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changes and o obt 'n 1nformat1on on surface structure of:.potato ce]]s as.

affected by tﬁ%’co ‘erc1a1 "Add- Back” (A B) and the "Freege ~-Thaw" (F-T)

processes for potato granu]e product1on The information was then

w o :re1ated to other data on granu1e proce551ng and end-product quality.* A

. compar1son of the two processing methods and the resu1t1ng products was
uvmade The SEM study revealed that- freezing of mashed potatoes 1n the
- F-T process greatly acce]erated the rate of dry1ng in subsequent steps
by 1ncreas1ng the porosity of the starch matrix and the cell wall
~ through ice crysta] formation. The resu]tant granu]es reabsorbed water
1\at a%fasteryrate and more‘consistent ratio than the A-B granules.
| The significance of precooking was studied with potato tisSue and
model systems (purified ce]] wa11 and middle 1ame11a (CW/ML), pectin:-
methylesterase (PME) and maJor tuber cat1ons) Steam ‘cooked potatoes
rece1v1ng a precook1ng (70°C) and cool1ng treatment weref41rmer and
showed Tesser so1ub111zat1on of pectic substances than those cooked
w1thout the pretreatment Cooked potato t1ssue wh1ch had been precooked
i | at 70° or 75 C in the presence of ‘added ca1c1um was s1gn1f1cant1y _
—firmer than that precooked at 65° C, 1nd1cat1ng that PME-had a 11;T¥éd
@ J., band poss1b1y negat1ve ro]e in the f1rm1ng of potato tissue.

a,

“r xDur1ng precook1ng, sta ch gelat1n1zed and released ca1c1um to form
L [

Ca -bridges with free carbOXV1 groups on the gaTacturonan Cooling

stab11lzed these brldges, renderlng the CW/ML pect1ns more resistant

¢

to further thermal deg at1on during final cooklng Eg: results" ‘ i;b

. ~ .
showed that precooklng and\cool:ig were needed to produ the firm potato

Comy
-

t1ssue and cell wa]l essent1a1 to the mash—m1x1ng operation of the A- B '*fj

s 1
sy og "

e et
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process. 'However the pretreatment was-found detrimenta] to the F-T.

R

| process. . The rgduct1on in the- degree of so]ub111zat10n brought about

by the Ca brldges resu]ted in greater 1nterce11u1ar cohes1on, caus1ng

orocess efficiency was also greatly reduced. . .

The batch F-T process was successfully modified to a semi-continuous

_one by connecting a cyclone collection syetem between the pre-drying,

granu]at1on and dry1ng steps, and by varying st1rrer speed, and air

temperature and ve10c1ty

e
3

Storage of the potato granules for about 33 weeks resulted in

manimum retrogradation and water holding capacity, and minimum swe]iing.
This reduced the rehydrat1on rate and 1mproved the extrusion propert1es
of the dough made from granules.

An Automash machine was,successfu11y_adapted to reoonstitute the
granule mix for the production of-extruded French.fries.._A unifonn dough
oould be\producedwwith the modified technique. The formula developed

for the extruded French fries was well acceptedvby taste-paneils,

poor cell separat1on and excessive cell damage on mash1ng. The overa1l :)

PN
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INTRODUCTION

Pokatoes provide 25% of the world's food from plants and are a
staple in the diet of ﬁény people. Dehydrated instant mashed potato
granules are becoming increasing1y accepted, eSpecial]y with fhé
convenience-food oriented'sbcfety in the Western Hemisphe+e, This has
led to the develgpment of various progesses'for the_manufacture_of the
grénUTes, the so-called Add-Back (A-B) process being the most succéssfuf
commercially (Boyle, 1967). A pilot-scale Freeze-Thaw (F-T) Process,
introduced by‘Ooraikul (1977), had'nUmerous‘advantages'over the A-B
process., ‘The F-T brocess‘is simple to operate and control, and requires
simpler and smaller equipment to produce the same amount of product.“'
The 1attek advantage is met by eliminating recycling of 85-90% of the
dry product, a major feature of the AFB process. The granuTes obtained
byathese two processes differ in their physicochemical characteristics.
The reconstitutéd mashéd potatoes from the F-T granules are supefior in
textural qda]ity, and both the f]avour and colour of the product resemble.
those of freshly mashed po%atoes (Ooraikul, 1974). However, more
devélopment is neces;ary before the F-T prqcess'can be commercially -
feasible. |

One of the essential feat@res of the A-B procéss is that potatoes
are precooked 1in watér at;654805C_for-20-30 min, and cooled before they
are cooked for further'pfpce;Sinq/(Cokding and w111ard, 19545 0lson énd
Harrington, 1955). The exact ﬁafure of the precodk treatment is still
not well understood. However, the most important effect is that potatoes
have a firmer texture than those not precooked (Bartolome and Hoff,
1972b; Pbtte} et al., 1959; Reeve, 1967). The precooking treatment

improves the quality of A-B granules (Eording and Willard, 1957), but its



effect on the F-Tfprocass has not been studied.

Recently, there has been an increasing'demand for potato granules
for tha manufacture of snatk b?aaucts. One such use isothe production
of extruded French'fries.A Frieshude'with a French fry potato mix haVe
a number of advantages, incTuding dry storage af the mix, 90 sec
frying time, reduced shrinkage, Op to ‘two hour ho]ding time after frying,
~ and year round uniformity of the broduct'(Jadhav et al, 1976). However,
extruded %rehch fries have not been §0mmercia11y successful due to
reconstitution and hand1fng problems, which have resh]ted in fries haQing
a ‘ragged appearance, a tendency to st1ck or crumble during fry1ng,.
excessive 1mb1b1t1on of 0il, and unacceptab]e texture and eating qua11t1es.
Some of these problems are common in the manufacture of other snack

products having potato granules as a major ingredient. Indeed, secondary

uses for the graniles would inérease if these problems could be solved.
I's : ' '



OBJECTIVES OF THE TNVESTIGATIONS

"The main objective of the present work was ta understand some of
the factors related to the Freze-Thaw andth Add Back techniques and
the product they produce, and m particular t e]uctdate the nature of
“the precook treatmeni. Another purpose was to degédop a better formula
and reconstitution techniqUe for extruded French fries to obtain a
product with improved texture and eating quality, and freedom from
o111ness The fo110w1ng areas were chosen far deta11ed study:

2.1. Structural changes in potato tissue‘during processing as

viewed by scanning electron microscopy.

Phys1ca1 properties of foods are very often corre]ated with their
subm1croscop1c structure. Therefore, scanning e]ectron microscopy
(SEM) was used to characterize the structura1 changes in the potato
t1ssue that occur during each of the steps in the A-8 and the F T
processes. The information obtained cou1d reveal weaknesses and
advantages.of each process so that they might be corrected and optimdzed.

2.2 Effect of-the procook treatment in the F-T process.

The exact naturefof the4recook treatment, which has a profound
effect on the quality of thg R-Etgranu]esﬂ is not well understood. It
was advisable to determtne the e#¥ect.and usefulness of the precook
treatment in the F-T process This port1on of the stud1es 1nc1uded
firmness ﬁeasurement of.1ntact tissue, f1rmnes ‘and glueyness measure-
ments of freshly mashed and reconstituted ﬁa;th potatoes, changes in

water- and calgon-soluable fractions of pectic substances, and SEM

studies of cooked potato tissue with and without the precook treatment.



2.3. Model studies on the role of PME, cations and starch in the
. firming effect of the precook treatment‘of potato tissue.

A study with model systems capsisting of purified potate ce]i wall,
pectih methylesterase (PME), starch and major catiens in the potato
tuber was undertaken't& clarify the roles of these potato constituents
in the firming effect induced by precook1ng PME was extracted from
potato tissue and 1ts pH and temperature optima were determ1ned The
degree of pectin demethylation and solubilization as affected by PME,
Ca2+5 Mg?+ and starch during precooking and cooling were evaluated.

"The effect of added Ca2+ on tissue firmness was also determined in situ.

2.4, Further development of the F-T process.

The F-T technique has several advantages which indicate that it
cou]d.become-accepted in the industry. Itiis desirable to study the
process1ng parameters in detail and- then mod1fy the batch process to
a semi-continuous one. Such 1nformat1on wou1d be very usefu] in
designing a contihuous process of pilot or commercial sca]e, and would
enable the control of protessing conditions so that the final product
‘cou1d_he modi fied to megt any usage requirements set by customers.
Studies of the processing parameters’were conducted under batch operation
to determine optimum processing conditions with respect to the tempera-
ture of the thawed mash for effictent predrying, the moisture content
of the predried product for efficient granulation, variation of raw
material, ahd efficient stirrer design. Under a semi-continuous opera-
tion, the'prqcessing parameters studies were air velocity, temperature

and the time optima for predrying, granulation and final drying.



2.5, Physiciodhemica] changes during aging of potato granules.

‘A major drawback of extruded French fry.production is the rapid.
rehydvation of the mix, resulting in a non-uniform dough that cannot be
hand]ed or extruded properly and ;?Z1ds £r1es of poor eating quality.
Granu]ed\wh1ch have been aged formore than six months do not suffer
from thi;AdisadQéntage, but do present a “rancidity probtem. A study was
undertaken\to understand the phys1cochem1ca1 changes occurring during
the aging process and to relate these changes to the rehydration rate of
the granu1es and thé’extrusion properties of the dough. .Characterigtics
investigated included rehydration rate, extrudability, degree of retro-
gradation, moisture content, and swelling power. < -

2.6. An'impfoved process for extruded French fry production.
The forégoing‘brobTems have prevented market acceptance of extrdded

French fries. Attempts to accelerate the physicochemical changes of

fresh granules and hence, lower the rehydration raté of the granules were

unsuccess ful. Studies were redjrected to the improvement of the reconsti- -

tutign method and the formulation of the mix. These studies included
the modification of the commercia11y avai]ab]e automatic mash pototo
reconstitution equipment for French fry mix reconsitution, and the

development of better formulae for the mix.

in-



REVIEW OF THE LITERATURE

3.1. PROCESSING TECHNIQUES FOR POTATO GRANULE PRODUCTION.

The potato, Solanum tuberosum L., is a very important component in

the diet of many people. Recent advances in the food industry have made
pqtatdes available in many processed forms, the convenfence and the
quality of which attract more consumers and higher consumption (Boy]é,
1967) . |

Among thé dehydrated products, dehydrated mashed potatoes, comprised
of flakes and granu]es, have become widely aéceptéd in both consumer and
institutional markets (Feustel et al., 1964). Potato granules are
dehydrated precooked potatoes in granular form that can be easily
"reconstituted to mashedbpotatqes by mixing with hot liquid (Boyle, 1967).
Variohs methods, have been devéioped anq many patents have been isgued'
‘ concé}ning techniques and equipment used for the-production of potato
Qranu]es. Basic information related to potato dehydration was given
by Fedstel et al. (1964). Early technological development of potato
granules has been adequately reviewed by Olson -and Harrington (1955},
Gutterson (1971) and Ooraikul (1973). Recent patents were reviewed
by Torrey (1974), Hanson (1975), and Hadziyev and Steele (1978)}
~Therefore, only a brief reviewabf"hese'processes is given here.
HoWever, the A-B and the F-T processes, the subjects of the presenf
1nvestjgation, will be discussed in more detail.

Potato granules were first developed in England during World War
IT, and then introduced into the United States for home use in 1947
(Feuska1 et al., 1964). The "Freeze  and Squeeze" method‘(Greene et al.,

1949), spray drying (Rivoche, 1951a, b), and solvent extraction

(Heisler et al., 1953), were among the first patented techniques to



producé granules. Rendle (1945), Willets and Rendle (1948), and R1v6che
(1950),‘descfibed.in their patents the "First generation" A-B process'
which required reéyc]ing of substqﬁtia] amounts of the pre?ious]y_dried
granules to. mix with freshly cooked potatoes. Hendel et al. (1962a, b)
patented a direct method for processing granules without recycling of
the dry seed. This was achieved ?y predrying the cooked pbtatoes to a
suitable moisture level prior to conditioning at 1ow‘femperatures, and
granulation. Carison and Evans (1970)»patented a method and equipment :v
for comminuting and drying of cooked potato. Vigerstrom and Strid (19745
preheated sliced potatoes prior to other conventional A- q\steps A
patent by Shatila and Terrell (1976) produced granules without employing
precoéking and copoling steps. Partially mashed steam-cooked potatoes
were pricedvin the presence of glycerol monostearate in order to coat

fhe surfaces of the separéted cells. The additional steps were predrying,
granu]at1on, and f1u1d bed dry1ng During the process amylose so]ubi;
1ized but d1d not retrograde, giving an end- product capab]e of h1gh cold
water absorpt1on. A F-T process wh1ch also omitted precooking and cool-
ing steps was patented by Shub and Bogdanova (1976); Sliced tubers o
were steam-cooked and mashed and the moist mésh was forzen at -10 fo
-40°C for 2 to 5 min. The product was then fluid- bed dried to 8- 12%
moisture. The ruptured cell count was 3.6%.

3.1.i. The Addeack Process.

This process is probably the on1y one ‘used for commercial-scale
production of potato granules (Boyle, 1967), and is described in detail
by Cording and Willard (1357) and Olson and Harrington (1955). Its
basic features are: peeling, slicing, su]pﬁitjng? water-blanching

(precooking), and water cooling; followed by"Steam—cooking, mash-mixing

4



with’recyc1ed granu]es, cond1t1on1ng, rem1x1ng.ha1r 19 ft dry1ng, f1u1d— ;
bed drying, and cooling and sieving.- In an exce]]ent rey1ew Hadz1yev
and Steele (1978), give the following rat1ona1e for the sequence of the
processing stepstb S]1c1ng ensures effect1ve and uniform heat transfer
in subsequent cooking. Precooking and cooling avoids s]oughiness during
cook1ng and imparts the f1rmness to ce]] walls which is requ1red to
withstand the mechanice forces 1nvo]ved in the mash- m1x1ng step.

