat1on temperature range of
56~8 to 6§.SOC as‘indjcated'by the loss of birefringence. Starch
gelatinigatibn in situ, as‘VisUalized by SEM, was charaeterized by an
vexteﬁsive swe]ling of individua] grains. This gavebthe fused starch the
‘appearance of an 1rregu1ar reticulum.

When starch is ge]at1n1zed as a 1-5% suspension in water: under



R O
(k an11d st1rr1ng and then exam1ned by SEM, some of the gra1ns are
’ “‘ 1dent1f1ab1e at 65 C wh11e at 70 C thev appear d1s1ntegrated and fused"c.;:
; ’:tdnto a'un1form mass 1n wh1ch no gra1n structure 1s detectab]e | S
| '.‘: When starch 1s heated w1thout st1rr1ng as a O 1% suspens1on at.
"70 80 or even 95 C i e we]] above the ge]at1n1zat10n temperature, ik
‘:2"-the gra1ns do not d1s1ntegrate, but reta1n the1r v1sua1 1ntegr1ty
‘However they are surrounded by a cont1nuous f11amentous network wh1ch f
'af .1s more dense when the suspens1on 1s heated at h1gher temperature and
h:;for 1onger t1me (see F1gures 11 and 12) The 1nter1aced and connected |
o network cannot be seen when network rea11gnment 1s not prevented by the
ilﬁfi11qu1d N2 freez1ng techn1que (F1gure 13)' Ind1v1dua1 f1bres had a S
';vd1ameter rang1ng from less than O 1 to 2 5 um They sta1ned b1ue and

v

‘;prec1p1tated w1th O 02 N I2 so]ut1on wh11e the enmeshed starch gra1ns f'
:dd:sta1ned redd1sh brown Th1s flndlng proved that the re]eased or |
' tﬂfi[ﬁso]ub111zed" starch 1s predom1nant1y amy]ose, and strong]y supported ayb
fs1m11ar conc1us1on of M]]]er et a] (1973) S1nce, 1n the same assay,.fl'
;azpure potato amy]opect1n so]ut1ons cou]d not be sta1ned nor prec1p1tated
'sfthe starch comp]ex1ng 1ndex determ1ned before or after monog]ycerlde
B sgifadd1t1on wou1d 1nv01ve sole]y the starch amy]ose mo1ety S |
| As seen from Tab]e 16 potato starch 1nso]ub11lzat1on by precook- ril
ﬂ[_f1ﬁg; coo11ng and steam cook1ng in_an A-B’ granu1e process was not.ev1dent el
| ':fiwhen precook1ng was not foi]owed by a coo11ng step The re]at1ve extent
:'-vtﬂOf amy]ose 1nso]ubn11zat1on by retrogradat1on was greater when steam cook— w:f
' fh,1ng was fo]]owed by a coo]1ng step Retrogradatlon was enhanced by 6 6%v %._1./
‘{tWhen the: gelat1nlzed starch temperature dr0pped from 70 to 50 C ;:;”"

'“‘;f:However, in: a11 cases the abso]ute,,va]ue of’A680 was 1ow, suggest1ng

.'-'that extens1ve amy]ose 1each1ng occurs at mash—m1x1ng rather than precook'f_ii



T

¥

o

“f F1gure 11 SEM—M1crograph of a Potato Starch Gra1n Heated at 80 C for
'*vv§ rv - 10 min. The Interlaced: Network 1s- the Leached Out Amy]ose
' '3. Magn1f1cat1on x 3 800 ’ '
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 F1gure 12 SEM M1crograph of a Potato Starch Gra1n Heated at 80 C for .
) 30 min.. The Dense Network 1s Leached Out Amy]ose I
Magn1f1cat1on X 3 800 o ‘
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if_'jFlgure 13 SEM M1crograph of Potato Starch Gra1ns Heated at 80 C for :.:

SRR 30 m1n W1thout Precaut1ons Aga1nst Amy]ose Rea11gnment
'x'\ Magn1f1¢at1ons (a) x‘i\BOO and (b) X 500 ‘

E£hl
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~ and steamicooking steps of the process.

‘2}4. Amylose Complexing with Mphb§1ycerides,

2.4.1. Lintnerized (SolibTe) Starch{

The effect of monog]ycer1de concentrat1on and crysta] form on the
'.extent of so]ub]e starch complex1ng at 60°C for 20 m1n s 111ustrated '
by resu]ts 1n Tab]e 17. There was a benef1c1a1 amy]ose comp]ex1ng up to
0 5% of . added monog]ycer1de FUrther add1t1on 1n1t1a11y 1mproved the |

'ecomp1ex1ng index by on1y 1. 5%, wh11e h1gher concentrat1ons gave an

increase of 0 5-1%. At 1eve1s above 3% monog]ycer1de there was no

»"add1t1ona1 benef1c1a1 effect The comp]ex1ng ab111ty of the two crysta]

forms d1ffered Gel or a- form was more eff1c1ent at a11 1evels than
- the a-" form comp]ex1ng index be1ng h1gher by an average of 11% ,
:iAnbexcept10n was. at 0. 2% concentrat1on where the two forms appeared to
be egual]y eff1c1ent The react1on t1me effect on amy]ose comp1ex1ng

' by C18-monog1ycer1des 1s presented 1n F1gure '14. The h1ghest react1on ' .

. rate was dur1ng the 1n1t1a1 15 min, then,1t 1eve11ed off and was

' pract1ca11y comp]eted w1th1n 20 m1n Th o= form had a h1gher rate )

',v comp1ex1ng 63 7% of the aVa11ab1e amy]ose in 20 m1n, wh11e the g-form

cqmp]exed_55,5% A max1mum of 66. 7% (or 56. 3% for B form) was attained

¥ .fafterv»ZS' min.

2. 4 2. Starch Gra1ns

A pnctor1a1 111ustrat1on of monog]ycer1de prevent1on of amy]ose:
,.‘1each1ng from heated starch gra1ns, thus preserv1ng the gra1n 1ntegrﬁi¥ﬂ ‘

.above the ge]at1n1zat1on temperature, is shown ‘in F1gure 15 a, b



.Tap\e,17

’ CiB-Mohbg1y¢er1de

. 31p this and fo]\bWin"
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0 Crystalj;nity |
g Soluble potato

The Effect of C18
Structures ‘on the E
Starch at 60

—Monog\ycer1de and it
xtent: of Comp1ex1n
c for 20 min. :

Monog1ycer1de Cryst
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.Figure»14; Comp]ex1ng Index of So]ub]e Starch in Dependence -on React1on :
‘Time, and of C18-Type Monoglycemdes at 60°C.
OGel pH 6 5; ™ Powder Form.
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Figure 15. SEM—Micrograph 0f Potato'Starch Grains Treated As in Figure 12.
(a) In the Presence of.0.25% C16- and (b) 1,0% C18—type  )

~ Monoglycerides. Magnifications x 1,800 andv3;800}-RespectiVe1y.