Cooking brings’ about final softening of the tissue. Hot mash-mixing
results in tissue separation into individualtce1ls or their aggregates
with minimum cell rupture. The conditioning step in a streamof co]d
air is needed to equilibrate the mash moisture content and, by keep1ng

" the mo1sture content above approximately 30%, forces the free starch to
thus increase the friab111ty‘of the moist mash. RemiXing

-

uff-mixing” is done in order to further granu]ate the moist mash

ifto essent1a11y singte cell particles. Th1s and thevprev1ous mash-
ixing step are prerequisites for the moist granu]es‘tO'remain separated‘
and to be conveyed and dried in subsequent air 11ft dry1ng step " The
- Tatter step reduces the mo1sture eontent of the granu]es from approx1-¥
.‘mate]y 30% yo approximately 15% while the following f1u1d bed dry1ng
further. decreases ‘the moisture content to approximately 7%. ,The cooled.
granules are then sieved. A- small port1on‘of the granules of'partic1e‘
'size 80 mesh or Tess fs collected as end- -product, while the rest is
recycled., Part1c1es of 10 mesh or greater are removed as reJects
Though the A-B process has been 1mproved, its basic feature;
‘recycling of substant1a1.amounts (85-90%) of thehprevious1y‘dried
granu1es (Gutterson, 1971), has proven to be its major d1sadvantage

Recycling means repeated: mechan1ca1 hand11ng and heat treatment



Consequent1y there ia a high proportion of damaged cells, deterioration
of the chemical and nutritional qua11tyof the prodUCt, and poss1b1e
extended microbial contamination. This has a bearing on the size and
cost of operation. It also affects the product quality because undesir-
able Characteristics, once‘deve1oped, renain in the system (Hadziyev ,
and Steele, 1978). | ' T - .
3.1.2. The Free-Thau Process. | | ‘

A.direct technique for the production of potato granu1es;‘us?ng
'a freezing and thawing step as anintegraT‘part of the process, was
developed by Oora1ku1 (1973) and later patented (1977) . The process
cons1sts of peeling, cooking, mashing, freez1ng and thaw1ng predrying,
granu]at1on,~dry1ng, cooking and sifting. ’ |

The development of the F-T processvwas based on the findingsvof
Greene et al. (1948), and:HarringtOn et al.'(1951);‘that freezing cooked
potatoes caused arremarkable toughening of the ce11 wall and‘a freezing-
out.of water fromnthe ge1atindzed starch; Subsequent{thawing results
in the formation of free moisture, abodt 50%;of-whichecan easily be
expressed, 1eavin§ undamaged potato”ce11s of a ﬁ'.rm'structure.~ Potter
(1954) attr1butes these phenomena to retrogradation of the starch ge]
brought about by low temperature treatment of cooked potatoes Th1s in
_turn reduces the swelling capac1ty of the gelled. starch and 1nf1uences
its textural properties (Reeve 1969)

Major advantages offered by the F-T process are: Recyc1ing of
, dry granules is not required, thus the size of the plant to produce.
'simi]ar'quantity of granules is substantja11y smaller than an A-B
‘plant. The predrying step of the F-T process operates. under a. constant |

~rate of dry1ng, hence, a rapid reduction of moisture from about 75% to
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about 45% can occur (Ooraikul 1978) ‘Microbial contamination 3 1s.
m1n1m1zed due to the e11m1nat1on of recyc11ng and the. use of re1at1ve1y
" Tow temperatures throughout the process, Low'temperature treatment
also favours h1gh retention of nutr1ents, espec1a11y ascorbic ac1d
in the F-T granu]es (Jadhav et al. 1975), as well as the genera1
‘organo1ept1c propert1es of the product (Oora1ku1 1974) . The F-T

processvw111 be discussed in greater detail under Section 3.2,

3.2. EFFECT OF PROCESSING ON POTATOES. | .

Potato granu]es are cooked and dehydrated potatoes cons1st1ng
largely of spearated whole cells (Potter 1954) that can be’ quick]y
reconst1tuted to mashed potatoes by m1x1ng with hot liquid (Feuste1 et .
xa1., 1964). In raw potatoes before process1ng, the cells are firmly
connected to each other by intercellular cement, i.e., middle l1amella.
Each cell is surrounded with a wa]], the thlckness of which varies
from 0.52 to 1.05 pm (Reeve et al. ]973) It vas reported (Hoff and -

Castro, 1969) that potato parenchyma cell walls contain 28% ce11u1ose, _
55-60% pectins, 7% hem1ce11ulose, and 5-10% polysaccharides.

The main component within the potato cell is starch in the form
of starch granules wh1ch have ‘@ radial fibrial structure (Ster11ng, -
1974). Starch compr1ses between 65- 80m of the dry we1ght of the potato
tuber and is calor1ca11y an 1mportant nutr1t1ona] component (Schw1mmer'
and Burr, 1967). - _ S ;

It is genera]]y recogn1zed that 1mprovement of product qua11ty of
dehydrated potato granu]es is des1rab1e Oora1ku1 (1973) showed that
texture largely determined ghe acceptance of instance: mashed potatoes
Much deve]opmenta] work has been d1rected toward improvement of the

- texture of the reconstituéed product (Cooley et a] 1954; Olson and'
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Harrington, 1955; Cording and Willard, 1957; Harrington et al., 1959;
Ooraikul, 1977); Texture after reconstitution is closely related: to
the broken cells in the product, the number of which depends, among
other factors, on processing conditions and equipment used in the
manufacture. |

Mechanical damage to the potato cell should be avoided throughout
the process to minimize release of free starch, which caused the |
reconstituted mashed potatoes to be pasty and thus inferior in texture
(Neel et al., 1954) . The proporfion of broken cells in the granules is
a relatively reliable indication of the textural quality (pastiness)
of the recon;tituted product (Greén et al., 1948; Hall and Fryer, 1953;
Réeve, 1963; Ooraikul, 1973). Green et al. (1948) reported that re:
constituted A-B granules with 20% bfoken cells were very pasty: those

with 10-12% were average in pastiness; and those with 6% and Tower

were ranked superior. Ooraikul (1974) found that properly processed

F-T granules contained less thafr 3% broken cells and the reconstituted
product resembling fresh1y mashed potatoes, was superior to the A-R
product. | ,
/-K
Thus, processingof potatoes into dehydrated granules involves the
separation of the tissue into single cells with minimal cell rupture.

The following processing steps determine whether or not this aim will

be échieved.

13.2.0. Cooking.

Cooking is the first important step in the processing of potato
granules. 4It,&erves;tb gelatinize starch granules, solubilize pectic
substances;iﬁ the middle Tamella (ML) ¢ and prepare the potato tissue for

mashing ang subsequenf‘dr§ﬁné operations (Kinter and TWeedy, 1967). The

. N
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tissue cells are distended by the swollen gel and tend to sepérate, \
particularly in mealy tubers (Reéve, 1967, 1970), due to the degradation
of pectic substance between and in the cell wa]] (CcW) (Linehan and Hughes,
1969a; Bartolome and Hoff 1972b; Warren and woodmen, 1974) . The heat
energy is thought to disrupt or weaken some of the bonds in the
protopectin molecules, resu]tjng in an increase-in the water-soluble
fraction of the pectic substances (Bettelheim and Sterling, 1955;

Ooraikul et al., 1974). Mostxof the tfesue cells of potatoes do not

swell greatly upon normal cooking, eventhough they may become well

rounded to the point of ready cell separation (Reeve, 1967), and almost
all of the CWs remain intact after cooking (Ooraikul et al., 1974).

The ideal cooking techniqpes are those which will produce maximum
mealiness, a desired textural characteristic for mashed potatoes:
Undercooking results in unmashed .lumps and, subsequently, higher amounts
of broken cells, whi}e overcookingecauses s]oughing-or excessive tissue
softening and, hence, more damaged cells (Severson et al., 1955; Harrington
et al., 1959; Ooraiku] and Hadziyev, 1974). In the F-T process steam-
cooking for about 35 min was found to offer maximum cell separation
with minimum cell damage on mashing (Ooraikul, 1973).

Precooking or partial cooking prior to complete cooking has been
reported to increase mealiness of the dehydrated products and to firm

“the potato tissue (Reeve, 1954a,;¢; Potter et a] ]959):» It has
been adopted as an 1ntegra1 part of the A-B process in order to 1mprove
the quality of the product (Reeve, 1969 Cord1ng and Willard, 1957;
Nelson et al., 1962).
3.2.2; Mashing.

Mashing, one of the most critical steps in the F-T process,

7.




determines the success of subsequent processing steps and the quality
of the final product. It essentially involves the application of
compressive and shear forces to the cookéd potatoesvso that the
indiJidua] ¢e11s'can be separated. The amount of force apb]ied
depends largely on the resistance of the material. In the case of
cooked potatoes, this depends on the binding strength between. the
cooked cells, This strength may be collectively described as hardness
or firmness of the cooked potatoes. The strength of the CW, on the
other handl determinés how much force the cells can withstand without
sustaining excessive damage (Ooraikul, 1973).

Mashing at temperatures close to that of cooking results in easy
separation with little damage to the CW (Ooraikul, 1973). If the cells
are broken, gelatinized starch will be released, resulting in an
.undesirable sticky mash (Reeve, 1963; Obraikul, 1973), which not only
makes the succeeding stages of processing more difficult, but also
produces an unacceptable product (0lson and Harrington, 1955; Harring-
ton et a]?; 1959). Temperature of the potatoes during mashing, Fime,
and equipment used for the purpése-determine the success of this step’
(Ooraiku],_1973). In the F-T process mashing for about fko ﬁin ét R
Aa;;emperature not Tower than 70°C in a Hobart mixer equiped with a
flat beater produces optimal results.

- In the A-B pfdcess; cell ;épé;afibn is achieved by hot mash-mixing
fge.cooked tissue with dry granules ("seed"). The mixing serves to
lower the moisture content ofthe cooked potatoes to a point where the
4t1$sue is no 1dnger cohesive and the cells can be separated without
breakage (Severson et al., 1955). ‘Harrington”et“a1. (1959)-repqrﬁed“ﬁ'

-
that rapid cooling before completion of the mash-mixing damages the

13
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cells and produces a sticky mash. Thus, to minimize cel] rupture,
mash-mixing above room temperature was recommended. Mash-mixing
involves compression and frictione] forces and, hence, the potato cells
must be strong in order to w{thstand these forces without sustaining

- excessive damage (Harrington et al., 1959). cel strengthening may be
achieved by various precooking treetments, a mild heat treatment being
the most commonly used (Cording and Willard, 1957; Nelson et al., 1962).

Additives such as surfaetants and antioxidants may also be added
at this stage since mashing ensures thorough mixing.
3.2.3. Freezing and Thawing.

Freezing and thawing is perhaps the most critical step in the F-T
process upon which the success of subsequent steps depends (Oora1ku1
1973). It reduces the swelling capacity of the ge]]ed starch of cooked
potatoes and influences the textural properties of the product (Reeve,
1967). As much as 50% ofvthe weter may be removed from within the cell
to the outside, The resulting product is more granu]ar and less ge]at1nous .
fn texture‘(Rendle 1945) Alemarkab1e toughen1ng of the CW occurs
. (C}eene”et 51 1948) whlch makes dehydrat1on and cell separat1on
dur1ng predry1ng ‘and granu]at1on “more eas11y accomp11shed (Oora1ku1-
and Hadziyev, 1974). - N

The physicoghemida]vchdnges (retrogradation) occurring duringv
freezing and thawing of the F-T process are brought about in the A-B
process by a condttioning step. ' Conditioning at 40-50°C forces starch
to retrograde and, thus, increases the'friabi]ity of the moist mix
(Potter, 1954).. This 1mproves cell separat1on in the subsequent step
of fTuff«m1x1ng, ‘and the textural qua11ty of the reconst1tuted product

(Severson et al., 1955; Olson et al,, 1953).



3.2.4. Predrying and Granulation.

| The main aim of'predrying is to reduce the moisture content of
the cooked potato to within a critical range of 35-45% in the F-T
process (Ooraikul, 1978), and 30-35% in the'A:B process (Olson et al.,
1953; Harrington et al., 1959). Within the critical moisture rangé,
potato cells are friable, more resistant to mechanical damage, and
easily handled (0Olson et al., 1953).\

In the F-T process, predrying is achieved by passing hot air at
a high velocity over the théwedimash while it is being slowly stirred
over a perforated bed. Due to thé granular nature of the thawed mash,
drying takes piace rapidly unaer constant rate period (Ooraikul, 1978)
to reduce the moisture from about 75% to about 45%.

The purpose of gmnulation is to separate the prédried product
into mainly sing}e cells without excessive cell damage. Granulation is
another critical step in the F-T procesé, since the extent of cell
damage, the granule éize, andihe‘percehtage of fﬁne granules taken as
final product are éssentia]]y determined at this stage. Granulation
in fhe F-T'proceés is accomp1ishéd by app1ying high compression and
sheaf-Fofces to the partié]]y dried potato particles for a short
" period of time, normally about 10 minutes. |

In the A-B process, predrying and.gr&ﬁu1ation are effective1y
achieved, during the mash-mixing step. Fluff-mixing also ensures a more
comp]eté separation of cell aggregates into individual cells {Severson
et al., 1955). |

The above steps are di}ected toward one aim: to process cooked
potatoes into dry, fine Qranu]es consisting mainly of single whole

-

.potato cells whiCh, upon reconstitution with hot liquid, instantly give
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mashed potatoes that possess most of the organoleptic qualities associa-

ted with freshly cooked mashed potatoes.

3.3. CHEMICAL COMPOSITION AND TEXTURE OF COOKED POTATOES.

| The texture of'reqonstituted dehydrated mashed potatoes has a
major influence on consumer acceptance (Oo;aikul, 1974). The consOmer
expécts a textural quality which resembles that of fresh]y cooked and,
mashed potatoes: mealiness, smoothness and dr}ness are tﬁe desirable
characters, whereas, rubberiness, g]ueynegs and sogginess are undeéir—
able (Szczésniak and Kleyn, 1963). Undoubtedly, the textural quality
of the dehydrated product will be influenced, among other factors,

by the texture of the starting materia1; i.e., cooked potato. Hence,
information concerning cooked potatoes may shed 1ight on the textural
properties of dehydrated mashed potatoes.

Structural changes that potatoes undergo on cooking provide a
wi de variety}of‘textural qualities (Reeve, 1977). AccOrding to Burton
(T966), "mealy" potatoes may retain their form but are easily broken
down and, upon mashing, separate info essentially single cells. ‘“Waxy"
potatoes exhibit no sign of being undercooked, but may be cut into
slices, and many cells will be ruptured on mashing.

The textOre.of cooked potato, thbught to.be controlled by a
number of factors,‘has been extensive1y'reViewed (Linehan and Huges,
1969a; Vén Buren,‘1970; Yarren aﬁd Woodman, 1974; ﬁgijbets'et al., 1974,
Reeve, 1977). A nuhber of workers have attempted to define: the

‘mechanisms by which the various tuber constituénfs.int;:act to control
the texture of the codked tuber. ~According to Reeve (1954 a,b,c), .
"mealiness" is the subjective percepfionOof‘fhé;floyxpﬁafﬁgferiéfigs of
}cooked,tfséué{ﬁnd»pﬁtato,texture i#-deie%m&ﬁé&éériﬁérgiy b&?gﬁé:gtér;ﬁ

T
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content. Gelling starch produces a "swelling pressure, and a_tendency j
towards ce]] distension, causing them -to "round off”-and thus. separate
‘from one another w1th consequent-breakdown of interceiiular cohe51on
and disruption of the tuber "On-the other hand, Bartolome and Hoff |
(1972a) state that the reduction in cell cohe51on which. occurs during f
cooking results from the breakdown. of po]yuronides ]nvthe interceiluiarvvw .
cement (ML) of the potato ceiis;tmus allowing spontaneous cell separa—
tion and "sioughing". A third hypothesis offered by Warren et al. (1975),
ascribes the reduction in tissue strength:which occurs. on cooking to
water uptake by the poiysaccharides of the cw vihere is an inerease in
the thickness of the CW and reduction in the viscosity of the cw matrix
both effects combining to reduce the stress required to separate cells.
According to this theory, high'leveis of polyvalent metals in the cell
wall material favour cell separation and tissue breakdown.
Calcium and magnesium may interact with the ML polyuronides and be
of importance in influencing the texture of cooked potato. Firming andv
‘reduetion of sloughing can be brought about.by addition of Ca2+ and Mgzﬁ
to water in which potatoes are cooked (whittenburger'and'Nutting,.1950;
Bettelheim and Sterling, 1955): These changes 1in the tuber are assumed
to result from an interaction between the ions and carboxyl groups of
the ML pectic substances. (learly, only ions a]ready present in the
intercellular cement, or_those'ﬁee to interact with"it during cooking,
"will be of importance in inf]uencing intercellular cohesion-(iinehan and
and Hughes, 19693) |
The 1iterature 1nd1cates that cohe51on between cei]s ‘is one of