C
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o the gra1n, s1nce amy]ose 1éach1ng was not ev1dent (see a1so F1gure 11

133
o) - \

At -a ]eve] of 0. 257 of added monog]ycerldes, a]] the monog]ycer1des :

dapparent]y d1ffused 1nto the gra1n and 1n501ub111zed the amy1ose w1th1n

bl

_and 12) Consequent]y, gra1n 1ntegr1ty was. we]] preserved At a 1eve1 o }ftﬁ.'
_of 1% the effect was ‘the same, however excess monoglycer1des cou]d not
ﬂ'fpenetrate the gra1n but were 1eft attached to 1ts surface Starch gra1ns :

o precooked coo]ed, steam cooked and then mash m1xed at 70°C w1th 0 5%

. C18-monog1ycer1des had amy]ose comp]ex1ng 1nd1ces wh1ch were dependent

1ivon react1on t1me and crysta] forms of g]ycerwdes (Tab]e 18) L1ke

'T'_11ntner1zed starch ge1at1n1zed starch reacted w1th monog]ycerwdes -

»Hw1th1n 20 m1n regard]ess of the crysta] form Dur1ng th1s t1me an

ﬁf'at 60 C,~ 1mp1y1ng that B to u crysta] form trans1t1on d1d not occur at

' fand 49% fdr powder was’ atta1ned on]y after 35 m1n In compar1son to :‘

'”f:‘_average of 60% ava11ab1e amy]dse was forced to 1nso]ub111ze After

aa

07f35 m1n there was s11ght add1t1ona1 comp1ex1ng not exceed1ng 2% for ge]s
' Hand 5 1% for powder The comp]ex1ng ab111ty of ge]s of pH 6 5 and pH 7 1

*was the same wh11e the pH 3 5 ge] performed 11ke the powder at the

react1on onset After 15 mln 1ts react1on rate 51ma1ated that of the

g

::f;a form In a]l cases the a form was super1or to 8-, be1ng h1gher by an i{i.

;'average of 11% Th1s f1nd1ng co1nc1ded w1th that of 11ntner1zed starch ‘:fv

_7OOC or waS°too s1ow to be detectab]e even dur1ng mash m1x1ng for

A

’»35 m1n S1m11ar runs at 50 and 60 -C. gave resu]ts presented 1n F1gure 16.

P v

. S
VAt 60 C there was a cons1stent super1or1ty of the Q- form Due to th1s DA

:;1ower temperature, the max1mum comp]ex1ng 1ndex of 53 57. 5% for gels e

‘ ;e‘70 C mash-m1x1ng at 60 C for 20 min decreased aWY1ose com;nf&}

'737 7 14 8% for ge1s and 8 7% for powder At 50 C: the react1on rate ; o

dropped further and amounted to on]y one th1rd of that at 70 C

'
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- Figure 16,

iy

Comp]ex1ng Rate of Amy]ose Leached from Starch Gra1ns
f..wmc*h were Preheated Cooled, Steam Cooked and then Mash—'
‘_:':M1xed with C}S-Type Monoglycemdes at 50 and 60° C

. Ogel’ pH35 DGe] pH65 AGe1 pH71 and
"<‘j_lPowder Form L T e

s . g &
3 B . "
ary o
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~5;'_ 3 5% per 1ncrement thereafter The h1ghest compTexnmg 54 64, was

2 4. 3 Potato T1ssue

The effect of Clé' and C18 type Lonog]ycer1des in powder (B)

"form on. the extent of amyTose comp]ex1ng 1n who]e potato t1ssue dur1ng :
| *xs;:the mash m1x1ng step of an A B process is 111ustrated by resu]ts in f~“
-T;TabTe>19K_RegardTess of the monog]ycer1de used amy]ose compTex1ng was =
o hmore eff1c1ent at thher temperatures and Tonger mash m1x1ng t1mes An f

1ncrease of 10 C (1n the range of 50- 70 C) brought about an 1ncrease e

z1n amy]ose compTex1ng of 6 SA for 616 and 4- 5% for 618 monogTycer1de

At any temperature and t1me chosen, the C16 monogTycer1de proved to be7vf

Sy

= super1or to C18 After 20 m1n of mash—m1x1ng, 1ts comp]ex1ng ab111ty
o exceeded that of 618 by an average of 4 8% at 50 C and by 8 6% at t“-"
r,so or: 70 c. S EE S ‘ a

The durat1on of mash—m1x1ng had a profound effect on the extent

of_compTex1ng Thus, at 70 C u5ing the C16 monog]ycer1de, amyTose

"compTex1ng 1ncreased by 9% for each 5 m1n 1ncrement up to 30 m1n, and

| “ach1eved after 35 m1n For C18—monoglycer1de, the max1mum comp]ex1ng

: e

‘ was 414 w1th the react1on rate aTso be1ng h1gh dur1ng the f1rst 20 min .
‘-of mash m1x1ng and TeveTT1ng off after 30 m1n 0ver the same per1od of

_’:t1me the - form in comparlson to the® B form prov1ded a h1gher extent

1

of amyTose 1nso]ub111zat1on (TabTe 20). After 20 m1n mash m1x1ng, the _,'='f

16
: 60 C. The h1ghest compTex1ng vaTue 76%, was ach1eved after 35 m1n

xz7ij ”-monog]ycer1de exceeded 1ts B form by 15% at 70 C and by 13% at 50 or 'l: E

v_ The compTex1ng ab111tx of the a-form of the C18~monoglycer1de exceeded
that of 1ts powder form~by 16% after 20 m1n mash-m1x1ng at 70 C, and by

12% at 50 or 60 C The maxqmum compTex1ng (59 6%), ach1eved after 35 m1n
R TR 4— ERE s S S S

»» L

' "f’The TeveTT1ng off t1me was found to start after about 30 m1n mash m1x1ng
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mash-m1x1ng, surpassed the B -form by 18%, and its 1eve111ng -off t1me
co1nc1ded with that of C . However, though the react1v1ty of the

C18 monog]ycer1de was 1mproved with the o-form, 1t could not surpass

at any temperature or t1me the comp]ex1ng ab111ty of the a-form of

16 monog]ycer1de The d1fference was 7 2% after 20 m1n mash m1x1ng, and

10, 2 16 4% dur1ng an add1t1ona1 15 m1n “As seen-from F1gure 17 the ”

' .C16

: of so11d m1crobeads (b) ' .

-monoglycer1de ex1sts as ho]]ow m1crobeads (a), wh11e C18 cons1sts_

The superlor1ty of the C16 monogT&éeere;powderin'the‘oranule |
i PYOCESS over that of C18 Cou]d be attributed partTy to their phySdcaT
'hforms However our pre11m1nary resu]ts do not support such a suggest1on.
The ﬁmproved react1v1ty of. the a—form*(ge1).w1th amy1ose/cou1d be
- explained by the presence of hydroph111c OH- groups ‘on the crysta]
’ ,surface of the monog]ycer1de ge] rather than nonpo]ar fatty ac1d methyl
) end groups, as in’ - form As stated. by Krog (1977), in such ge1s the
: spec1f1c surface of the monoglyder1de 1s 700 t1mes greater than that A
of the powder Freeze drled 1eaf1ets of C16~and-C18 monog]ycer1de ge]s ’ﬂ.f‘;" ;f
”(F1gure 18) had th1cknesses of 0. 1- 0. 5 um, wh1ch accord1ng to Krog, - S
i wou]d corresponh to a spec1f1c surfaCe of not less than 20 m /g
tp;Th1s shou1d result in better d1str1but1on of the gel 1n the hot potato
:,mash and enhanced complex format1on w1th free amy]ose
'i’3. EFFECT OF MONOGLYCERIDE ON SOME REHYDRATING PROPERTIES OF POTATO
| GRANULES

_3;1.'Extent of_AmyTOse Leaohtngf
AS‘seenffromvTabTe,Zl; the'exteht“of:amy]ose”1eachtng‘(BVI) from -

’Potato'granuTESQWaS dependent on theFTéveT'of.mono§1YCeridehadded in the"