'iithe main factors governing the texturaT properties of cooked potato

: -f:tissue:: Fundamentaiiy, changes upon cooking invoive starch ge]atinization

Y
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and-soluodlization of pectic substances, resulting in separation of

potato cells in the cooked tissue. There is, however, still some

-controversy concerning the role starch plays (Reeve, 1972) compared to
‘that of pectic-substances (Hoff, J972). \

-‘3,3.1. ho]e’otbpectic Substances,

Pectic sobstances are'one,of the mostvimportant classes of the
naturally ocoorrihg‘oolyurohides in plants (Rouse and Atkins, 1955),
The basic structure of pectin is a polymer of a mixture of po]y-
A"ga1acturon1c acids .in. thch the carboxy] groups are methy]ated to vary1ng
degrees (McCréady, 1970) | | | '

Pect1c substances in the W are part ofthe hemi-cellulose~ pectin
ge] wh1ch functlons both as a structura] element and as a membrane
(P11n1k and Voragen,,1970). Pectin in the ML acts as a cohesive agent,
and so it is referred to as "1nterce11u]ar cement" (Hadziyev and Steele,
1978). |

Potter and McComb (1957) determined that the amount of pectic
substances in potatoes was 0.7—1.5%.on a dry weight basis, while Sharma

et al. (1959) reported-a range of 0.8-1.5% fresh weight. Bettelheim
| and Sterling (1955) found that thetron1de content of 10 var1et1es was
1.1-2.1% dry weight, whereas Jaswal (1969) reported uronide contents as
high as 4.5-4.8% dry_we1ght. Hoff ‘and Castro {1969) found that CWs were
5.0-7.2% of the potato dry weight, and that pectic substances made up
47.5-62.5% of‘the dry CW.. This corresponded to 2.4-3.5% pectic

._‘substances in’ the dry tuber Oora1ku1 et a] (1974) reported an

‘f‘4wapparent total content of. 1 45% on- dry we1gh¢ bas1s

Ke13bets and P11n1k (1974), u51ng a copper—1on exchange techn1que

‘,f ‘rather than the carbazo]e test of the above reports found the ga]acturonan} )



higher cohcenthation in cortex and periderm than in 1nterior'regions}
Furthermore, the*txtehior portion of the tuber, which tended to
disintegrate upon cooking, kad a lower degree of sa]t formatioh with
VCa2+ and Mg2 than the more cohe51ve central portion of the tuber.

' The 1nf1uence of pectin degradation on. the texture of cooked
potato tissue prompted Keijbets and Pilnik (]974a) and Ke13bets et al.
(1976) to 1nvest1gate the effect ofnaJor potato cat1ons, such as
calcium,. potassium and magnes1um, ‘and. anipns, such as c1trate: ma]ate;

‘phyfate-and chloride, on the extent of g-elimination. The nature of
the ions, rather than their concentration, was thehpfedpminant factor
in stimulatfng breakdown of pectin et 100°C.

Durind cooking, potato starch calcium is transferred from'the
phosphat;)grouhs at C-6 of some glucose residues of amylopectin to
cahboxy] grodps of galacturonan. In'model systems of potato CW -and
starches; Keijbets et al. (1976) found that Ca¥stéfches.consistent1y
decreased galacturonen“sd]ﬁbiTizetioh;’whiie H-starches had no inf]uence(
Thfs imp]ied that amy]ose which 1eached from-starch granules during
cooking, did not stablize galacturonan as had been suggested by L1nehan o

‘and Hughes (1969b).
3.3.2. Role of Scahch.

Starch. comprises betheen 65-80% of the dry weight of the potato
tdber It consists of two ma1n components: amylose, which is a.poly-
disperse ;;;;mer of a, 1-4 linked g]ucosy] residues with Tittle
branching; and emy1opectin which is a hwgh1y branched chain glucose

polymer in which the side chains are attached through a, 1-6 linkages

(Osman and Hodge, 1976)
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Various workers have corre]ated starch content w1th the textural
. qua11ty of cooked potatoes . Aecording to wh1ttenburger (1951) and
wmttenburger §nd Nutting (1950) ‘the texture of cooked potato is
're1ated to spec1f1c gravity, which in turn an be re]ated to starch '
- content. On the‘other}and thée cell size and the size of its starch
grains are re]ated to tuber size, -which also correlates with spec1f1c
grav1ty and texture (Ster11ng, 1966) |
Severa] studies of cooked potatq tissue (Whittenburger and Nutting,
1950, Whittenburoer, 1951; Reeve, 1954a,b,c: Ster]tng and.Bettelheim,
-1955) have shown,cell"separation to be accompanied by "rounding off" of
the cells. The walls of the adjacent cells are pushed apart once the
pectic substances of the 1nterce11u1ar layer have .been degraded to a
certain extent, ”Round1ng off” was, ascr1bed to. cell dwstent16n resu]t— -
ing from swe111ng of ge]at1n1zed starch,
A number of workers have also attempted to show the dependence
of the: texture of cooked potatoes on the phys1ca1 or chem1ca1 propertles"
' of starch, rather than the abso]ute amounts ot starch Linehan and
Hughes (1969a) attempted ‘to demonstrate re1at1onsh1ps between texture RN
and relat1ve proport1ons of amy]ose and amy1opect1n .Bettelheim and
Ster11ng (1955)-found no such relationship, whilst Unrau and Hytund
(1957) and Barrios et al. (1961) found a positiVe relationship,
Linehan and Hughes (1969b) postulated that migration ot amyfose
X \from the starch granules to the ML and infiltration by amyTose into the
CW fabr1C‘results in re1nforcement of the strength of the cw and. ML

Thus , the amount of aij‘se‘affects cell cohes1on and hence texture

of cooked potato. However, this was not corroborated by the study of

“\'\

Keijbets et al. (1976) warreg et al. (1975) found that the.swelling
3

SR



Pressure of gelled starch was not suftfcient to account for the texture
of cooked potato Instead, it was suggested that s]ough1ng of cooked
tissue was due to excessive hydrat1on of the CW which in turn favoured
cell separation.

s

Near]y all studies. of potato texture have demonstrated an 1nter-

Interre]ationshtp of Pectin and Starch.

a

vvvv relat1onsh1p between pect1n and starch, and that softening of potato
tissue during cooking is associated: w1th cell separation. This implies
that - intercellular cohesion certainly is the most 1mportant textura1
characteristic of cooked potatoes. The\extent of the loss of inter-
cellular cohesion is dso important. Excess1ve Toss of 1nterce11u1ar
cohes1on is unde51rab1e in potatoes which are consumed fresh, as well

as in. those which are processed, s1nce slough1ng represents an econom1c

?;1053 * On, the other hand the tissue must be loosened suff1c1ent1y for

€asy separation into single ce]]s dur1ng the. mashlng stage of granu1e A
‘productlon o :7 o : S . .

Texture of cooked potato .is obviously influenced by numerous factors
The data current]y ava11ab1e are. 1nadequate in terms of a coherent
concept for the texture of cooked potato. However, a rev1ew of the 3

,]1terature indicates that textural qualities of potatoes depend upon

changes in both pectic substances and starch

3.4. PRECOOKING AND FIRMINP OF POTATOES.

. It is we]] known that the degree of cell rupturing influences
the texture or cons1stency of cooked potatoes and the1r products, and
that’ st1ck1ness or gumminess is a direct result of exuded ge]at1nlzed
starch (Reeve 1963; Oora1ku1 1974) Hence, to produce an»acceptab]e

dehydrated potato granule product, some control of the degree of cell



rupture during processing is desirable. : =

| In an effort to mioimize cell ruthréénd, hencc, control texture,
many treatmento prior to cookino‘have been proposed. The most commonly
used method is a heat treétment in water at 65—80°C for 20-30 min
followed by cook1ng in water at 20°C before f1na1 cook1ng for further
processing. This precooking treatment has been reported to increase
the mealiness of dehydrated products and to firm the potato tissue
(Reeve, 1954b; Cording and Willard, 1957; Potter et al., 1959;
Harriogton et al., 1959; Nelson et al., 1962; Reeve, 1969). The
firming effect of precook heating i; important in ehSuring piece
integrity in the production of diced potato products (Rgeve, 1977), and
in minimizing sToughing duriho final cooking (Whittenburger and
Nutting 1950; Whittenburder, 1951).

Texturalvcontro1 by précookino formé an essentfa1 featurégof_‘
the A-B process fOr‘the-producfion1of potéto graou1es (01son and
Harrihgfoo 1955; Cord1ng and W111ard 1957) and f]akes (Nelson et al.
”]9?2): Precook1ng is very important in that it strengthens the potato

ce1Ts'(Bartolome and Hd?f 1972b) so that they can, withstand compression

and shear forces dur1ng the mash-m1x1ng step of the A-B process (Potter

et al. 1959) Without precooking excessive mechan1ca1 damage to the
potato CWs may take p1ace, causing the re]ease of -free starch and
resulting in a- textura]]y 1nfer1or product (Cord1ng and w111ard 1957,
Harr1ngton et‘a]., 59). Thus, precooking improves the texture of the
“ mash and>0f the final product, and is imoortao;'to,the AfB process as a
means of controlling_theéphysical properties of-potato.granu]es (01son
and’Harrington, 19555 Cording and Willard, 1957; Potter et al., 1959)i

It is not known whether similar benefits would accrue to the F-T process

<24
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by this precook treatmenf.
3.4.1. Starch Retrogradation in Precook Firming.

It has been stated that the success of ;he précbok treatment is
due to starch (amylose) retrogradation (Potter, 1954; Potter et al.
1959) and consequent reduction of "swelling pressure" (Reeve,.1954b, c;
1967) . ! - According to this view, when potato tissue is held for sometime
at moderate\temperatuﬁes (50-80°C), starch retrogrades (realignment and
associdtion by hydrogen-bonding of starch molecules causing a gradual
decrease in their solubility). ﬁJhen precooking is followed by a cooling
step, the extent of regrogradation is eyen more profound (Potter, 1954;
Reeve, 19543, b; Harrington et al., 1§59). Retrogradation reduces
| water absorbance and, therefore, the swelling Capacity of the gel. This
limits the degree to wh%ch tissue cells are dfstended and separated,.
resulting in greater firmness and reduced sloughing of completely cooked
potatoes (Potter et al., 1959) .
3.4.2. Pectin Methylesterase and Metal Bridging in Precook Firming

More recent work (Bartolome and Ho ff, 1*b) indicates that the
incrgase in intercellular cohesion by the precobking treatment is due
to pectin methylesterase (PME;,F,C. 3.1.1.11) acfivity. These workers
found that the heat during precooking de<troys theAintegrity of
p]asmalemma, perm1tt1ng intracellylar electrolytes to diffuse to the
CW, thereby causing PME to desorb. The desorbed and activated énzyme
acts on methyl ester groups of fhe galacturonan chains to broduce free
carboxyl groups. Finally, diffusion of Ca2+ and Mgz develops cross—
linkages between the de- -esterified chains, and renders the* pectﬂﬁaﬁ §§~
substances more resistant to further thermal degradat1on This ‘would

reduce the loss of 1nterce1]u1ar cohesion and, thus, contfibute%t@

B v R TR
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firming and tendency of sloughing of the éooked tissuer

‘Warren and Woodman (1974) gave ardifferent interpretation of the
involvement of pectic substances and PME in tissue firming induced by
tHe precook treatmentL .They stated that théxfncrease of Ca2+ and Mgz*
ions‘bound;to\@ﬁe defesterified-polyqronide; brought about by PME* >
demethy]ation,-wouldbdecfeaée water uptéke on cooking. -This re¢yces
the overall loss in cell cohesion By lessing the increase in CW and ML
thickness, and the reduction in viscosity of the pectin matrix.

PME is widely distributed {n higher plants (Lineweaver and Jensen,
1951) and is associated with the de—esterification ofipeCtic substances

in the tissue (Kertesz, 1955). It is difficult to study the action of

PME in situ. Conseqﬁent1y, research has dea1t‘pr1mar11y with ascertaining

in vitro the Fésponse of PME to various chemical and physical conditions.

These stpdiesvhave included determinétions of the effect of salt concen-
trations, pH and temperature. NaCl, the most widely used salt, promotes
max imum activit; of PME at concentrations of 0.15-0.2M in a p4 range of
7-8 (Kertesz, 1955; Rouse and Atkins, 1955; Vas et al., 1968).

A]though the functions of PME in plant tissues have not been
fully elucidatéd, there are reports which indicate that PME_ demethylates
component pectic substances of plant tissues under certain conditions |
and, hence, enhances firmness of the tissue in the presence of poly-
valent cations by rendering the pectic matrix less susceptible to
attack by polygalacturonases and to thermal degradation (Kertsz, 1955,
Rouse and Atkins, .1955; Van Buren et al., 1962; Deshpande et al., 1965?
Bartolome and Hoff 1972a, b; Keijbets et al., 1976).

Deshpande et al. (1965) studies the effect of heat tréatments

and polyvalent cations on the texture of canned tomatoes. They showed
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‘tﬁat tomatoes subjécted Lo mild heat reacfed more favourably with
cations than non-heat treated tomatoes and hénce, were firmer. This
condition was ascribed to enzymatic action, resulting in some de-esteri-
fication during the mild heating. Bartolome and Hoff (1972b) offer a
simj]ar exp]gnatipn for the fjrming of potatoes duriqg precook heat
treatment. |
PME is present in potato tubers aad is associated with demethylation
of pectic substances. Since PME is usually bound to water-insoluble
cell constituents, particularly those of the CW (Bartolome and Hoff,
1972b), it is freed by setubilization with NaCl at a pH of 7.5. The
PME activity of a potato slurry was determined by Vas et al. (1968) and
Bartolome and Hoff (1972a). Hadziyev and Steele (1978) explained that
an instant mashed potato procets’ patented by Cole (1965), in which
precooking was done in a phosphate buffer, appéared to rely on pH
optimum aétivity of PME to provide dehydrated flakes of superior texture.
Bartolome and Hoff (1972b) demonstrated that PME in potato was not
appreciably active until the tissue was heated to temperatures about 50°C,
whereupon PME reacted with the pectins of the CW. At 60°C the enzyme
activity was halved, while above 70°C it was found to be rapidly
destroyed. This evidence was consistent with the preheating treatment
of not 6n1y cell wall preparations, but also of potato tissue heated
in the region of 60-70°C, then boi1éd for 30 min. There was consjstent
firming of the potato tissue. During preheating Ca2+«and mg2+ contents
1ncreased within the CW, butcbcrease¢ in gelatinized starch. o '
Keijbets et al. (1976), howeQen, showed that Ca’® but not M92+\”
‘jons had fHe ability to stabilize the pectfc galacturonan in potato CW.

. + ., , . os . .
The activity towards Ca2 increased as the de-esterification of pectic

T TIe8 PRURIRRII
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galacturonan increaied, suggesting that pfecooking might involve an
important de-esterification reaction (Hadziyev and Steele, 1978).

The interaction of ra2+ ions with pectic substances in the pre-
cooking step of a flake process and its beneficial effect on texture

would appear to be one of the bases of a process patented by Nelson,

et al. (1962), a]though the authors did not fu]]y explain the details.

Essentially, the content of the patent is as follows: Potato slices
were precooked for 15-45 min at 60-77°C in demineralized water containing
about 35 p.p.m, Ca2+. After cooling in water free of all minerals but
Ca2+, the potatoes were steam-cooked, mashed , and rapidly drum dried.
The reconstituted product had good texture, flavour, and colour. Use
of demineralized water without Ca2+ in precooking resulted in a pasty
product.,

The foregoing would suggest that PME de-esterification and meta]-
bridge formation have an important role in the tissue firming of

potatoes during precooking. However, the exact nature of the precoo

‘treatment is still not well understood and controversy still exists

P

between the influence of starch retrogradation (Re;ve, 1972; Pottér et
al., 1959) and pectin so]ubi1ization¢(Hoff, 1972) in preheating firming
and final texture of potatoes. Nevertheless, as stated by Hoff (1973),
the truth probably lies somewhere between these two opposing views.
Whatever the mechanism, precooking, cooling and subsequent cooking
gives potatoes a firmer texture than those not precooked (Bartolome

and Hoff, 1972b; Potter et al., 1959). Such a treatment is essential

in the production of A-B granules of acceptab]e quality (Cording and

Willard, 1957; Harrington et al., 1959) .

SRS L vt <
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3.5. PHYSICOCHEMICAL PROPERTIES.

Studies ofvthe physicochemical properties of foods are useful in
providing evidence on subt¥he details of ma;rbmo]ecu]ar~structure not
obtainable by ordinary chemical and physica1ﬁpfocedures. Properties -
© of interest’in.the hréSent'investigatfonafhé%udé'kefroérédafidn;iM“h
éWe]Ting power, and water holding capacity of potato granules.

3.5.1. Retrogradation. |

Retrogradation is a process whereby starch in the dissolved or
hydrated state revérts to a water-insoluble form. Retrograded starch .
is microcrystaT]inF'and normally exhibits the g-type of X-ray
di ffraction pattern (Foster, 1965). Retrogradation-is, therefore, the
result of an attempt towards crystallization on the part of large,
unwieldy ‘molecules (Leach, 1965), and involves interaction between
nieghbouring molecules, mutual alignment, explusion of water, and
formation of new intermolecular forces (Fdster, 1965). |

2 formation of intermolecular association of starch mo]ecu]és,
probably through hydrogen bondingtetween hydroxyl groups, may be
considered as the format{on of crystal nuclei on whiéh additional
segments of starcﬁ molecules may be deposited slowly to form crystalline
regions of increasing size (Osman, 1972). The bulk of the water in
the gelled starch is held in the spaces- formed by the netWofé'of the
gel and precipitated amylose. As the-degree of association increases
during aging, the gel shrinks, causing some of fhe wafer to seep from
the interstices. This is known as "syneresis"”. ‘The remaining water
is bonded to the first layer of firmly bound water (Charley, ]970).

Of the many factors@gbat irfluence retrogradation, the most

important are the concentration of amylose, the length and state of

it e e S e
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dispersion of the 1iﬁear éhéins, tempérafuré, and—datioﬁ, anion and
hydrogen 1dﬁ centration (Leach;.1965). It has been observed that
various salts ofAménovaleht-anions énd cations retard the rate of
retrogradation.. lodine is the most effettive anion aﬁd potassfum‘fs thef
’_mQSt effective cation (Foster 1965) _ |

French (1950) reported that retrog;adat;on cag take‘place even
in the so1id state (as in the staling of bread), and that retrogradation
~can berafrested‘with-swe1ling agents by keeping above_room temperature,
or by femoving moisfure. Potter (1954), in his study of changes fﬁ fhe
physica1'pkopértfes of starch in potato granules during proéeésiné;'
reported that, as the moisture content of potatoes dect/;ses, “the ‘rate
of retrogradation increases until there is about 30% wﬁterf Below 30“
moisture, the rate of retrogradation begins to decrease until about 15%
moisture where there is no fur£her measurable’ change. _

A1though retrogradation has been widely studies (Foster, 1965;
»Leach, 1965; Collinson, 1968), reversa] of retrogradat1on in gelled
starch has not been reported. Only the reversal of retrogradat1on in
the fresheniﬁg of stale bread by reheating is well known. It_has been
§uggested that amylopectin may regain psrt of its original characte}A
upon re—so]ution (Foster, 1965). During reheating moisture is re-
distributed and, thus, become available for re-so]utfon of retrograded
amylopectin. |

3.5.2. Swelling Power.

Due to the great’number of hydroxyl groubs on starch molecules,
starch can absorb a considerable amount of water, especially during
gelatinization. Though gelatinized gfarch can be dried, it wiill not

completely regain its pre-gelatinized state upon rehydration. Neverthe- -
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less, dried gelatinized starch retains the ability to reabSOrb large’

amounts of water (Hamm, 1965). In starth gels the absorbed water is

immob11izeo in the gel network. An increase in the attraction between
'adJacent mo1ecu1es by 1nterm01ecu1ar hydrogen bond1ng, for'ihstance,

. would decrease 1nterst1t1a1 space and, hence, swelling (Hamm, 1965) .-

Invest1gat1ons by . He]]man et-al. {1954) and Schoch aqd‘French

(1947). on staling of bread have shown that the:so]obiltty'and‘swellihg'

power of starch decreases as bread stales and, also, that the rates

‘ of these changes are faster at lower temperatures and moisture ]evels

'Potter (1954), in h1s study on changes in the phys1ca1 propert1es of

starch 1n.m01$t potato mixes,-reported'that,.as moisture content of

~ the potato decreased from 43% to 28%, both starch solubility and-

swe1]ing power decreased.  The rate of change of these physical character—

istics of the starch increased as the temperature was lowered from 50°”

to 55C. he conc1uded’that starch and its physical characteristics play

an importaht roie in the characteristics of potato granules.,

3.5.3. MWater Holding Capacity (WHC). .

' WﬁC is the capacity of the material to hold a certain quantity

of water in the capillaries and voids of the substrate after surface

_adsorption Most of this water is considered to be "free", i.e.

it is not chem1ca1]y16r/;h;s1ca11y bound to the actijve s1tes Thus,

some foods contain a considerable amount of water Potatoes contain

63-87% water (Schwimmer and Burr, 1967) This water is obviously

1mmob111zed in some way as it does not normally flow out ‘when the

food is cut. Yet, not all th1s water is true hydration water. Starch,

.for example, cannot.bind more than 20 g of water per 100 g dry matter

as true hydration water (BeMiller and Whistler, 1959), but potatoes (25%

R



~dry matter) ¢Qntain.§Odgfof watervpef.loog dryrﬁatter. "Starch gel

can i@bibe even greater amounts of watgr }han natiye‘SE;rch. The bulk
of this water is not tightly bound to the mécfombleéu1esﬁas hydration
water, but exists as "free" water.and is.immobi1ized‘within the network
of the food molecules.

.WHC is probab1y the best'example of the importance of immobi1izatioﬁ
of free water in foods. «Therefore,wchéngeé of WHC occurring in food
materials, such as during storage, are determined by the extent to which
the physicochemically free water is immobilized within the microstructure
of the tissue are are an;indicatioh”of the structural changes that are
occurring. Such structural changes may be caused by Tinking or loosening
of 1inkéges on a hjcrostructhral level. Linking would decrease and,

Toosening increase WHC. (Hamm, 1965) .

3.6. EXTRUDED FRENCH FRIES.

Increased deve]opment and manufacture of snack food items has
diversified the use of dehydrated potato granules and flakes. These
dehydrated potatoes, together with suitable additives, can be ‘made into
a dough which is ‘then formed into desiréb]e Shapes qnd processed into
snak food items such as extruded French fries, ba]]s, rings and food
bars. "Pringles" is the most successful of such products,

Extended French fries are produced when dehydrated potatoes and
small amounts of binders are reconstituted with water to form a dough
which is extruded into striﬁs resembling conventional fries, and deep
fat fried. This fabricated product has a number of advantages
including dry storage of the mix, 90 sec frying timé, reduced shrinkage,
‘yp to 2 hr ho]ding time after frying, and year’rand uniformity df

product (Jadhay et al., 1976).



Several tébhﬁiqﬁes'éhd équfpmént héﬁe béén ae?eféﬁed,and patentgd_
‘  for the production of extruded French fries. Fritzberg (1966) patented
a prbceés that provides a fabricated French fry in which a portion of
potato flakes is toasted to reduce moisture content from 7 to 1%. Eqg
albumen at a level of 5% is used as a binder. A protess described_by
Liepa (1968) uses milk solids as a binder. The process prepares a
potato based dough comprising 21-46% by weight potato solids, 1-15% milk
solids, and 53-73% water. Willard, Jr. and Roberts (1968) described a

| method for producing fabricated fries formed from a mixture of 95%
dehydrated, comminuted potatoes and 5% of a therma) gelling cellulose
ether edible binder. | -

The process déscribed by Shatila and Beck (1971) covers agglo- "~
merates of potato particles, formed largely of individual potato cells,
that are capable of rapid rehydration into a uniform homogenous dough
in the absence of physical agitation. A uniform and cohesive dough was
obtained when 35-55% of the total weight of the damp mix was water. Guar
gum added &t a level of 3% of the dry weight, was used as the binder.

Cremer (1976) patented a method for producing extruded French
fried potatoes from dehydrated potato granu]es or flakes w1th a binder.
The binder, comprised of 70% high amy]ose starch, 17% prege]at1n1zed
potato starch derivative, 9.5% tapioca starch derivative and 3.5% edible
gum derivative, was blended in a ratio of 1:4 with dehydrated potatoes
containing 3-5% each of dextrose and sa}t. One part of the above mixture
was mixed with two parts cold tap water, anh-the resulting dough was

éxtruded into strips and deep fat fried at 185-200°C for 75 sec.
A method for making fabricatederench,friés directly from freshly

cooked potatoes has been developed by Weaver et al. (1974). 1In this
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process mashed pofatoes éié exfruded‘into strips and-expo;ed to a current
of hot air at 93-149°C to form a thin crust. After case hardening the
product is deep fatifried and then frozen, -

However,‘acco;ding to Cremer (1976) and Reeve (1977), no"broce§s
has yet provided a product having all the desired properties. Some of
these products require relatively expensive ingredients, stick together
or crumble when fried, imbibe excessive amounts of frying oil and have
undésihabie textdrai and eating properties.

3.6.1. Binders in Extruded French Fries.

The essential ingredients of an extrudable French fry dough are
dehydrated mashed potatdés, binding agents, and a sufficient amount of
water to afford a moldable consistency. To be easily extrudabie the
dough must be cohesive, and this is greatly influenced by the binder
material used. Many food binders are presently avaiiab]e'and their uses
have been extensively reviewed (Waidt,r3960, Ziemba, 1965; Scheffel and
Klis, 1965; b]icksman, 1969; Klos and Glicksman, 19725 Hullinger et al.,
1973; Andres, 1976a, b). Functional properties and characteriéticé of
pertinent binders are briefly reviewed below. | |

y 3.6.1.1. Natural Vegetable gums.

The term "gum" has been applied to many substances, both hydro-
philic and hydrophobic, that have ”gummy”‘characterisiics. Gums may
function as thickeners, moisture-retaining agents, cohésive agents,
syneresis inhibitors, andlubricants for extruded items (Hodge and Osman,
1976). Guar gum is a highly brahched galactomannin and,'therefore,
disperses readily in cold water., It is.compatible with starchgs, and
forms tough, pliable films with starch and oihe; polysaccharides through

<

hydrogen bonding (Andres, 1976a).
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03.6.1.2. Seaweed extracts.

Seaweeds are sources of several types of useful polysaccharides
that_h@ve fﬁnctions similar to vegetable gums. Algin, extracted from
the CW of brown é]gae, is a 1ine$r po1ysa¢charide composed of D-mannuronic
and L-guluronic acids in ya}yind\ratios (Glicksman, 1969). Owing to its
high molecular weight and linear structure; algin forms strong films.
Because of the presence'of“hydrophi]ic carboxylate and hydroxyl groups,
'a1giﬁ film resiéfs penetration by 0il and grease (McNeely, 1959).
Sodium alginates have found numerouslapp1ications in thé food industry
where they act as binding, ge]-prodhcing or film fbrming agents without
masking flavours (Glitksman, 1969).

‘ 3.6.1.3. Starches.
“Starch in its native or modified form, is-used e*tensive]y through-

out the food industry as a processing aid. The functional propertiés
of native'sfafches are inherent in their type and botanical source.
The stringy, mucilaginous characte} of unmodified starch pastes makes
‘their use in foods unsatisfactory, except in a very few products in
which they are used in conjunction with other starches (Hodge and Osman,
1976). This undesirable property may be e]iminated by chemical modifi-
cation and derivatization (Ziemba, 1965).

Amongst the various modified starches whicﬁ are widely used in
the food 1ndustryvare cross-linked and prege]atihized starches. C(ross-
linking can be brought about by a nuﬁber of chemical agents including
phosphorus oxychloride. Crosg-1inked starches have better -heat-resisting,
cohesive and swelling chgracteristics than native starches (Glicksman,

1969). Pregelatinized starch iS,prepared‘by\cdoking_and drying starch
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ls]urfies on drum dryers, The’fesU]ting materfa] is able to reform a
gel with éo]d 1iquids, without any need for heatfng, and is an effective
binding and cohesive agent (wa1dt; 1960).

'High amylose starches obtained by fractionation are more resistant
to cooking and swelling than the parent starches. During heating,
amylose and amylopectin interlace to form } film-1ike network. These
properties have been used in the application of high amylose starch as.
a binding, cohesive and éoating agent {Hullinger et al., 1973).

3.6.1.4, Cellulose derivatives.

Cellulose derivatives are synthetic hydrocolloids, and are ethers
in which alkyl or hydroxyalkyl groups have been substituted: By control-
ling the type and degree of substitution, it is possib]g,to produce
cé]lu]ose derivatives having a range of functional properties (Batdorf,
1959). Theitypes commonly encountered in the food industﬁy include
" sodium carboxymethy]ce]]u]ose,lmethy]ce]]u]ose, hydroxypropyl cellulose,
and hydroxylpropyl methche]]ulose. They ‘are used as surfactants,
thickeners, protective colloids, and film formers (Andres, 1976b).

Their ability to form films upon thermal gelation has been used to
improve the quality as.we11 as tosolve processing prob]emé of fabricated
foods‘(Glicksman, 1969). In extruded French fries, this film functions
as a support and provides a barrier thaf_reduces oil absorption and
increases moisture retention and uniformity of colour (Sheffel and
Kliss, 1965; Jadhav et al., 1976). |

A major drawback in the production of.extruded French fries is
the rapid rehydration of the mix and formation of a non—ﬁniform dough
that cannot be handled or extruded prober]y, resulting in fries of poor

quality (Packer and Tamara, 1976). An improved product could be made



possible with an improved binder combinétion and a- reconstitution system

that would produce a uniform dough.

3.7. SENSQﬁY EVALUATION METHODS.
| Much hag‘beeﬁ written oﬁ the methOAS‘of sensbry evaluation and
their effectiveness. While the use of%ﬁste panels to assess product
‘quaTity»parametérs'hés inherent 11mitations-ﬁhere is often‘no other
suitable method ;vai]able (Larmond,f1970), Evaluation methods, | -
selection and training of pane1isfs, number of samples per session, and
preparation and presentation of samﬁTes agg important considerations v
in the organolebtic panel testing (Kramer ét al., 1961).