F1gure 17 SEM M1crograph of Commerc1a1 Monog]ycer1des (a)’C16-Type;

*(b) C..-Type. Magn1f1cat1ons (a) x 500 and (b -x 50.
r 718

A
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.
/
Figure 18. Leaflet Structure of Freeze-Dried C,5-TyPe Monoglyceride
Gel of pH 6.5. Magnification x 5,100.
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process. At a levelvof 0.1% the monoglyceride‘was able to reduce the‘
BVI of F T granules by 48.8% when compared to a control. Monoglyceride
increase to 0.2% and then to 0.3% decreased the BVI by an add1t1ona1
30.6 and 9.3%, respectively. An 1ncrease above 0.3% brought about only
a negligible change This same trend of BVI dependence on monog]ycer1de
added was also found with A-B granu]es, where an increase from 0 to 0.1%
- reduced the BVI by 47 8% When the Jevel was increased to O. 2% and
'_from 0.2 to O. 3% the BVI decreased by 29 3 and 8.6%, respect1ve1y
On the average, A-B granules had 25.3% more leached-out amylose than
F-T granules.
It has been stated that the success of precook1ng in a granu]e
process 1s'due tovstarch (amy]ose) retrogradat1on (Potter et al., 1959)
»Precook1ng fo]]owed by cooling produces an even greater degree of
;retrogradat1on (Harr1ngton et al., 1959 Potter 1954; Reeve, 1954a,b).
"Our results 1nd1cated that, in sp1te of precook1ng and cooling steps,
. A- B granu]es had a hlgher BVI than F-T granu1es Thus,,the freezing step

FR

in the F- T process causes a greater degreewa retrogradat1on of amylose

v, than the precook1ng and cooling steps of the A- -8 process

o Ooraikul et al. (1974) and 00ra1ku1=and Hadz1yev (1974) found
that, as the monog]ycer1de concentration was 1ncreased to 0.1% or to

O 2% the BVI of F T granules decreased by 45.4 and 60.2%, respect1ve1y
- These authors used a monog1yc3r1de m1xture conta1n1ng 62 8%. stear1c and
- 26.2% palmitic acids;'The corresponding decreases in BVI values obtained

in this study for F-T grannles were. 48.8 and 64.5%, respectjvely.
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"‘y13 2. Swe111ng Power

The add1t1on of monoglycer1de at a~concentrat1on of 0. 1% caused 'A

z’“the SP of untreated F- T and A B granules to decrease by 6. 7 and 7. ZA

: T'respect1ve1y (Teb]e 22) Further 1ncrease in monOQUCEY‘Tde TeveT to

:':O 2% and then to 0 3% decreased the Sp of F T granuTes by 3 1 and 3. 4A
T'respect1VeTy, and of A B granuTes by 3 3 and 3 4%. An 1ncrease abovev
‘HIO 3% d1d not cause further decreases in- SP The SP- of F T granuTes

'rftreated or untreated w1th monog]ycer1de was cons1stent1y h1gher than Lu

'tf_“that of A B granuTes

MoTed1na e al : (1981) found that the pr1mary a1m of precook1ng

'-'1s to geTat1n1ze starch (a maJor source of Ca ) rather than to act1vate ;if@

»,‘vpect1n\methy1esterase 1n potato ceTT waTT (CW) The ca1c1um reTeased /j7 S

o r:ithe cH where 1t woqu form brldges w1th free COO ‘e>oups of pect1n

(3

:from the geTat1n1zed starch woqu g1ven suff1c1ent t1me d1ffuse to

"’lfCooTIng reduces the soTub111ty of ca1c1um pectate thereby stab111z1ng

S ca1c1um br1dges and cau51ng t1ssue f1rm1ng Th1s woqu resuTt 1n a.

‘”fTower water 1ntake 1nto the ceTT In add1t1on the cross T1nk1ng of
5“'fpect1n cha1ns wou]d decrease the ch of cw Qer se Thus, two factors-}
‘{woqu contr1bute to the Tower SP va]ues of A- B as compared to ﬁ

’TﬂfF T granuTes In- add1t1on, part of the tuber Ca *2 1n an. A B process‘

\
’coqu form cross ]1nkages between two phosphor1c ester groups,~etther

.

s *;Tn the same amyTopect1n cha1n or, preferent1a11y, between two adJacent

ftcha1ns (Hayda t< T 1980) Such Cross- T1nk1ng dur1ng the precook1ng

"'and cooltnf steps wou]d t1ghten up the starch network and restr1ct

"t

‘“‘gp'water entry qTh1s coqu a]so contr1bute to-a reduced SP vaTue of ’ﬁft Tf;ﬂif

‘_f;,

CA-B granuTes f"'“t :VA';_ . /
S The added monogTYCer1de 1s unabTe to’reduce the SP and WBC of

. r;?‘;ﬂ



4

S ey

v,Tab1e 22. Effect of Monog]ycer1de Concentrat1on on the Swe111ng Power

o of F-T and A-B Granu]es

Sl

Swelling Power (m1/10g Dry Matter)

0.3

G 0%1.20  38.8to0.
0.1 +0.6 O 36.0%

S0l

Lo,
N

7205 336

0.4 707 33.2%

oo ol o
no

0.5 s 'd,}iloiifv"{fi" F 33,2 ¢‘ .

t
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. ‘ , W\;Ag .
“the. potato granuTe to the same extent as 1t does w1th 1soTated nat1ve

'potato starch- (Hoover and Hadz1yev, 1981) Th1s suggests that the cw
d’(pect1c substances 55%, hemlceTTuTOSes 6. 87 prote1n 9 8% and ce]]u]ose o

-'p]us ]1gn1n 27 5%) 1s not fu]]y permeab]e to the d1ffus1on of the _‘

"’:vmonoglycerwde 1nto the ceTT 1nter10r, and/ortonce the starch is.

1ge1at1n1zed 1t 1s not read11y comp]exed thh the monogTycer1de at the
"bmash1ng temperature These reSuTts on SP tah@n together w1th those
E of BVI, suggest that monogTycer1de compTexes ma1n1y w1th Teached out

':f amyTose and to a Tesser extent w1th amyTose reta1ned w1th1n the .

;/potato ceTT

A '1fff3 3 Water B1nd1ng Capac1ty

As seen 1n TabTe 23 1n untreated form the WBC of F T granu]es

{’}fwas 5 3% h1gher than that of A B granu]es At monog]ycer1de Tevels

‘ "'xf,;7of O 2 and 0 4% th1swd1fference was 7 2 and 8 3%, respect1ve1y

"frassay The authors a

'x,f:to the tota] surfac

’ iiMonogTycer1de at O 2% reduced the WBC of untreated F T and A B granu]es f'

_f;‘;by 6 3 and 8 07, respect1ve1y A further fhcrease 1n Teve] from 0 2 to -

:u.fZO 47 decreased the WBC of FeT and A B granuTes b§%§% add1t1ona1 2 7
k;and 3 6 respect1ve1y f’"_ A';_- i ;_,;ltb',‘;}”'T»fj*a}-,i "_

‘ Jadhav et aT (1976) reported that the- WBC was h1gher for F- T "_
'7ithan for A B granu]esJ They attr1buted the d1fference to the presence of
-tpa th1n coat1ng on the/A -B granu]e wh1ch protects 1t from 1mmed1ate '