Certain types of.mefhods havevbeen demonstrafed to be more
éfficieht tﬁén éthers. For'instance, the variabie multiple comparison
test, in which each sample is scored on a hedonic scale, is often mare
‘1n{9rmative than duo—trio ar tr1aqg1e tests (kramer aﬁq Twigg, 19703
Lar%ond, 1970). Kramer et al. (1961) adyocated that in the selection

of panelists the purpose of the testis to be considéred first. If the

~

purpose is only to obtain a consumer reaction, then a trained panel is not

needed, whereas for descriptive work screening and trainiﬁé should be
conducted. The number of samples per session that can be reliably
evaluated concurrently depends on the nature of the samples, the

. properties to be evaluated, and the skill aﬂd'experience of the panelists.

<

The major limiting factors of the panelists are sensory fatigue, boredom, .

and inattention(Larmond, 1970; Kramer and Twigg, 1970).
Statistical analysis i¥a common- and most important means of
‘evaluating the data obtajhed»from a test pane1. The importance of

interactions can be determined analysis of variance. - Kramer and

Twigg (1970) reported that one extremely 1mportan€91nteraction in teét

P
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panel fesu]ts is;the,"treatment x panelist" interaction which, if‘
significaht; indicates that'different panelists score the éame sample
~differently. This means that-there may’ be no best éf'worst sample but-
that each panelist may preferla different‘samp1e, Caution §houid,
therefore, be exércised when app]yi;g statistical-methods. for the:

interpretation of test panel results.
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EXPERIMENTAL

4.1. SCANNING ELECTRON MICROSCOPE (SEM) STUDIES OF POTATO GRANULE
PROCESSES . |

4.1.1. Materials and Equipment.  *"
Potatoes used for processing both types of granules.were the

Netted Gem cultivar (25+¢1% dry matter) gr;wn in irrigated areas-af

Southern Alberta.
Glutaré]dehyde. J.T. Baker Chemical Co., Phillipsburg, NJ.
K,HPO, and KH,PO,. Fisher Scientific Co., Fair Lawn, NI

! C2H50H, pﬁrified. .Fisﬁer Scientific Co.

.0504. Stevens Metallurgical, New York, NY.

Liquid Freon-12. Allied Chemicals (Canada) Ltd., Edmonton, Alta.

Liquid N2. Refrigerative Supplies Ltdi, Edmonton, A]taf
Porous teflon holding thimbles .

Brass Boats, 2 cmx 3 cm x 1 cm.

ATuminigm stubs.

Double-sided adhesive tape. Sellotape (Canadé).Ltd.

Kodak 35 mm Tri-X Panatomic fiim.

Freeze-Dryer, Model FFD-42;NS. Thé Virtis Co., Gardiner, NY.
Cambridge Steréoscan seanningE1ectron Microscope, Model 54,

Cambridge Scientific Instruments Ltd., Cambridge, England.

4.1.2. Methods and Sample Preparation.

4.1.2.1. Add-Back process.

The A-B process used in this stﬁdy essentially followed the
outline depicted in Figure 1. Samples were taken at the following

o

major stages from a commercial A-B granule processing plant (Vaﬁxha]]

a
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Raw Potatoes

Washing, peeling, slicing, sulfiting

-~

Precooking  (water)

l

Cooling (Water) /

|

Cooking (steam)

Additives —» Mash-mixing e
(Surfactants, antioxidants, etc.) l

Conditioning

l

Fluff-mixing

]

Primary drying (air-1ift)

|

Secondary drying’ (fluid bed)

!

Cooling (fluid bed)

TN

<10 mesh, 85-90% of product

DiScardngO mesh Sifting

© <80 mesh | 10-15% of product

Packaged

Figure 1. Flow chart of the Add-Back process.
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L

Foods Ltd., Vauxhall, Alberta) and then were prepared for the SEM.

1.
2.

3.

4.1
2.5
developed

in Figure

. £ \
After precooking, cooling andsteam-cooking.

At the half-way stage of the mash-mixing step. ~

At the end of the mash-mixing/beginning of conditioning,
End of conditioning.

End of f]uff-mixingﬁ

After air-1ift drying.

Final packaged product.

Reject material ("scalp").

.2.2. Freeze Thaw process.

kg mashed potatoes were processed with the F-T technique
by Ooraikul (1973), essentially following fhe outline depicted

2. The following samples, taken at important stages of the

process, were prepared for the SEM:

1.

2.

4.1.

Steam-cooked samples, before and after mashing.

Frozen and thawed sample.

Hal f-way stage of the predrying step.

At the end of the predrying step.

At the end of the granulation step. -
Final packaged product.

Oversized (reject) material.

2.3. Scanning electron microscopy.

Samples for SEM were prepared by the procedure outlined by Fedec

et al. (1977) which was esséntia]]y as follows: Sections of about

3 mm3 of intact tissue or about 0.5 g mashed tissue were fixed for

12 h at 4°

C in 3% glutaraldehyde in 0.1 K-phosphate buffer, pH 7.0.



Raw Potatoes

el A

'Wasﬁing,;peeling, slicing, sulfiting -

Cooking (steam or water)
Mashing «——— . "Additives
l (Surfactants, antioxidants)

1

Freezing

1

Thawing

Predrying

l

Granulation

l

Drying
|
Discard 18 Mesh Sifting >60 mesh
<60 mesH 85-90% of product
- v

Packaged

Figure 2.~ Flow chart of the Freeze-Thaw process.
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After rinsing in buffer, the fixed samples wére treated overnight at
4°C in 2% OéO4 in the same byffer. The samples were once again rinsed
in buffer and then dehydrated by successjvé treatments at room
temperature in 50, 70, 90%, and twice, ab§61ute ethanol .

The following procedure was adopted to maintain uniformity of
treatment between potato tissue and dehydrated granules and to avoid
escape of granules from the porous teflon holding thimbles. Potato
granules, contained in a holding thimble, and a small éuantity ofk
OsO4 Qere placed in a taped petri dish. Fixation by.the 0504 vapours
was allowed to proceed at room temperature for 12 h. The fixed samples
were immersed in liquid Freon-12 that had been cooled with liquid
nitrogen, and transferred into brass boats which were precooled in
liquid nitrogen. The boats with the samples were then ‘transferred into
a freeze-dryer and dried overnight ‘at -80°C. The éamp]es were then
attached to §1uminium stub§'with double-sided adhesive tape and coated
with about 20 nm of gold. \Samples were then examined by a scanning
electron microscope at an accelerating potential of 15 KeV. The
micrographs were photographjca]]y recorded on a Kodak 35 mm Tri-X

Panatomic film.



4.2. EFFECT OF THE PRECOOK TREATMENT INTHE F-T PROCESS.
4.2.1. Processing.
4.2.1.1. Materig]s: .
Southern Alberta Netted Gem potatoes, 25+1% dry matter content.
NaHSO3; Ffsher Scientific Co., Fair Lawn, NJ. ,y
Std. Iodine Stock so]utjon, 4.2 KI + 2.1¢g 12 per 100 ml.
Myvatex type 3-50 sﬁr%gg%gnt. Eastman Kodak Co., Rochester,’NY.
4.2.1.2. Equipment: _ | B
KitchenAid Mixer equipped with a flat beater. The Hobart Mfg. Co.,
Troy, OH.
Hobart Vegetable Slicer, Model H 4212. The Hobart Mfg. Co.
Atmospheric Sfeam Cooker with .cover 1id.
Stainless steel trays.
Air blast freezer with minimum air temperature of -29°C and air
velocity of 1.42 m35°],
Manesty Petrie Fluid-bed Dryer, Model MP.10.E., as modified by
Ooraikul (1973). Manesty Machines Ltd., Speke, Liverpool, England.
Speedomax 12-point temperaturé recorder. Leeds and Northrup‘

(Canada) Ltd.

Wet- (wet-wick covered) and dry-bulb (bare) temperature thermo-

-
'

couples.

Canadian Standard Sieve Series, and portable Sieve shaker, The

W.S. Tyler Co. (Canada) Ltd. St. Catherine,.Ont.

Light microscope. Leitz Wetzlar Co. Ltd., West Germany.
4.2.1.3. Procedure.

2.5 kg of potato s]icés were steam-cooked for 35 min with

(Treatment 1), and without (TreatmentIl) prior precooking at 70+1°C
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for 20 min and cooling in water at 18:1°C for 10 min. The cooked
product.was then proCessed\wfh the T technique as described by -
Ooraikul (1977), with nﬁndr modi fications; primari]y, fhe temperatures
of drying air were'reduced. Figures in parentheses are from Oofaiku]
(1978): Predrying, 60-65 (93)°c, granulation,25-32 (52)°C, final
drying, 72-75 (85)°cC.

The dry product was sifted for 15 min through a series of sieves
ranging from 18 to 60 mesh. Particles remaining on the 18-mesh screen
were considered as d1scard while those passing through 60-mesh were
packaged as the final product The yietd and discard were determined
as a W/wW percentage of the total dried product. The number of broken
cells 1n freshly mashed and reconstituted proddct was assessed by
exam1n1ng a thin s]urry in hot water under a microscope andyusing light
iodine staining to improve the contrast of the cel] boundary and the

identification of unprotected starch matrices.

4.2.2. Firmness Measurement of Intact Potato Tiséue.
| 4.2.2.1. Materials. ‘ "

Ten tubers of uniform size (500430 g).

Cork bbrer of 1.85 cm internal diameter.

Surgical razor-blade.

Ott-planimeter. Burrel Corp. Pittsburgh, PA.

NaHSOB. Fisher Scienti fic Co., Fair Lawn, NJ.

4.2.2.2, ’Equipment.

The texturometer used to measure the firmness was developed by
Ooraikul (1974). 1t consists of a force supplier, a signal amplifier,

and a recorder.

45
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The force supplier consists of a 0.5 hp motor with a 2.54 diamétef
flat-surface plunger attached to a shaft which ié driven up and down
vertically through a gear box at a constant speed of 14 cmmin']. The
direction and sgeed of the motor is controlled by a speed contro]]ér,
Model SD 14 (Minarik Electric Co., Los Angeles, CA). A system of
strain gauges is mounted on a platform directly under the drive-shaft.

Signal amp]ifier; Daytronic Transducer Amplifier-Indicator, Model
300 D. Daytronic Corp., Dayton, OH. '

Recorder: Honeywell Electronic Recorder, Model 19, with output
ranges of 0.1-100 mV. Honeywell Corp., ft. Washington, PA.

. 4.2.2.3. Procedure.

Ten tubers of uniform size from the, same batch as that ysed for
processing were washed, and each was triﬁmed to obtain a flat rectangular
slab and was soaked in 0.5% NaHSO, for 1 min tQ.prevent browning.

With a cork borer, cylindrical plugs weré‘obtained from the jgﬁe;haW
phloem re;ion at the 8 positions shown in Figure 3. Each o%ytﬁe plugs
was cut Qith a razor into two cylinders (a and b), 1.85 cm in length.
The potato cylinders were washed free of starch, loosely wrapped in

. aluminium foil, and labelled for position identification. The first
8 cylinders (Series a) received the precooking and cooling treatment
before being steam-cooked for 35 min, whereas tHe second 8 samples
(Series b) were not pretreated.

Immediaté]y after removal from the steam cooker, the firmness of
thé intact tissue was measured with the textﬁrometer by squarely placing

the hot sample flat on the load-cell platform. The plunger was

~driven ddwnward onto the sample until it was compressed to 1/6 of the

origina
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Figure 3. Diagrammetic presentation of positions where samples were
taken from the potato tuber for firmness measurements .
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until it was pulled clear of the sample surface.' The area under the
force-time surve, representing total force needed to compreSs the tissue,
@as measured with an Ott-planimeter. A paired t-test was applied to
the firmness'data to determine the sigeifiéqnce of difference between

Treatment I and Treatment I1I.

4.2.3. Textural Evaluation of Mashed and Reconstituted Potato.
4.2.3.1. Materials.
1. Precooked, cooled and steam-cooked potatoes, mashed for 1.5 min

w1th a K1tchenA1d mixer equipped with a flat beater, at a speed setting

of 10.

2. Treated as above, but mashed for 2.5 min.

.3. Steam cooked potatoes with no pretreatment, and mashed for
1.5 min.

4, Reconstitutee potato grmanules (ratio of hot water to granules
4:1”v/w)'proces§ed from petatoes receiving treatment as in 1.

5. Potato granules reconstituted astin 4, processed from potatoes
receiving treatment as in 3.

ATl samples contained 0.25% (w/v) of the surfactant Myvatex, added
at the mashing stage, as recommended by Ooraikul and Hadziyev (1974).

A plastic mold of 1.85 cm internal diameter and 1.85.cm height
with a fitting plunger.

A wire cheeée—cutter.

Ott-planimeter. Burrel Corp. Pittsburgh, PA.

4.2.3.2, Equipment:

The strain-guage type texturometer described in Sect1on 4.2.2.2.
except that the ordinary recorder was replaced with an X-Y recorder:

Moseley Model 135-A X-Y Recorder with an output range of 0.5-50 mV/in.
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Hewlett-Packard Inc., Mose]evaivision, Pasadena, CA.

4.2.3.3. Procedure.

After the mashed potatoes-had céoled to room temperature, a cylind-
rical sample of 1.85 cm height and 1.85 cm diameter was prepared by
carefully packing the product fﬁto a p]astic‘mo1d so that no unmashed
pieces or air were oé%ﬁudéd.vThe ends of the samﬁ]e were then trimmed
and smoothened with a wire cheese-cutter. UThe sample was carefully
extruded with the aid of a fitting p]ﬁnger, and placed squarely onto the
center of the load cell platform. ‘The’texturometer p]dnger was driven
downward onto the sample as described in section 4.2.2.2. The forces
needed to compress the sample and to pull the plunger clear }; the
sample surface wefe recorded, and the éreas of the force-time curve
representtng firmness and}g]ueyness were measured with a planimeter
according-to Ooraikul (1974).

-Four determinations were carried out using different batches ofJ%
botatoes, and each measurement was done in triplicate. The data
obtained were then statist%cally analyzed. Duncan's multiple range
test was used to determine the level of difference between products

receiving Treatments I and II

4.2.4. Pectic Substances' Determinations.
4.2.4.1. Materizls.
Potatoes:
Raw, Netted “=n cultivar (25:1% dry matter .ontent). ‘ 3
Precooked, : 'oled and steam-cooked.
Precooked a- onoled.
Steam-cooked.

Potato starch. Sigma Chemical Co , St. Louis, MO.

TP
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CarB¥zade. J.T. Baker Chemical Co., Phillipsburg, NJ. -

a, D-Galacturonic acid monohydrate, reagent grade. Eastman
Organic Chemicals, Distillation Products Industries, Roéhester. NY.

Sodium hexametaphosphate ("Calgon"). Calgon Interamerican Corp.,
Consumers Division, Toronto, Ont.

H2504, conc., reagent grade. Fisher Scientific Co., Fair Lawn, NJ.

NaOH, reagent grade. Fisher Scien*"fic Co.

Iodine, resublimed. Fisher Scie. “*f.c Co.

o),
e

KI, ‘granular.. Fisher Séfentific Co.

CZHSOH’ purified. Fisher Scientific Co.

»4.2.4.2. ‘Equipment.

Freeze-Dryer, Model FFD-42-WS. The Virtis Co., Gardiner, NY.

Buhler Tissue Disfntegrator. Edward Buhler & Co., Tubigen,
West Germany.

International Centrifuge, Model X-2, carrying a 50-ml swinging
bucket type 6f head. International Equipﬁent Co. Ltd., Boston, MA. -

Wrist-Action Shaker. Burrell Corp., Pittsburgh, PA.

Spectronic 20. Bausch and Lomb Inc., Rochester, NY,.