. contact w1th water he - presence of th1s th1n coat1ng . wh1ch is

: read11y sta1ned bTue w1th 1od1ne was conf1rmed qn. our 11ght m1croscopy

so stated that the shape of dehydrated or rehydrated

“’Adgranules 1s an add1t1ona1 factor that 1nf1uences WBC, s1nce 1t 15 reTated

area ReTevant to th1s observat1on 1s the f1nd1ng

s
[ .
-
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' Tab1e 23

_Effect of Monog]ycemde Concentratwn on the Water B1nd1ng Capamty of :
BT and A-B Granu]es TS I RS T % SO R . P

' Water Bindi ngCapac1ty,gH20/g ijry Gr"anmves" T

MQnOg1yC\er1de'9 .%, . F‘T . ﬁ! “ S ; A_B -

0.4 ST Y S _v”;j;;"vgj r‘}, P U R




L
of Morrow and Lorenz (1974) that potato starch WBC 1n a leute
suspens1on Js. dependent on the f1na1 s1ze of the starch graln Our
s T1ght m1croscopy stud1es showed that F- T granuTes had a Targer surfaced
: area than A-B granuTes The centr1fugaT technlque empToyed by Oora1kuT _.
and MoTed1na (1980) gave a va]ue of 3. 5 g water/g dry matter as the
“ntb WBC for F- T granuTes treated w1th 0 2% ; -based monogTycer1de Our f“l o
resuTts w1th DSC gave a: va]ue of 1 48 g water/g dry matter for the
bound water 1n F T granuTes treated w1th 0 2% 16 based monogTycer1de‘“ -
S1nce the NBC S of potato starch compTexed w1th C16 and 018 monogTycer—;s'»‘
» 1des are approx1maté1y the ‘same (Hoover and Hadz1yev, 1981): it coqu R
be stated that theklnterst1c1a11y her water amounts to about 2 g water/g

LR

dry matter

3 4 X ray D1ffract1on

CTathrate format1on between starch and monoglycer1de 1n a

potato granuTe process was ver1f1ed by X= ray d1ffract1on anaTys1s ‘i

UncompTexed F- T granuTes cons1stent1y had a "B“ type d1ffract1on :
ﬁati pattern s1m11ar to that found for nat1w§ potato starch (Hoover and

Hadz1yev 1981) These granuTes showed one strong spac1ng at 5 16 A and

e1ght weak ones between 4 04 A and 4 77 A No med1um 1ntens1ty 2
T?f spac1ngs were observed GranuTes treated w1th 0.2 and O 4% monogTycer1de
o each showed one- strong spac1ng (at 5. 21 A ang,s 15 A respect1ve1y)

In add1tron'bthey exh1b1ted med1um 1ntens1ty spac1ngs, number1ng four i

and three, respect1ve1y (F1gure 19) ATso, compTex1ng brought about a

,.;w redUct1on 1n the number of weak . spac1ngs (TabTe 24) Untreated granuTes "",

had 8 weak spac1ngs wh1ch were reduced to three after treatment The

'tf\xﬁi spac1ng typ1ca1 of comp]ex format1on wh1ch is around 4 48 A .was of a f‘g,
. \‘\_ -



‘.;Fﬁguré 19v X- ray D1ffract1on Patterns of Untreated and Monog]ycer1de— -
’1 Treated F T Granu]es The Reg1on Scanned Corresponds to'
‘33329 B » ~
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higher 1nten51ty in the granu]es treated with 0.4 than W1th O 2%
.monOg1ycer1de Howe er, th1s spac1ng was much weaker in 1ntens1ty than

the correspond1ng spacing observed with comp]exed potato starch Th1s

again reflects the ingbility of the monog]ycer1de to effect1ve1y diffuse
‘-through granu]e cw and/or to ‘complex the amy]ose of the ge]at1n1zed . o
g starch w1th1n ‘the granu]e at 75° C A

: i . - '.
3,5 L1ght M1croscopy

In an uncomp]exed A B granu]e there was - a d1st1nct separat1on
between the CW- and the swo]]en ge1at1n1zed stareh. matr1x (Figure’ 20a),

Such separat1on was 26.7% of the tota] cell count In the uncomp]exedb'

\

CF-T granules, on the. other: hand the starch matr1x was seen to. occupy" '
“the ent1re cell vo]ume (F1gure 21a). Treatment‘w1th Sonog1ycer1des at. | )
O 2 or 0.4% 1eve1s resu]ted 1n the starch matrlx contract1ng even o
more “and thu5'separat1ng from.the CW (F1gur§s 20b and 21b) The
__percentages of ce]ls show1ng this contract1on were 38. 3 and 43 3 in the‘

A B and 11 7 and 16 6 in the F-T granu]es, respect1ve1y (Table 25)

Monog1ycer1de added above 0. 47 did not br1ng about further c0ntract1on

LS

: Hence, these va]ues are much 10wer than some- arket spec1f1cat10ns wh1ch e
frequ1re a starch matrix - CW separat1on of 60% However, as shown by )
4 Haydar et a] (1980) ~the requ1red separation can be obta1ned merely .

+2

" by an increase of Ca" Tevels in the precooking water.

: 3 6. Scann1ng E1ectron M1croscopy

Due to part1a1 water remova] from potato ce11s dur1ng freez1ng
and thaw1ng, fo]]owed by rap1d dehydrat1on dur1ng predrywng, cons1der-

; hab]e shr1nkage}of the: ce1lsv0ccurs This resu]ts 1n F-T granu]es hav1ng.}

4,
a

w5



F1gure 20 L1ght ﬁhotom1crographs of A-B Potato Granules Reconst1tuted

“in Water (a) Untreated; (b) Treated w1th 0 4% Monog]ycer1de.
Magn1f1cat1on x.50. :
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| F1gure 21. Light Photom1crographs of F-T Granules Reconstituted in
Water. (a) Untreated; (b) Treated With 0 4% Monog]ycer1de

- Magnification x 50.

3‘.%,
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Table 25. Effect of MOnog1ytéride Concentration on the Extent of Starch
' Matrix Separation from the Cell Wall in F=T and A-B Granules.:

ﬁﬁx‘ . Cells Showing Starch‘Matrfx-Ce11vWa11 Separation'
b‘»b . E . . - %

Mghogiycgride%'%£f51g;f F-T ' ‘ ; | : A-B

R AT 2.0 £1.0 - . 26.7 £ 3.0
o 02", . . 1L7%2.0 . 38.3£2.6

B © aesxzog o 433%30

. 0.5 ca ; ﬁ;16.6f¢{2;5 LR 437525
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- an anguTar shape and shrunkenuappearance, and g1ves r1se to a- Tower ' |
bu]k dens}ty (0 80 O 85 g/cm ) when compared to that of’ A B granuTes, n
"T thCh are mostTy round (Flgure 22) and have a buTk dens1ty cTose to L

\',_o 9 g/cm ‘_j*_elvur;vrf7:f4.ﬁ.~

Surfacerstructures of hrB and F T granuTes are presented in ‘*r

S F1gure 23 ‘The f1rst 1s more compact and dense wh11e the Tatter ‘surface s

"»15 spongy and porous w1th a preponderance of smaTT pores f"”i:_j; jff.{b

\

"55?‘ The porous nature of the F- T surface coqu account for the fast

'""g-,frehydrat1on rate of these granuTes F1gure 24 aTso shows that f1ssures

ft'og% the" surface of F T granuTes may penetrate very deepTy, thus

"_irfcontr1but1ng towards an 1ncrease 1n 1nternaT surface area wh1ch coqu c- ;‘,3_f}f’j"

u':7;uaTso account for fast rehydrataon Flgure 25 shows the untreated A B and

[ ﬁ,@iof ceTTs show1ng separat1on of the starch matr1x from the cw was found

ﬂF T mash before further proce551ng As 1n )1ght m1croscopy, the number :"

o
s ;
3

'.to be h1qher in the mash of the A«B process The mash after treatment

'x‘w1th O 2 and 0 4% monogTycer1de, 1s shown 1n F1gure 26 At both TeveTS';ffi1:"*

R

" the c0ntract1on of the. starch matr1x wa4 greater in A B than F T mash

””f‘Th1s separatlon was reta1ned by reconst1tuted granuTes (treated w1th

s

\

4ATso, an 1ncrease of monogTycerlde Tevel from 0.2 to 0. 4% brought aboutrt‘ '

' fonTy a- negT1g1bTe change 1n the extent of starch matr1x - Cw separat1onﬂ

'7f0 4% monogTycer1de) hydrated at 24 C (F1gure 27)' Even here A-B. granuTes R

";showed greater separat1on than F- T granuTes Hence the count of c€TTs s .

: _fshow1ng th1s separat1on was greater\W1th A- B th; A 1 granuTes,
conf1rm1ng the f1nd1ngs of Tlght m1croscopy ;. ?f”
h e Dji BN i
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F1gure 22 SEM M1crographs of (a A B and (b) F T Potato Granu]es Show1ng
B o S1ng]e Ce]]s and Ce]] Aggregates Sma]]er than 80 Mesh
Magn1f1cat1on X 150 ’
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F1gure 24 SEM M1crograph of an F- T Granu1e W1th F1ssures
' Surface. Magn1f1cat1on x 100. ’ '
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Figure 25." SEM-Micrographs of Potato Mash not Treated With Monoglycerides.: )
2 (a) A-B Process; (b) F-T Process. Magnification x 2800.
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: FiQUre 26;,SEM4Mjcrographsnof Potato Mash Treated With 0.2 and 0.4%
' - Monoglyceride. (a) A-B Processj (b) F-T Process.
- Magnifications: (a) x 280 and (b) x 2200.
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F1gur‘e 27. SEM M1cr‘ogr‘aphs of Rehydrated Granu]es Processed With C %,\;
0.4% Monoglycemde. (a) A-B Granules; (b) F T Granules. | L
Magmﬁcatmn x 1500. ) s : ‘ i
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" of Jadhav et a]; (1976) and Jer1cev1c and Le Maguer (1975?.

3.7. Relative Rehydrat1on Rate ’

KA
) 4

The rehydrat1on rates of F-T and B granu]es are presented in

Table 26 The rates decreased after monog]ycer1de treatment. The rate

of F- T exceeded that of A B granules by 7.0% in the untreated state and
by 6 8% when treated w1th 0.4% monog]ycer1de No further change in \
rehydrat1on rate was observed above 0.4%. The findings suggested that

an econom1ca] ta11or1ng of the granu]es rEhydration»rateuis within.the

O 2 1eve1 of added monog]ycer1de The resu]ts with‘reSpect)to the“:

1ncreased rehydrat1on rate of F-T over A B granu]es, agree with those 4

A contro]led'rate of rehydrat1on'of potato grahu]és(in.co1d;

© water is 1mportant 1n manufactur1ng h1gh qua11ty extruded French-fries.

* b}

‘The rate of water reabsorpt1on by dry granu]es mu#t be suff1c1ent1y Tow ™

to allow un1form rehydrat1on and m1x1ng of the qranu]es Qoraikul and

' Mo]ed1na ¢1980) stated that a dough with sat1sfactory hand11nq and

- extrusion propert1es for French fry manufacture cou]d be . produced on]y

! —

w1th granu]es with a rehydrat1on rate of about 5 7 x 10 “2 sec. -
~ | @
y by

As shown in our study, such a Tow rate cannot be ach1eved 5017

U

a

e . N . ) . . ‘ ) w' i .

LR R . . .- o -

- %
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Tab]e 26 Efféct¥0f Monoglycerlde Concentrat1on on. the\Rehydrat1on’ ;  “12"""'
e Rate of F-T and A-B Granu]es B R T el

' sz’f¢ & ¢”?,f3f’: Rehydrat1on Rate X 10 Zsecf}stz,”

W

S ”°ﬁ591Y¢é5idés°%°""'v”'p'-ﬁ’Q*»“”f~f§?'.F;T;{“Je**ff .‘”7;AjBfi;v o

RS el g h‘” fff§f,1fy5flf?ff-ff -'A"8 90 0. 40,:?;.j 8T32f£?O?45v:g e
= 0.45

T

0.;‘2':5, N

S

g e e {']1v7f7l73*"0711:,1jjl,7*23.£ 0.15

|+

gt et ?7if}1ff'f7 68 0. 10f,‘?* 1o 0,10

L

B ;;'f?,fﬁ};.? 68 & 0. 10;-ﬂf? f7 19 0.100
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1 , i ,
R " v R .
g : a. S (t . Co : | ;C
’»*{y4,- EFFECT OF. STORAGE TEMPERATURE oN SOME REHYDRATING PROPERTIES OF
e POTATO GRANULES.v. ,°5\§;,‘ L R |
4 1 Mo1sture Content nwf S
T R L \“ . o, : A F{;' : :
Dur1ng the 1n1t1a1 14 weeks of storage at 4 o the mo1sture S

/

’content of untreated gran Tes 1ncreased by- 7 6 (F T) and 9. 0% (A B)f)

'\)viand then decreased (TabTe 27) Dur1ng the same per1od at 25 C the ;

~

:fmo1sture\content of these granuTes 1ncreased by onTy 3. 7 (F T) and

| Tdur1ng the f1rst 2 weeks by 1 2 (F T) and 1. 6% (A B) and thereafter vr;;;;;/—~9“‘*

-'4 8% (A B) The correspond1ng vaTues for treated granuTes were 5.9 (F T)
'j‘ﬁand 7 5% (A B) at 4°c and 2 8 (F T) ana 3 6% (A-B) at 25 c (TabTe 28)

The mowsture content of untreated granuTesjat 4 C 1ncreased

in d b o 2 4 d'1.7% F- T d by 2.3, 2 d2; 0% A- B g
1ncrease Y 2 an A ( ) an );Eﬁ/’/,ts,an »( ) a

/

-{_1ntervaTs of 4 weeks unt1J/attaTﬁTﬁgﬁthe 14 week storage per1od However, k
v‘;{at 259¢ the mo1sture content\of these granuTes rema1ned unchanged dur1ng
:~’jthe f1rst 2 weeks and then 1ncreased by 1 1 1 6, 0 9 O 7 and O 5% (F T)
':fand by 1 4 2 0 1 3 1 0 and 0 7% (A B) at 1ntervaTs of 4 weeks unt1T

e

ff“atta1n1ng the 22 week storage per1od o _) 75v . :S'Ll;-:ff f : ‘\s;;:

The corresé’nd1ng va]ues at 4 C for treated granuTes were 1 0

,“-;1 5 2 D and 1 3% (F T) and 1.3, 2 0 2 3 and 1 8% ( - ) and at 25 C

E 1these were O 8 1 2 O 7 O 5 and 0 BA (F T) and 1. 1 1 6 O 9 0 7 and

| ﬁ)o 5%, for\A B granuTes o Gl ‘
,{j4 2 Swe111ng Power 7,}-5'»» e -

'f,

The sweTT1ng power of untreated granuTes at 4 C decreased dur1ng

')5thhe 1n1t1a1 14 weeks by 29 0 (F T) and 30 4% (A B) and then 1ncreased

’lf Dur1ng the same per1od but at 25 o the SP decreased by onTy 12. 4§§E T)
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' : and 13 4% (A B) However at th1s temperature no SP 1ncrease was

\

observed even at the. end of the storage test (TabTe 29). The correspond—

f - ing decreases at 4% (TabTe 30) for treated granules were 25.8 (F- -T) and.