4.2.4.3. Procedures.

4.2.4.3.1. Prepa;ation of samples for extraction.

Raw, precodked, precooked and steam-cooked, and steam-cooked
potato samples were freeze-dried for 48 h in a Virtis freeze-dryer.
The dried samples Qere ground for 30 min to 150 mesh Withva Buhler
tissue disintegrator, containing about 25 g glass beads of 6 mm
diameter. The apparatus was kept cool with a water jacket at 18x1°C.
The powdered samples were placed in da;ﬁgﬁécrew—capped jars and stored

at 4°C until analyzed for water- and;”aTgonfso1ub1e fractions.

¥



Following the procedure described in section 4.3.3.2., a‘starché
free preparaiion of LW and ML was obtained for determinations of HC{-
soluble fracg:gﬁ‘ﬁﬁjztota1 uronide content.-. ‘ .

4.2.4.3.2. Extraction procedure for water- and calgon-soluble
fractions.

The method of Ooraikul et al. (1974), designed to minimfze starch
dissolution, was followed with minor modifications to extract the water-
and ca]gon-so1ub1e';e;tic substances in the potato tissue. The extract-
ion procedure is shown in Figﬁre'd.

4.2.4.3.3, ﬁxtraction procedure for HCl-soluble fraction.

AO0.5¢g free%g—dried'preparation of CW and ML was extractedhwith
50 ml of 0.05 M HC1 af 85°C for 6 h, following the method of Bettelheim
and Steriing (1955). The digest was allowed to cool to rooh tempeféture
and its volume made up to 50 ml. It was then centrifuged at 1,500.x G

for 15 min and the supernatant collected and désignated as. the HC1-

"

soluble fraction. . R

4.2.4.3.4, The carbazole reactionmethod for analysis of Qronide
- content of potatoes. o =
’ - . el o
The method of McComb and McCready (1952), as mgdi fied by Ooraikul
R

et al. (1974) to avoid the interference of free watgr-soluble starch with

the carbaz 01; reaction, was used for determining the uronide contents
of the water-, calgon-, and HCl-soluble fractions. #rdm a total of

100 ml extract, 2.5 ml a]iquofs were taken for determination of free
staréh content as described by Ooraikul et a1. (T974)§ and 2.0 ml
aliquots fqr.determination of urgpjde content as desctiéed by McComb__:

and McCready (1952). Details of the procedure are presented in Figure 5.
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- T. Place 2.0 g sample in stoppered flask containing 100 m1 95% ethanol
| o |
2. Shake slurry with a Wrist-action shaker for 30 min at room temp.
@ ~

|

3. Centrifuge at 2,000 x g for 15 min
rifuge a |

|

4.. Discard supernatant. Using 100.m1 75% ethanol, quantitatively
transfer residue back intg the flask. Stopper and shake for

30 min at 25°C A i l
5. , Repeat step #3 .
" 6. .~ Discard supernatant. Using 50 m1 deionized water (4°C),

© quantitatively transfer residue into a flask. Extract for
2 h at 4°C, using a magnetic stirrer

|

Z. ‘ , Centrifugevét 2,500 x g for ‘15 min (4°C)
: , .
Ly : - -
residue . supernatant
} —
8. Repeat steps 6 and 7 ) WATER SCLURLE FRACTION
l : ' ' (100 m¥)
residue " supernatant

|

9. Using 50 m1 of 0.5% calgon solution (pH 5.5, 4°C), quantitatively
transfer residue into a flask. Extract for 2 h at 4°C.

10, Repeat step #7

& .

residue ' supernatant

# ' l | | v 4
- 11. Repeat steps 9 and 10 ' CALGON SCLUBLE FRACTION

l (]00 m])

residue- - Supernatanf
» :

Discard residuye

/

Figure 4. A flow chart for extraction of water- and calgon-soluble
pectic substances from potato. _ Sl
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lExtract (water- or ca]gon—so]ub]e%

L

[

—
*Blue Index Va1ue Determination
Add 2.5 ml extract to 7.5 ml of

water in a capped culture tube
and vortex for 15 sec

|

Place in 100°C water-bath for -
10 min l

Cool to room temperature

l

Add 0.20 m1 of std. lodine soln.
(0.02N KI39 and vortex for 15 sec

l

Stand for 10 min at room
temperature to allow for color
development l

Read absorbance at 605 nm using
10 m1 of water and 0.20 m1 std.
Iodine soln. as a blank.

Figure 5.

I

Carbazole Reaction Value Determination

|

Add 2.0 m1 extract to 30 ml of 0.05M
NaOH and hydrolye/de-esterify for
30 min at 30°C l

Add 2.0 m1 of de-esterified solution
to 12.0 ml1 of cold conc. HZSO4 in a

culture tube, cover, vortex and coo1
to room temperature

Loosen cap, and heat tube and contents
for 10 min in a 100°C water bath

l

1

Cool to room temperature and add 1.00°
ml of 0.15% carbazole reagent and
vortex l

Stand for 25:5 min at room temperature
to allow for color development

l a
Read absorbance at 520 nm using 12.0

ml conc. HZSO4, 2.0 ml water and

1.0 m1 carbazole reagent as a blank

A flow chart for the analysis of uronide and starch contents
of the potato extracts.
»
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The uronide values of the extracts wefe then obtained from a
standard curve (Figure 6), corrected for starch interference using a
correction curve (Figure 7), as described b} Ooraikul et al. (1974),
and expressed as mg uronide content per 100 g dry matter. Two deter-
m1nat1ons, each done in duplicate, were carried out on four batches of
potatoes, and the data were statistically analyzed.

4.2.4.3.5. Scanning electron microscopy.

The faw potato tuber was cut into halves along the minor axis.
The parallel cuts obtained were sliced radially towards the centre
of the pith to obtain siices of agéut T cmx 1 cmx 5 cm. Three sets
of treatments wWere then applied to the slices, i.e., steam-cooking,
precooking, and precooking and cooling followed by steam-cooking. When
the samples had attained room temperature, sectioné of ahout 3 mm3
cut from the cortical region were prepared for SEM following the pro-
cedure of Fedec et al. (1977). The mashed samples were treated similarly.

Details of the SEM procedure have been described in section 4.1.2.3.
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4.3. MODEL STUDIES ON THE ROLE OF PME, CATIONS AND STARCH IN THE
FIRMING EFFECT OF THE PRECOOK TREATMENT OF POTATO TISSUE.
A study with a model system consisting of purified potato cell

wall and middie lamella (CW/ML), PME, starch and major potato tuber

cations was undertaken to elucidate the role of these constituents in’

the firming of potato tissue during precooking. B

4.3.1. Materials.

Southern Alberta Netted Gem potatoes, (25:1% dry maﬁter); raw,
aﬁd freeze-dried diéés andvaWder‘Qf 150 mesh. 4

Freeze-dried, starch-free, prepafations of CW/ML and hydrogen-
(i~.e., cation-free) cell wall and middle lamella (H-CH/&L). ™
Air-dried preparations of potato starch, H-starch and Ca—starth.

Citrus pectin, 55-60% degree of esterification (DE value), M.W.=

150,000-300,000. Nutritional Biochemicals Corp., Cleveland, OH. .

Tomato pectin methylesterase, E.C, 3.1.1.11., lyophilized. Sigma

Chemical Co., Louis, MO.
Amyloglucosidase. Pure Grade. Sigma Chemical Co.

Amylase. Pure Grade. Sigma Chemical §o.

Tham, Tris (Hydroxymethy]) Aminomethane. J.T. Baker Chemical Co.,

Phillipsburg, NJ.

Pipes, Piperazine-N, N“—bis[Z-ethane sul fonic acidj, pka = 6.8 at

"5°C. Sigma Chemical Co., St. Louis, MJ.

"

Std. 0.01M NaOH. Fisher Scientific Co., Fair Lawn, NJ.

C2H50H, purified,

NH4OH.

NaOH . ; .

HC1.

57
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H2504.
CuSO4.
Ca(GH300)2.
3COO.

CH3C00H, glacial.

KC1.

NaCH

MgC]Z. ' ,

NaHSO3L

Ca(OH)Z.
AgN03.

a, D-Galacturonic acid, monohydrate.

a, D-Galactose.

A1l chemicals used were analytical grade, and are available from

‘various suppliers. Deionized water was used unless otherwise specified.

4.6.2.

Model

Equipment.
Freeze-Dryer, Model FFD-42-WS. Virtis Research Equipment Co.
Buhler Tissue Disintegrator. Edward Buhler & Co.

Hobart Vegetable Slicer, Model H 4212. The Hobart Mfg. Co.

Virtis Homogenizer, Model 45. Virtfs Co.
Metrohm Automatic Combi-titrator, Model 3D; includes pH Meter,

ES12; Impulsomat, Model E 473; Dosimat, Model E425. Metrohm-

Herisau, AG., Herisau, CH - 9100, Switzerland.

Servall Centrifuge, Model SS4. 1Ivan Sorvall Inc., Norwalls, CT.

Constant temperature water-bath with a circulatory pump, Model

Lo-temptrol 154, Precision Scientific Corp., Chicago, IL.

Temperature Gradient Incubator, Model Thermocon C-200, with

=



incuSation tubes. Scigntific Industries Inc. Mineola, NY.

anstant teTperature baths at 60, 65, 70, and 1OO°C7

Ultraviolet Spectrophotometer, Model Unican SP 1800. Pye-Unicam
Ltd., Cambridge, England.

Atomic Absorption Spectrophotometer, Model 153. Instrumentation
Laboratory Inc.,'Lexington, MA.

Sintered glass funnels, 25-50 pm pore size. ACE Glassworks Inc.,
Vineland, NJ.

Texturometer, described in Section 4.2.2.2., fitted with a stain-
less steel probe wiéh a menispherical end, 0.64 cm diameter, 3.94 cm
length.

Cole Palmer recorder, Model 355. Cole Palmer quernationa1,
Chicago, IL. ‘

4.3.3. Procedures.
’ 4.3.3.1. Sample Preparation. 4

Peeled raw potatoes were diced into 1 cm3 cubes, washed of free
starch, and freeze-dried following procedures descriged in section
4.2.4.3.1. Half of the dried sample was ground to 159-mesh with a
Buhler tissue disintegrator, then stored at 4°C in screw-capped jars
until used for preparation of enzyme extracts (Section 4.3.3.5.). The
remainder'was similarly stored until wed for preparatioh of CW/ML.

4.3.3.2. Preparation of CW/ML and H-CW/ML.

The following procedure was developed to obtain a starch-free
preparation of CN/ML. In a Virtis homogenizer at full speed, 25 g of
the freeze dried raw potato dices were blended for 2 min with 100 ml of

ice-cold water. The homogenate was transferred onto 4 layers of 100

mesh nylon screen. By squeezing intermittently, free starch was washed
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away with water until tic residue was free of starch when examined under
a polarized-light microscope. The preparation was then freeze-dried,
.powdered to 35-mesh with a Buhler tissue disintégrator, and stored at
4°¢ in screw-capped jars until used for enzyme assay. The yield was
5.1£0.1% of the tuber weight. The preparation had 16.25% pectin as
anhydrogalacturonic acid (AGA), 373+8 umole free carboxylic acid
(CO0™) groups per g CW/ML dry matter, and an average DE value of 55%.
H-CW/ML was prepared fol]owiné the method of Keijbets et a1.
(1976). About 2.5 g freeze-dried CW/ML was rehydrated in 35% ethanol
and all ion; removed'by successive 15 min treatments with three separate
volumeé of 75 ml 70% ethanolic 0.6M HCl. The preparation was thea
washed with 70% ethanol until the washings were free of chloride as

shown by addition of a few drops of 1% AgNO This was followed hy

3

successive 5 min'dehydratiqn steps with three separate 50 ml volumes

of 96% and absolute ethanol, and diethyl-ether. Finally, the H-CW/ML

preparation was dried at 25°C in Vacuo for 24 h, and stored in a screw-

capped jar at 4°C. |
4.3.3.3. Preparation of Starch, H-starch and Ca-starch.

Several washed and peeled potato tubers were immersed in ice-cold
wafer containing 100 ppm Na2503, diced, and homogenized in a Waring
blender with two voiumes of ice-cold water. Tﬁe slurry was squeezed
through é 100 mesh polyster sieve cloth and the homogenate centrifuged.
at 2,500 x G for 10 min. The upper 1ight brown layer of protein was
removed from the sediﬁent, and the lower layer of starch was resuspended
in water and re-centrifuged. This procedure was repeated until no
impurity was ;vident‘under the microscope. The starch yield was 55%

<

of the tuber dry matter.
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4.3.3.5.2, Evaluation of the method for PME activity determination.

It was desirable to find the most suitable experimental conditions
for determination of PME activity. Therefore, the effects of substrate,
enzyme, and NaCl concentration were examined at pH 7.5 and 30°C.

The effect of substrate concentration was studied by varying the
pectin concentration from 0 to 0.6% in 0.06% intervals. The reaction
mixture contained 5 ml pectin solution of a given concentration and’

1 ml of enzyme extract.

The effect of enzxme concentration on its activity was monitored
by varying the amount of enzyme extract from O to 3.0 m1 in 0,5 ml
intervals. Appropriaté volumes of 0.6% pectin solution were added to
maintain the vo]ume~;f'tﬁe reaction mixture at 6 ml. Heat deactivated
enzyme served as a control. |

The effect of MaCl concentration on ‘PME activity was determined
at the following levels: 0.7 to 3.0% inferva]s; and 4, 5 and 6%. Solid
NaCl was added, if necessary, to achieve high NaCl concentrations.

4.3.3.5.3. “pH and temperature Optima for PME activity. =

The most satisfacfory fombination was 2 ml enzyme extract and 4 m1&?
0.6% pectinisolution. The optimum pH for PME activity at 30°C was
established by varying the pH of the reaction mixture between 5.0 and 9.0,
Heat deactivated PME served as a control to detect spontaneous desterifi-
cation of the pectin at higher pH values, |

The optimal temperature for PME activity was established by holding
the reactibn mixture at its optimal pH and increasing the temperatures
from 30°C to 75°C.

4.3.3.5;4. PME activity in freeze-dried potato and CW/ML,

Six tubers of uniform size (500430 g) were lightly peeled; diced
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into 1 cm3 cubes, and thoroughly mixed to obtain a composite sample.
Triplicate samples of 20 Q each were taken fof moisture analysis.

Triplicate samples of 40 g raw potatoes were taken for enzyme
extraction with 80 ml of IM NaCl, following the procedure described
previously. The enzyme activity was aésayed at pH 7.5 and 30°C using
4 ml of 0.6% pectin solution and 2 ml of the enzyme extract.

The remainder of the potato cubes were freeze-dried and powdered
to 150-mesh. Duplicate samples of 10 g potato (or 600 mg CW/ML), both
approximately equivalent to 40 g raw potato, were extracted with 8Q ml
IM NaCl in the usual manner, and the enzyme activity was assayed as be- '<7
fore. PME actiyity was expressed as umé]e carboxyl groups released per
g of dry matter in potato. |

4.3.3.5.5. Effect of SO, on PME activity.

Samples of 40 g diced raw potato were immersed separately in 80 ml
of 1M NaCl containing Na2503 such that the SO2 cdncentration in the 120
g mixture was 0, 50, 300, 500 and 1000 ppm." After 15 min, the mixture
was homogenized to obtain the'PME extract and the enzyme activity was

assayed” in the usual manner. . '

4.§l3.6. Effect of Precooking Température’on the DE and‘the
So]ubifization of chtins in the CW/ML. ;
4.3.3.6.1. Temperature gradient incubation.
Duplicate samples of 50 mg of freeze-dried CW/ML preparation in
10 m1 of 0.02M Pipes-Tris buffer, pH 6.1, were incubated %or 30 min in
15 m1 incubation tubes using a temperature gradient incubator at 25, 50,
55, 60, 65, 70, 75 and 100°C. ) o
After immersing the’tubes in ice-cold water, the contents were

trans ferred onto a sintered-glass funnel, and filtered with suction.