27, 0% (A B and at 25 C 11. 0 (F T) and 12 1% (A B) These vaTues 1nd1cate

that the percentage decrease 1n SP (dur1ng the 14 weeks storage per10d)

f shown by untreated granuTes are Towered 1n granu]es treated w1th

monog]ycer1de Th1s reduct1on averaged for: both granuTes 11 1 at 4° C and A

10 5% at 25°C respect1ve1y (;):_t S f'T. :( o

| ' The SP of untreated granuTes at 4%c. decreased dur1hg the f1rst
2. weeks bx 4 8 (F T) and 5. 2% (A B and th?reafter decreased by 9 0,
12 1 and 6 8% (F T) and by 9 2 12 6 and. 7. 2% (A- ) at 1ntervaTs of

4 weeks nt11 atta1n1ng a storage per1od of" 14 weeks However, at- 25 C

« the SP of these granu]es rema1ned unchanged during the f1rst two weeks :

>~} and then decreased by 4. 8 5. 0 3 2 2 2 and 1.7% ( ) and/by 5. 2 5. 4

3 5 2 6 and 2 4% (A B) at 1ntervaTs of 4. weeks until. atta1n1ng
storage per1od of 22 weeks The correspond1ng vaTues at 4 C for treated
granules were sl1ght1y Tower for both F T and A B granuTes, and aTso

Tower for both granuTes at 25 C

4 3 water B1nd1ng Capac1ty o ‘;_;*f ‘fﬁ B *’°’) L v'm, _

' The water b1nd1ng capac1ty (WBC) of treated granuTes at 4 C

: decreased dur1ng the 1n1t1a1 14 weeks by 25 0 (F T) and 26 8% (A- B)

and then onTy sT1ghtTy 1ncreased However dur1ng the same per1od at
25 C the WBC of” these granu]es decreased by onTy 10 8 (F T) and 11 6%
(A B) As in SP, no 1ncreases in WBC were observed at th1s storage 3

o
temperature (TabTe 31) J ;n'
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4.4. Rehydration Rate.:

. The rehydration rate of treated granuTes at 4°¢ (Tab]e 32)
adecreased .during the 1n1t1a1 14 weeks by 25.7 (F- T) and -28. 0% (A B)
_and then 1ncreased HoweVer during the same - per1od at 25° C the
rehydration rate of these granules ‘decreased by only 11.4 (F-T) and

~

12.4% (A-B). As in SP and WBE, no increases'(n.réhydration rates were
‘observed at. th1s temperature‘ / s | o
) The rehydrat1on rate of the above granuTes during’ the 1n1t1a1
tmo:weeks at 4°¢C decreased by 4 1 (F—T) and 4. 5% (A B) -and thereafter by '
7.2,-9.4 and 7. 8%,(F T) and by 8.0, 10.7 and 8.6% for A-B granules.
..However, at 25 C the réhydrat1on rate rema1ned unchanged dur1ng -the f1rst
~two weeks and thereafter decreased by 4 2 4.4, 3. 2, 1.8 and 1. 6% ( T)
and by 4.5, 4.9, 3.6, 2.8 and 2.4% (A B) | &
A1l these resuTts show that dur1ng the 1n1t1a1 14 weeks the

_average decreases in rehydrat1on parameters SP, WBC and rate of
rehydrat1on amounted to 25 5 (F—T) and 27. 3% (A B) at 4°C ‘and 11. 1 (F T) )
?and 12. O% (A- B) at 25°C, respectively. R ii o b 5}‘

» The observed decreases in SP WBC and rate of rehydratlon, and
nthe 1ncreases in mo1sture content c0u1d be part1a11y attr1buted to
starch retrogradat1on w1th1n the,potato_granu]es (Potter et al., 1954
. 00ra1kuT‘and MoTedina 1980), which‘makes unavaiTabTe,free~hydroxy1
'groups for water absorption. Retrogradat1on was observed even at
moisture contents of 7. 3%, -as was also found in a reTated study by

Ooraikul and Moledina (1980). Retrogradat1on rates were seen to be h1gh1y

.temperature dependent w1th 1ncreased rates exh1b1ted at Tower storage

temperatures (4 C) These resuTts agree wwth similar observatlons by -

Katz (1928) Whistler (1965 and Brenan and Sodah-Ayernor (1973)
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The'slower rates at elevated temperatures (25°C) could be either due to
kinetic motion of molecules and more random assdciation (Sterling, 1978)
or to the formation of a more symmetrically perfect crysta] structure
(Co]we]l et“a]., 1969). The Iatter authors indicate that formation of

such a structure could impose limitations in the availability of

molecules for crystal formation resulting to a less total crystallization.

When compared to a control, a decreased rate of SP reduction and a
decreased rate of moisture content jncrease was observed with granules
complexed with monoglyceride. These observations support.the statement
by Krog (1971) that complex’ format1on between monog]ycer1de and amy]ose
- helix h1nders further rea1lgnment (retrogradat1on) of amylose cha1ns
Therefore the main cause for the decreasgs found for comp]exed granules
would be the 1ncreased blnd1ng of monog]ycer1de to the available amy]ose

' he11x dur1ng storage

After the initial acceleratlon phase ‘the rate of decrease in the -

rehydrat1on parameters (1n both comp]exed and uncomp]exed granu]es) was

“found: to decrease with t1me W1th greater decreases at 4°c. This cou]d be' o

exp1ained in the case of comp]exed granu]es; as being due to b1nd1ng‘of
the major portion of the ear11er uncomplexed monoglycerlde ‘to the’ he11x
to occur during the 1n1t1a1 10- weeks storage However,_1n untreated
granu]es the 1n1t1a1 acce]eratlon phase could be attr1buted to rap1d
'amy]ose retrogradatlon (Whlst1er, 1965) , whereas. the subsequent s1ow
dece]erat1on phase could be attr1buted to retrogradat1on of ‘the. 11near

port1ons of the amylopect1n cha1ns

4.5. Thin-Layer andvGas Liquid Chromatography.

. . ) . . .
L. Cdeek 2l memilamn” mmmnTaudina kit +ha.addad mananlurarids in
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fresh and stored granules was revealed by thin-layer and gas liquid
chromatography.

Table 33 shows the total 1ipid content in fresh and stored
'granules. On storage at 25 C, mOnog]ycerides which were initially free
became gradually bound to the amylose he11cesﬁ From Tables 34 and 35
it is seen that in the fresh grand]es 15.5% of the total monoglyceride

was bound to amylose, whereas in 6 months stored granules this amounted

to 30.5%.

4.6, x-ray_Diffraction.

. Pro1onged storage'at 4 and 25°C brought'about an increase in

1ntens1ty of the d1ffract1on patterns, espec1a11y that of "V"- 11nes
However these patterns were of h1gher 1ntens1ty 1n granu]es stored at
4°c (F1gure 28 and Table 36). o '

It has been shown by an X-ray. camera technxque that freshly
prepared starch pastes show an Y- pattern when precipitated with
a1c0h01 wh11e during retrogradat1on the alcohol- precipitated paste
gradua]]y deve]ops an increasing 1ntens1ty of the "ﬁ" -pattern and a
_decreas1ng 1ntens1ty of the "V'-pattern (Katz, 1930 Ster11ng, 1960).

Qur resu]ts on granules differ. On the bas1s of X- ray d1ffract1on'
studies of oriented "B"-amy]ose fibres prepared from potato amy]ose,

: Sarko and Wu (1978) suggested that the amy]ose chain in "B" starch is
character1zed by a r1ght -~handed, para11e1 stranded double helix packed
in an ant1para11e1 manner In the presence of comp]ex1ng agents, the
double helix converts to .a single helix ("v" amy]ose) These duthors

were not in favor of a "V" to "B" transformatlon Furthermore, Dragsdorf

and Varriano-Marston (1980) showed from X—ray stud1es on starch washed
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‘Figure 28. < X-ray Diffraction Patterns of F-T Granules Stored af .-
s __a'ndj_i25°c,.‘ The R\e"gion ‘Scanned iCorresponds to 3'-32?,7 20,
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. ‘;Zobel (1973) has shown that fresh1y baked brea

1ncreased when surfactants were used

,'5assu

'pru1ed out However, th1s s not so w1th Clb monog]ycerld

v*; ‘4 7 Scann1ng E]ectron chroscopy

t

, from fresh and stored bread, that the y hydrate form was ma1nta1ned

.1n1t1a11y w1th 1ts 1ntens1ty 1ncreas1ng on' storage nyrthermore,

1thout added

:‘ was an amorphous h; ; caused by ge1at1n1zed starch Dur1ng storage the . —

B4

r resu]ts are in agreement w1th

s the above observat1ons//5/moiecu1e 11ke ethano] would not cdmplei’arylose

on 1s based on our f1nd1ng that a cha1n 1ength of C16 is super1or

;Lto that of the more hydroph111c C8 1n comp]ex1ng amy]ose Therefore W1th -

ycer: ,‘wh1ch wou1dv

':]prevent the proper a11gnment needed for doub]e he11x reoccurence

- Thus, 1ncrease in "V" 11nes 1ntens1ty dur)ng storage cou]d be attr1buted

r

'to 1ncreased b1nd1ng of the monoglycer1de as proven by us by th1n 1ayer

'.gand gas 11qu1d chromatograph1c analyses “The" greater 1ntens1t1es of

t

| ’th1s pattern at 4 rather than at 25°C cou]d be due to Tow klnet1c . e‘/h//

S actlon between the nncomlng monog]ycer1de and amy]ose he11x

..

Corroborat1ng the above f1nd1ngs are the m1crographs prov1ded

in Flgures 29 and 30 The starch matr1x separat1on from cw was seen to

o

[p'mot1ons of the mo]ecu]es at a, lower temperature favor1ng better 1nter—b"' i

/:1ncrease dur1ng storage at 4 C, reach1ng max1mum separat1on at the end "“

‘193

L

arch crysta111zed ("B" type) wh11e the 1ntenslty,of/“vﬁ/;:nes f ;~_-
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. <

v F1gure 29/ SEM M1crographs of. Rehydrated F T Granu]es Processed W1th ;'.,

-

0. 2% Monog]ycer1de and Stored at 4 C.. (a) Fresh Granu]es,l

C ‘»~~i};-j‘( b) After Six Weeks Storage,_(c) After Ten Weeks Storage,{,ff,f f;k4L3'eef;']ff

’.(d) After Fourteen Weeks Storage Magn1f1cat1on X 700

SRy
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: F1gure 30 SEM- M1crographs of Rehydrated F-T Granules Processed With
0. 2% Monoglyceride and Stored at 25° C. (a) After Ten Weeks -
. Storage; (b) After Fourteen Weeks Storage Magn1f1cat1on X 1000,
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of 14 weeks (Figure 29d). However, granu]es stored at 25%¢ for the, same
1ength of t1me showed only negl1g1b1e separation (Figure 30b).. Crysta1s,
were observed on the surface of fresh]y prepared granu]es by, Fedec et a]

(1979)_and Ooraikul and Mo]ed1na;(1980). These crystals were assumed

by Fedec et al. (1979) to be those of‘KC] 'based'on an earlier observa- .

't1on by Steele and Hadz1yev (1976) that granu]es prepared in a s1m11ar
manner read11y formed propy]ene ch]orohydr1ns upon exposure to gaseous
,dpropy1ene oxide. , ‘ e : o . o . | , .
However, such KC] crysta]s were not observed in th1s study
- Ooraikul and Mo]ed1na (1980) observed that these crysta]s d1sappeared.
- on storage, and attr1buted the 1ncrease 1n rehydrat1on parameters (after
'ethe tn1t1a1 decrease) to‘h whith d1ffuses 1nto granu]es:after be1ng’
hv disso]ved fn‘the water,re1eased by‘retrogradation;and\which bindsfwith the
.orthophosphate groups of amy]opect1n This wou]d‘seem rather un]ike1y,

since the ex1st1ng-Ca *2 br1dges between two phosphor1c aCTd‘ester groups

either 1n the same amy]opect1n cha1n or between- two adJacent cha1ns
)

wou]d prevent such a b1nd1ng, and a_ching@ in rehydrat1on character1st1cs

Morsi’ and Sterllng (1963) and C1acco and Fernandes (1979) have
shown_that retrogradat1on rates in: starch ge]s conta1n1ng ha]ogen 1ons
.increased in the following order.\I’; Br’,'C]-,th and those conta1n1ng

‘cattons in the order: Kf, Li* and Nat aMors1 and Ster11ng (1963),have
'suggested that e]ectron c]ouds of 1arge an1ons such as Br and I~ are
'ea511y po]ar1zed in an e]ectr1c field, resu1t1ng 1n charges concentrated

at the po]es. These negatlve part1a11y can: separate the proton of

.,the'hydrokylbgroupsuof starch,ucaus1ng’the starch core to be charged

negat1ve1y Thus, on storage, s1m11ar1y charged mo]ecu]es 1ose thelr ?-

tendency to retrograde However sma11 an1ons such as F and C1~ have_abr,h

£l
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symmetrical charge distributton‘and therefore would have a relatively
sma]]rtendency to attract protons from the hjdroxy] groups of starch.
| On the basis of the above ev1dence diffusion of KC1 into the
granules on storage wou]d in fact decrease, rather than increase the
rehydrat1on parameters as env1saged by Oora1ku1 and Mo]ed1na (1980).

Thus, some other mechan1sm rather than KC1 d1ffu51on must be

Yo
i

’,respon51b1e for these changes. P

ALY

5. PECTIN—MONOGLYCERIDE INTERACTION.

¢

5.1. V1scos1ty

Monog]ycer1de at a concentrat1on of 0.2% caused ‘a 5.0% reduction

(minimum value) in viscosity of a 1% (w/v) potato pect1n solution at

70°C. Any*further increase in monoglyceride levels resulted only

“in viscosity tncreases (TabTe'37). The,viscdsdty of a monog]yceride/water
‘solution differed‘from those of monog]yceride potato‘pectin'so1ution SR

.at 70 C by only’ é 0, 5.2 and 4.6% at monog]ycer1de concentrat1ons o;

-
" i

0, 0.2 and 0.5%, respect1ve]y (Tab1e 37) e T o

The v1scos1ty of a solut1on of 1%. (w/v). c1trus pect1n with .