The filtrate was co]]ected;and stored until analyzed for uronide and
galactose contents,

4.3.5.6.2. Cu2+ ion exchaﬁge technique for determination of DE

values and pectin content. .

The residue, still on the filter, was analyzed for pectin content
and DE value essentially following the procedure of Keijbets and Piinik
(1974a). Any CW/ML material remaining’on the tube walls wés first
rinsed onto the filter with 70% ethanol! It was.then washed with two
10 ml a]iquots each of ZO%, then 35% ethanol. The residue was mixed
with three separate 25 ﬁ] a]fquots of 1% CuSO4 solution, pH 3.5. Each
aliquot of CuSO4 was a]]éwed to gradually percolate through'fof']S min

4

prior to the use of suction.

The physically adsorbed Cu2+ ions were washed away repeatedly with
water\unti] the fi]traté showed a negafive reaction for Cu2+ with conc.
NH4OH. The residue~was then washed with three 25 ml aliquots each of
35% followed by 70%“ethan01 to avoid lumping. About 5 min contact time
were allowed with each washing befofe the use of suction.

- The Lhemica]]y bound Cu2+ ions were exchanged for H ions with 0.6M
HC1 in 70% ethanol using three separate 10 ml aliquots and a 5 min contact
period between elutions. The desorbed Cu2+ jon solution was made up»to':
50 ml with 70% ethanol, and stored at 4°C until analyzed for Cuzf
content By dtomic absorption spectrophotometry (AAS). .

The resique was then saponified with a sufficient quantitng{ég.lM
NaOH in 60% ethanol for 1 h as the alcoholic alkali seaped through the
filter. It was then washed for 15 min with 60 m1 of 1M aéetic acid in

70% ethanol then several times with 70% ethanol. The ion-exchange

procedure with Cu2+ was then repeated, and the filtrates containing the
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exchanged Cu2+ ions collected for analysis of cbpper.

4.5/3.6.3. Determinétion of copper contehf by-AAS.

Téﬁ ml aliquots of the filtrates were placed in a vacuum oven at
60°C \for 5 h to evaporate the ethanol, then diluted with'apbropriate
amou;fﬁ\of'water. The‘Cu2+ content was ana]yied with AAS using a standard
curve. The instrumental parameters are shown in the Appendix. The
amounts of Cu2+ chemically boundibefore andwaffer saponification we;ev
_used to calculate the DE values and pectin content of the CW/ML. (see
.Appendix).

4.3.3.6.4. The carbazole reaction method for yropide anéiysis.

The Rouse and Atkins carbazole reaction test, as modified by
McComb and McCready (1952) and Potter and McCémb (1957), was used for
determining the uronide content of thé filtrates. This was folTlowed by
the phenol-sulphuric acid test (Dubois et'a].; 7956) to determine the
galactose content (Figufe 9).  The uronide content of thevfilfrate'was
then obtained from a standard curve (Figure 6), corrected for galactose
interference using a correction curve (Figure 8), and expressed as hg
AGA per 100 mg dry CW/ML preparation.

4.3.3.7. Pectin Shanges in CW/ML Induced by Potato Constituents

During the Precook Treatment. \ i v | |

The effect of Ca2+ and Mgz-+ availability, starch, PME 9ﬁd the
precooking temperature during boiling of CW/ML, with and without prior
precook treatment, on pectin golubi1izatibn was inveétfgated; - The

AU :
.significance of cooling between precooking.-and final cooking was also
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studied. _ . . o .

2+

4.3.3.7.1. Effect of Ca°  , PME and temperature during precooking.

Precooking involved incubation of 25 mg H-CW]ML and 5.0 m1 0.02M

4
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Figure 9. Standard curve for galactose determination by the pheno]-'

sulphuric acid method.



Pipes-Tris buffer, pH 6.1, in capped cu]ture:tubes for 30 min at 60, 65
and 100°C.

. To study the influence of Ca2+ availability, appropriate améunts
(in ¥l quantities so as to minimize volume changes) of 0.3M CaCl were
added to four separate tubes of the above mixtures to give ratios of
added Ca2+ to non-esterified carboxyl groups of the CW/ML pectic
galacturonan (Ca2+/COO-) of 0, 0.5, 1.0 and 5.0.

THQ effect.of?PME was studied by replacing part (0.5 ml) of the
buffer with 0.5 ml éf‘tomato PME such that the enzyme activity in the
incubation mixture was comparable to that of the potato enzyme extracts;
The solution was prebared by dissolving tomato PME %n 10% MNaCl to give
an activity of 14.4 enzyme units per ml,

The mixtures were incubated for 30 min, with freéuent agitétion to
ensure proper mixing, then immediately placed in ice water to terminate
the rea;tjon. Thé contents were then transferred onto sintered-glass
funnels. The filtrates were ana]y;ed for solubilized uronide and
galactose contents.

The CW/ML residue was transferred from the tube onto the same
funnel with the aid 70% ethanol, and the physically adsorbed Ca2+ was
removed with repeated washing with 70% ethanol.” The chemically bound
Ca2+ Was eluted by mixing the resjdue on the sintered-glass funnel for
5 min each with two 10 ml aliquots of 0.6M HC1 in 70% ethanol. The
calcium eluate, made up to 25 ml with 70% ethanol, was suitably diluted
following a procedure similar to that for Cul’ (section 4.3:@.6.3.) and
then ‘analyzed for Ca2+ content using AAS.

- h4.3.3.7.2. Effect of Ca-starch as a (:a.2+ source durihg precooking.

Precooking consisted of incubating 20 mg H-CW/ML 350 mg H-starch
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and 5.0 ml 0.0z ° ses-Tris buffer of pH 6.1 at 60, 70 and 100°C for 30
min in capped c:ltJre-tubes, To study the effect of Ca2+ availability,
four separate mixtures_were prepared with Ca-starch having 25, 50, 75,
and 100% of the phosphate groups neutralized. )
The following procedure was adopted to remove the gelatinized

starch before pectin analysis: After the incubation was terminated-by
_immersing the tubes in ice-cold water, the contents were frozen at -10°C
for 30 min, then at —29°C'for 30min. Acetate buffer, 3.5 ml, pH 4.8,
0.1M, was added to the thawed mass, and the mixture was centrifuged at
14,000 x G for 10 min to obtain the supernatant.

A 0.5 ml solution of amyloglucosidase, having an enzyme activity

of 25 E.U., was added to a 5.0 ml aliquot of the above supeggg@gqta and .
\.‘W - HW\%'

3 o
AT

the mixture was incubated at 50°C for 1 h. This treatment<3&s found ©
to be adequate for complete hydrolysis of the starch (as indicated by
a spot test using 1 drop of the above mi&ture and 1 drop of 0.004 N
iodine solution ). Amyloglucosidase was prepared by dissolving a pure
protein p‘eparation,_having an activity of 10 E.U. per mg, at a level
of 5.0 mg per ml in 0.1M aCefate buffer of pH.4.8.

When the contents had cooled ﬁo 35°C, 0.5 ml of giucose oxidase,
containing 8 mg protein per ml in a pH 4.8 acetate buffer, was added
and the mi;ture was incubated at 35°C for 1 h under aeration with
compressed air. The reaction was terminated by boil“ng for 5 min.
After cooling to room temperature, the original volume was restored
with water, and the tubes centrifuged at 12,500 x G for 10 min, The
supernatant was collected and analyzed for uronide and galactose éontents
as before. The blank sample was prepared following all the above stéps,

except H-CH/ML and starch were omitted.



4.3.3.7.3. Effect of Ca2+ and Mng‘during precooking, cooling
ad final cooking. o
The experimental procedure was the same as that in section 4.3.3.7.2.
The treatment consisted of precooking at 65°C for 30 min in presence

and in absence of PME, and cooking at 100°C for 30 min with and without

Kt

an intermediate cooling step (25°C for 20 min). "The abave test sampl=s
2+

contained 50% Ca-starch as a'source of Ca v

To study the influence of Mgz+, ég appropriateAamount of 0.3M MgC12
was added to a buffered H-CW/ML preparation such that the ratio of added
Mng and non-estgrified carboxyl groups of the CW/ML pectic galacturonan
(M92+/COO—) was ?.0. Buffered H-CW/ML and- H-starch served as a control,

and pure buffer as the blank.

‘4.3.3.8. Effect of calcium on}Tissue'Firming During the Precook
Treatment.
4.3.3.8.1. Treatments.
Several peeled and washed tubers of uniform size (300+25 q)
were cu£ into 1.27 cm thick slices and immersed in water containing 100
ppm Na2503. The slices were precooked at 65, 70 or 75°C for 30 min in
four parts by weight of water, with or without éOO ppm Caz+ (as Ca-acetate).
- Then the s]ic?s were cooled to 25°C for 20 min in four parts by weight

2+

of water, again with or without the Ca The precooked and cooled

slices were then either steam-cooked or boiled in water, with or
without Ca2+. In some treatments the precooking and/or cotling sfeps
were omitted. All the treatments are’1iSted below:

1. Cooked in water.

2. Ceoked in 200 ppm Ca2+.

3. Pfecooked (65°C), cooled, and cooked. in water.



4. Precooked (75°C), cooled, and cooked in water.
5. Precooked (755C)3 cooled, and cooked in water.
6. Precooked (70°C), and cooked in water.
7. Precooked (65°C), cooled, and cooked in 200 ppm Ca2+

8. Precooked (70°C), cooled, and cooked in 200 ppm Ca2+

9. Precooked (75°C), cooTed, and cooked in 200 ppm Ca2+.
10. Precookad (70°C) in 200 ppm Ca2+, cooled ip 200 ppm Ca2+,‘
and cooked in water. ’
* 11.  Precooked (70°C) ;n 200 ppm Ca2+, cooledgin water, and

cooked in 200 ppm Ca2+'

12. Precooked (70°C), and cooked in 200 ppm'Ca2+

N

13. Precooked‘(70°C), and cooled in water, and steam-aooked.
14. Precooked (70°C) in water,"andsteah-cbaked. '

15. Precooked (70°C), and coo1éd in 200 ppm Ca2+, and steam-cooked.

16. "Precooked (70°C) in 200 ppm Ca2+, and steam-cooked.

17. Steam-cooked.

4.3.3.8.2. Texture Measurement.

The slices were cooled to 25°C, and a random selection was made
for penetration fbfce measurement. The texturometer.described in section
4.2.2.2. was used, except that the plunger was replaced with a stainless
steel hemispherical-end probe, 0.64 cm in ‘diameter and 3.94 -cm in Tength.
The penetration force was measured by driving the‘pfobe vertically onto

S

®
the slice.until it had penetrated 1 cm. The force was recorded, and

. the maximum he1ght of the peaks, calibrated in terms of g- force was

de51gnated as thév?enetrat1on force and cons1dered to be a measurement ™

of tissue f1rmnes§‘ﬂ~i§~\

M . | . - ‘ ’ :
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4.4. FURTHER DEVELOPMENT OF THE F-T PROCESS

The study was undertaken primarily to make modifications of the

{
present batch-scale pilot plant so as to enable semi-continuous

AN

operation of the freeze- thaw process for the production of potato
]

granules. -~ )
7 ! ’ :
Detailed studies of the processingﬁﬁarameters were also conducted

under batch ,operation to obtain optimum processing conditions with

- J
respect to:

1. The temperature of the thawed mash for efficient predrying.

2. The moisture content of the predried product for efficient

>

granulation.

. 3. Var1at1on of rak material.

-.lsl

4. Efficient stirrer design. .
9
Under a semi-continuous operation, the processing parameters
studied were air velocity, temperature .and time optima for predrying,

granu]at1on and final dr;\gg

4.%.1.‘ Materials.

Southern A]berta Netted Gem potatoes, 25+1% dry matter.
Northern A]berta Netted Gem potatoes,'19+1% dry matterﬂi
Southern Alberta Norgold potatoes 22+§dry matter.

Surfactant Myvatex, Type 3-50. Eastman Kodak Co., Rochester, NY.

NaZSOQ. Fisher Scientific Co. Fair Lawn, NJ.

4.4.2. /;guipmeht.

73

Hobart vegetab]e %1icer Model H4212. The Hobart Mfg. Co., Troy, OH.

K1tchenA1d M1xer equipped with a flat beater The Hobart Mfg. Co.
Atmospherlc steam cooker with a cover 11d |

”Sta1n1ess steel trays. - ’ :



Air-blast freezer with minimum air temperature of -29°C and air
3.-1 '

velocity of 1.42 m™s™ .
Manesty Petrie Fluid bed Dryer, Model MP.10.E., as modified by
Qoraikul (1973). Manesty Machines Ltd., Speke, Liverpool, England.
Speedomax 12:point temperature recorder. Leeds and Northrup
(Canada) Ltd. |
The Cyclone Collegtion System including the 2 HP, 3600 rpm open
drip-proof motor of the Bowen Conical Laboratory Spray Dryer. Bowen
Engineer@®ng, Inc., North Branch, NJ.
"veeder" Speedometer. The Veeder Mfg. Co., Hartford, CT.

Canadian Standard Sieve Series, and portable sieve shaker. The

W.S. Tyler Co. (Canada) Ltd., St. Catherine, Ont.

4.4 .3. Procedures.

4 4.3.1. Effect of Product Temperature at Predrying.

Fé

2.5 kg Satches of Netted Gem potatoes (25+1% dry matter) were
processed into granules. Every batch followed the same processing
procedure except that the frdzen mash was thawed to a varying degree
and tempered so that the potatoes entering the predrying step had
temperétdres ranging from about 0-12°C.

The final pr -t was sifted for 15 min with a serjes of standard
sieves, and the awnount o discard (particles >18 mesh) and the yield '
v(finé granules of <60 mesi ' were determined as a w/w% of the total dried
product. The nu~her of =.oken cells was assessed as beforef

4.4.3.2. Effect of Moisture Content at Granulation.

2.5 kg batches of Netted Gem potatoes with an initiél moisture
"cdnteht of 75+1% were processed: following the paramefers previously

‘determined to be optimal. ‘Every batch followed the same processipg

Lo
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procedure except that the predrying step was either lengthened or
shortened so that the potatoes entering the granulation step had
_ moistures ranging from about 30 to 50%.. |
Moisture was determined by heating the predriéd sample in an
oven under a vacuum of 76 mm Hg at 70°C for 48 h. The percent yield,

discard and broken cells were determined as previously described.

~
N

4.4.3.3\:\'t Variation of Raw Material.

2.5 kg batches of potatoes having different dry matter.ﬁontent
were processed into granules with the batch F-T techhique. The
potatoes used were Netted Gems of abproximate]y 25 and ié%; and
Norgolds of 21% solids. Processing rameters éuﬁh as stirrer speed,
.in1et air-temperature, and velocity were altered as heedeﬂ,at each
st;p to ensure Success ful operation. |

4,4.3.4}. Process Parameters and Stirrer Design.