'degrees of ester1f1cat1on rang1ng from- 43 54, 54- 65, and 65- 72 were -
. a]so reduced to minimum values by a O 2% monog]ycer1de concentrat1on

‘ This'reduction amounted to.5 2, 5.0 and 4.5% respect1ve1y, and henge

appears not to be affected by ester1f1cat1on gegree (Table 38). //

‘A decrease of approx1mate1y 5.0% was a]so observed ind 1% (W/V) ey

i

'slow-set genu pect1n so]ut1on (70 C) onta1n1ng 0.1% surfactant cons1st1ng :

of a b]end of g1ycery1 monostearate ‘and. propy]ene g]yco] monostearate

(Oora1ku1 and‘Hadz1yev, 1974) A surfactant increase beyond O 1% 1eve1
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boil Se02

| x‘tresuTted onTy 1n v1scos1ty 1ncreases In the assay a Brookf1e1d |

B ;Synchro Lectr1c Vlscometer was used The increasg in v1scos1ty after'c~

} : o

’ »vdreach1ng a m1n1mum vaTue the authors attr1buted to m1ceTTe format1on:

'f;ﬂby the excess monog]ycer1de df g.ﬁf“'»kg; e ’idfb_“f‘i s‘g,f‘L

: _ The 1n1t1a1 decrease “in v1scosaty as ver1f1ed 1n thTS study
1vshou1d not be attr1buted to cTathrate format1on between pect1n and

'_yﬂmonogTycer1de The absence of prec1p1tate format1on on cooT1ng the R
' 5pect1n/monog]ycer1de so]utlon the cTose s1m11ar1t1es in v1scos1t1es

”‘7between monog]ycer1de/water soTut1ons, and monoglycer1de potato

| 7'dpect1n soTut1ons at 70 C corroborates such a suggest1on In add1t1on,‘ﬁ..f~e'

"iﬂa true cTathrate format1on woqu be ref]ected by at Teast 45% decrease 3
'fJn v1scos1ty (Hoover and Hadz1yev, 1981) | | L | l
'”‘ It 1s h1gh1y un11ke1y that pect1n w1th 1ts negatlvely charged

' *"carboxyl groups coqu form stab]e heT1caT segments, s1m11ar to amyTose,‘a =

""fhfprerequ1s1te for cTathrate format1on In add1t1on, the methoxyT groups

‘dtm1ght ster1ca11y h1nder the 1nteract1on between pect1n and monogTycer1de
ey Hence the observed v1scoslty drop 1n a monogTycer1de pecﬁ1n flg_‘

’system coqu be attr1buted to a surface adsorpt1on phenomenon

‘>}"5Q2L¥DifferentiaT Scanning‘CaTorimétryf"

7 7f Corroboratlng the v1sc051ty f1nd1ngs are the resuTts of

,,,,,

' .?fftemperatures of a. monog]ycer1de pect1n system resembTed cToseTy those

':::y?fcan be cons1dered a8 a strongest proof that no c]athrate format1on

of 1ts components nat1ve pect1n and pure monog]ycerlde Th1s flnd1ng

“foccurs between pect1n and monogTycer1des Therefore monogTycer1des

‘cyvfadded dur1ng granuTe proce551ng compTexes soleTy W1th the amyTose S

”"7'm01etyrof-the starch.
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| V SUMMARY AND CONCLUSIONS |
_ M1croscop1c observat1on and ana]yt1ca1 data obta1ned by X ray
,;'_d1ffract1on, v\scos1ty, turb1d1metry and d1fferent1a1 scann1ng |
'ca1or1metry proved that starch gra1ns and 1 (C C18 fatty ac1d)

bcmonog1ycer1des (or fatty ac1d K sa]ts) 1nteract.to form clathrate

"l",compounds wh1ch contr1bute to 1mproved gra1n stab111ty The h1ghest

'f:_stab111ty was ach1eved w1th monomyr1st1n, hence, such gra1ns had the 7}; .
',j1OWest so]ub111ty, SP WBC and v1scos1ty based on 1eached out amy]ose :j'd

; j7.‘-Re1at1ve to nat1ve starch the starch gra1n comp]ex had doub1e the

:'2‘}.‘entha1py of fus1on per g]ucose un1t 1rrespect1ve of monog]ycer1de

‘cha1n 1ength However the spec1f1c entha1p1es revea]ed that equ1mo]ar
“v‘amounts of monog]ycer1des b1nd the ava11ab1e amy1ose to an extent of -
‘;{36 5 to 91 2%, w1th the h1ghest b1nd1ng ach1eved by monomyr1st1n

", S1nce amy]ose comp]ex1ng w1th monog]ycer1des was related to

L ;5other data, 1t appears that the starch gra1n stab111ty data mere]y

v,,reflect the extent df amylose comp]ex1ng w1th1n the gra1n R

'A'v—\' .

The 1nteract1on of monog]ycer1des w1th amyTose 1n mode] systemsfﬂ- <

'h‘“cons1st1ng of so]ub111zed and 1ntact starch gra1ns and who]e potato T

l":;':ft1ssue revea]ed that monoglycerwdes possess1ng a—crysta111n1ty (ge]s)v" o

"lwere found to have a h1gher comp]ex1ng ab111ty w1th amy]ose than those

3{fw1th B crysta]11n1ty (m1crobeads) Furthermore pa1m1t1c ac1d type

SF fmonog]ycer1des were found to be more effect1ve than stear1c ac1d types A

| 1n caus1ng amy1ose 1nso]ub1112at1on Regard]ess of monoglycer1des used

“Vbamy1ose comp]ex1ng was more eff1c1ent at h1gher temperatures and 1ongeri‘;.'d"“'*'

' _mash-m1x1ng t1mes Thus, the commerc1a1 A B potato granu]e process 1§

.,best performed by the add1t1on of C16—type monog1ycer1des‘(as a ge] of _u“ A

‘;'pH;6.5) 1nto hot mash at 70 C and mash m1x1ng t1me for at 1east 40 m1n

B '2'0'43-1_"“_‘-] ey
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Monog]ycer1de add1t1on in a potato granu]e process was found
‘to decrease the SP WBC BVI- and rehydrat1on rate and 1ncrease the
'k’count of 1ntact sound ce11s However, 1ncreas1ng the 1eve1 of |

monog]ycer1des above 0. 2% changes these qua11ty parameters by on]y

b v‘a neg11g1b1e extent Therefore the app11cat1on of monog]ycer1des ina f:ff :

.~granu1e process at a: 1eve] above 0 2% is. not benef1c1a1 :
| M1crosc0py, X= ray d1ffract1on and data obta1ned for SP WBC//

"; 'and rehydrat1on rate proved that storage of potato granu1es at 4° C

%,rwrather than at 25 C br1ngs about a faster and greater reduct1on 1n

”--rehydrat1on parameters thus 1ead1ng tO rehydratmn rates more - su1tab1e'ft';'"

"}for extruded French fry manufacture The reduct1on of SP NBC and

‘Qgrehydrat1on rates dur1ng storage 1s due to the add1t1ona1 b1nd1ng of
.monogtycer1des, whlch were free 1n the fresh granu]es, w1th the amylose ‘

rhe11x However, storage up to 3 months at 4 C may not be econom1ca11y

Pfiadv1sab1e and may a]so resu]t in the deve1opment of off f]avors

'{”’suggested ear11er in-a para11e1 study 1" th15 Department

PfiTherefore, ‘the. most pract1ca1 method of obta1n1ng 1ow rehydrat1oniﬂ:’”;'"

+2

frates wou]d st111 be the add1t1on of Ca . to precook1ng water, as;-“
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