During the predrying stage, a "t%rning and mixing" of the mash
is desirable. A stirrer was designed to oﬁtimize this effect (Figure 10).
For efficient granu]a?ion, a controlled degree of attﬁgtioh forces 1is
desirable, therefore, another stirrer was designed to optimize "impact"
and "she;r“ forces, the two major attrition forces involved in granula-
tion by the F-T process (Figure 11).

Using these two djfferent.stirrers at the predrying and granu]atfon
stages, processing parameters, primarily stirring speed, temperaturé
and ve1ocity of the inlet air were hanipu]ated to achieve the most
efficient predry{ng and grahﬁiation.

4.4.3.51 Semi-continuous Operation of the F-T Process,

The Manesty Petrie fluid bed dryer modified by Ooraikul (1973) was

further modified by connecting it to the cyclone collection system of the

\
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Figuge 10. Stirrer designed for efficient predrying.
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Figure 11. Stirger designed for efficient granulation.
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Bowen Conical Laboratory Spray Dryer. The fan motor of the fluid bed

dryer was removed and replaced with the cyclone separator and the

motor of the spray dryer by means of a stainless steel pipe system

having a 15.5 cm internal diameter. The fluidizing, bowl and the pipe
systems were connected with canvas cloth and metal rings to ensure air
flow through the fluid bed. The general set up of the equipment is
illustrated in Figures 12 and 13. V

The air flow through the system was'cortrclled by means of
butterfly valves attached to the air inlet and exhaust pipes. The
air velocity was monitored with a manometer)\system designed and
described by Ooraikul (1973). Wet buyb and 'dry bulb thermocouples
were placed at suitable positions in %i? aif inlet pipe to heasure the
wet- and dry-bulb temperatures of the incoming air. Two other thermo-
couples were suitably positioned to measure the temperatures of the
drying and the exhaust air. The stirrer speed was determined usjng
the '"Veeder" speedometer.

The moisture conmtent of the predried and the final produc%, the
percent yield, discard and broken cells were determined as described

4

previously. fff" T S (

PR
&

For the opera&ioﬁ of the semi-cont
and thawed mashed potatoes were charged infio the fluid bowl and

processed 1nt0'§ranule§§follow1ng the steps owtlined by Ooraikul

(1973, 1977). ", ¢ ,

Dur1ng predry1q$, ‘the process1ﬂ§/barameters were set such that
w1th1n a 20 mln per1®d ﬁﬁe f1u1d1zed part1c1es were dr1ed to a
mo1sture content within the critical 1ev91 of 40-45% and were

progressively transferred to the cycfbn//zb11ector At the end of .

oo
" / S
/ N

uous unit, 2.0 kg of frozen
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Figure 13.. Illustration of the
the semi-continuous

general set up of the equipment for
operation of the F-T procest.
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predrying only large particles, .consisting of unméshed pieces and
1ar§é aggregates of several cells, remained in the fluid bowl.

For graﬁulatioh, the predried product, consisting mainly of
agglomerates of several cells, was recharged into the fluid bowl fitéed
with the stirrer desighed for granulation. Intéhis step no heat was
applied to the incoming air, and the stirrer speed was increased td
generate the minimal ;6rce required to separat% the predried agglomer-
ates into single who]é cells. The air velocity was sueh that.granulated
cells would be entrained and progressively~removea from the fluid bed
within the 10 min granulation period.-

‘The granulated product was finally dried at a suitable air ‘

temperature an: ¢ ocity such that, as the fluidized partic]es,weref

dried to a -esirz moisture content (about 7%), they were entrained in _ 

the air stream and were transferred to the cyclone collector

80
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4.5 PHYSICOCHEMICAL CHANGES DURING AGING OF POTATO GRANULES.

This study was undertaken to understand the physicochemica]
chariges occurring during the aging processidf'potato granules, and'to
relate tﬁese changes to the rehydration rate of the granules and the
extrusion properties of the-dough'for the product?on of extruded Frenéh
fries. The following properties were.chafacterized for both the Add-
Back and the Freeze-Thaw granules}! o :

1. Water hoiding capacity (WHC).

2. Swelling power, cold water swell (CNS).

3. Degree of retrogradatién.

4. Percent moisture content. . | .

5. Reconstitution time.

6. Extrusion properties.

4.5.1. Materials and Equipment. o ) i
Add-back and Freeze-thaw granu]és aged for different periods of time.
15 ml and 50 ml tapered and graduated centrifuge tubes. |
International Centrifuge, Model X-2,_with 25 m1 and 50 ml swinging
bucket heads. ‘International Equipment Co. Ltd., Boston, MA.
wrist;Action Shaker. Burrell Corp., Pittsburgh, PA.
Constant-temperéture chambér;.“Lab1ine Inc., Chicago, I1.
Buhler Tissue Disinteg?ator. Edward Buhler & Co.,Tubingen, W. Germany.
Spectronic 20 Spectrophotometér.‘ Bausch and Lomb Inc., ﬁochester, NY.
Iodine, resublimed. F{sher Scientific Co. Fair Lawn, NJ.
KI, granular. Fisher Scientific Co. |
- Pototo starch. Sigma Chemic&l Co., St. Louis, MO.

Water-bath at 70°C.

Magnetic stirrer. Corning‘Co., Corning, NY.
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" Magnetic stirring rod, 1 x 7.5 cm.

4o F.LR.AN.I.RD. Extruder. H.A. Gaydon & Co. Ltd., Croydon, England.
" 3 | |
4.5.2. Procedures.

4.5.2.1. Water Holding Capacity WHC).
The method of Medcalf and Giles (1965), with the modifications
+ suggested by Morrow and Lorenz (1974) for determining bound water for

cereals, was applied to determine % WHC of potato granu]es.-’A_samp]e
of 0.50 g was added to 10 ml distilled water in a tared 15 ml tapered
centrifuge tube. The tubés were stoppered and égifa?gd for 1 h at a
rate of 1 cycle/sec with a wrist—actign shéker placed in a constant
temperature (25.0+0.1°C) chamber, aﬁd’then centrifuged for 30 min at
2,000 x G. The supernatant was carefully aécahted and excess water’
wiped dry Qith a tissue. The tubes were then weighed to determine‘% WHC,
expressed as weight of water retained per 10d.g.dry matter. The résuﬁts
reported were the average of four determinations, |

4.5.2.2. Swelling Power, Coid Water Swell (CWS).

The'method described by Pottér (1954), with minor modications,
was used to determine CWS. Potato granules, 2.56 g, wé}e placed in a
50 ml graduated centrifuge tube and mixed with sufficient water at 25°C
to make 25 ml of a homogeneous slurry. The tubes were stoppered and
their contents mixed for 1‘h at an‘agitation rate of 1 cycie/sec with
a wrist;action shaker p1aced jn a constant femperature (25.0+0.1°C)
chamber. Qhen the mixing was complgte, the tubes were removed and
centrifuged for 15 min at 1,000 x G. The supernatant was swiftly
"decanted, 10 ml of distilled water were caréful]y pipetted into_the

tube, and the total yolume determined. The volume of the swollem

material, designated as CWS, is equal to the total volume minus 10

.
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times 4. The values reported,'expressed bn'the basis of 10 g total
“solids, were the averade of four determinations, |
2;5.2.3. Degree of Retrogradation,

Two grams of samp1e and 25 ml distilled water were thoroughly
blended for 30 min w1th a t1ssue d1s1ntegrator conta1n1ng about 25 g
g]ass beads The apparatus was kept coo1 with a water Jacket at 18+1°C.
The homogenate was quantitatively transferred into a 250 ml vo]umetr1c

Q~ﬂash using distilled water, made up to the mark, and then magnet1ca11y
stirred at room temperature for ] h. . About 40 m1 of the extract was
centrifuged for 30 min at 2}500‘x G. Tne supernatant was carefully | ‘

; decanted and diluted if necessary. Whenever.diluted ?the supernatant-

was p]aced in a 70°C waterqbath cooled to. room temperature, and
distilled water added ‘to make up for any evaporat1ve 1osses Th1s was
to ensure that any starch prec1p1tated due to the "d11ut1on effect" was

| redissolved. ”“ _ )

Suitably dt]uted a]iqdots of 2.5 ml were taken for determinatfon
of soluble starch content as described by Ooraikul et al. (1974) (See
Figure 5 a]so) Soluble starch was expressed as absorbance units per
g dry matter. The results’ reported were the average of four deter-

minations.

T

4.5.2.4. Percent Moisture Content (% M.C ). ﬁ
Approx1mate1y 10 g of the granules, accurate1y we1ghed were
dried until constant weight was reached .(48 h) in a vacuum oven (76 mm Hg)
at 70°C. % M.C. was expressed on a wet basis. A]] samples were vacuum

packaged in water-impermeable pbuches‘and stored at room temperature.

83
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5.2.5. Reconstitution Time.

This method is a simulation of the reconstitution. procedure used
in the institutional production-of extruded French fries (Tamura and
Paeker, 1976). ‘Potato grandes, 30.0 g, were fed th}opgh an 8.5 cm
glass funnel, the opening of which was adjusted by means of a flexible
tube and a clamp such that all the granules;bassed fhrough jn 12 sec;
4into a beaker of 9.0 cm diameter containing'63 ml of tep water at 18£1°C.
The contents of the beaker were mixed v1gorous1y with a 1 x 7.5 cm
'magnet1c st1rr1ng rod set at a constant speed sett1ng of 4. 5 The
time taken from the f1rst contact of the granules and the water unt11
.the magnet stopped moving due to the "setting" of the s1urry into a
firm dough r;presented the reconstitution time 1n sec.

, 4.5. 2 6. \Extrus1on Propert1es

A grang]e sample of 50.0" g was reconstituted with tap water (18:1°C)
at a rat1;\ef 1:2 (w/v) of granules: water, allowed to "set"4 d‘
ncondition" for 30, min at room temperature in a covered container,

The dough was carefu11y and’ un1form1y packed into the load cell ensur-
ing that no air was, occ1uded and the force required to extrude the
sample, de51gnated as "extruder thrust", was determined -using the
F.I.R.A./N.I.R.D. Extruder at a gear speed of 4. Values reported were an
average of four determinations. | ﬁ |

ﬁahe bas1c principle of the F/I R.A./N.INR. D. Extruder is that a
samp1e tlght1y packed in a cy11ndr1ca1 load cell is forced from this
cell through a 3.18 mm- dlameter orifice by a p1unger made of a solld
cy]]hdrlca1 rod of a diameter wh1ch just.al]ows‘free movement through

the load cell. The plunger moves at a uniform speed of 7.62 cm/sec,

The thrust required to extrude the sample is recorded on a moving chart
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| 4.6. AN IMPROVED PROCESS FOR EXTRUDED FRENCH FRY PRODUCTION |

4.6.1. Mater1a1s.

Ltd. Carteret, NJ.

.. Toronto, Ont, ) o L /

86

® - ' ) 4
The process of mak1ng extruded French fries was stud1es from :

severa1 po1nt§ ef v1ew with the objectives of estab11sh1ng an optimum f’ ' '3-
water to ‘granule ratio and of deve10p1ng formu]at1ons that, p;oduced
products with 1mproved texture, eat1ng qua11ty and freedom from oiliness.
Freeze-thaw and Add—back potato granules E 'i .
ﬁChlpper" An extruded French fry mix.
~_ Frozen par fries. 1 &S Produée Ltd., Edmonton, Alta. T
) Crisd film. National Starch Co. (Canada) Ltd.. , Bouchérvi]]e, P.qQ.
Textaid. National Starch Co.
‘Baka snak. »Nationa]-Starch“Co; ,
OK Ceri-Gel. The Hubinger Co., Keokuk, IA.
0K Pre-Jel. The Hubinger Co.
'A'1C1intose. C]intonvCorn'Proceseing Co;, C11ntonJ 1A,
Ge1carin, M-100. Algrin Corp. of America, Rock1aqd. ME.
Sea Cor, SLC-2. Stauffer Chemical Co., San Fransisco, CA.
Na-CMC, 7HF. Dow Chemical Ce; (Canada) Ltd., Sarnia, Ont.
Methocel, HG 90 or K-100. Dow Chemica1 Co. : L o _ ‘ K

Tetra~-sodium pyrophosphate, food grade . Food Manufacturing Co.

Potato f]avour. Bush Boake Allen Co. Ltd., London, England.

Supro 630. Ralston Purina Co., St. U'biis, MO.

PN

Guar gum, FG 70-70. Hercules Inc., Wilmington, DE.

Crisco soya-bean oil. Proctor & Gamble Co. (Canada) Ltd.,

r
RESEA Lot W id bt & ot
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”Z;T, 2.3, 2.6, 2 8 and 3.0 times the1r we1ght The respect1ve

that could be shaped 1nto French fry str1ps of acceptab]e eating

and error.

. 4.6.3.3, CjDough Preparat1on

' addltlves under test were reconst1tuted by gentle.stirring in water at

; %87
S 4.6.2. Equipment ‘ “ .
| Corne11us Automatlc Mashed potato D1spenser ‘Model MP II » . .

The Cornelius Manufactur1ng Co. Ltd. Anoka, N s 3 B ,oﬁb w ,'“
I1nes Extruder Mach1ne ?Model 6000 ITnes Mach%ne«Products.Ltd:,

Weston, Ont.. _.3_ ' o ?g; N
Mod7f1ed Cook1e-press ; o '
Deep fat _fryer. Canadian Genera] E]ectr1c Co‘ Ltd., Montreal, PQ. .

h 4.6.3. _Proceaures.' ‘ >' . - I

4.6.3. 1v Optimum Grahu]e to Water Ratio. fi oo

In estab11sh1ng the optimum granule .to water rat1o {w/v), fresh

oy

Freeze thaw and Add- back granu]es were reconst1tuted w1th tap water at

&

reconst1tut1on times and extruder thrusts of the doughs "thus formed

'-'were determ1ned fo110w1ng the. procedures descr1bed prev1ously These

data, together With the hand11ng and extrusion propert1es of the doughs

,subJect1ye1y eva]uated by the author Were then compared to the values

' obtained for aged. granu]es forming a sat1sfactory dough,

by "

4.6.3.2. Additives. o M'if‘

o

The chaice of additives depended on their functional properties

and their compatability w1th potato granules in form1ng a potato dough

quality. However, the levels added were determined by means of trial ‘ 4

Inltlally, 50 g batches of a granu1e wix containing the

an optimal ratio of 1:2.3 (w/v). After alo min setting period, the



AN

dough was extruded- through a cookle press mod1f1ed to produce str1ps

with a cross«Sectlon of 1 cm2 The extru51on head: was made of 1 cm

M

th1ck Teflon sheet 1n wh1ch was, cut a tapered ho]e:? 5 cm2 on the

1n51de and 1.02 on the outs1de- this shape was necessary to avoid

v

ragged edges of the fr1es
| Later,-the dough,was prepared fn_O.S kg'oatches wdth an extruder
apparatus thch had been used'institutiona11y The French fry mix was
poured into a cy11nder conta1n1ng ‘the required amount of water and . |
briskly m1xed using a wire wisk.

v
4.6.3.4. Studies on the Automash Machine,

|

Studies were conducted to adapt the Automash Mach1ne to auto-
matically jeconstitute French fry mixes ' The Autdmash is present]y
being used in fast- food outlets to produce -instant mashed potatoes by
s1mu1taneous1y dispensing granu1es and hot water at a certain rate and
ratio into a vortex mixing ckamber. In this manne,r. smal]lquantitles of
granules and water are thorough]ynixed in a continuous stream before
being.discharged into a receptac]et Modifications were made such
that the.apparatus reconstituted French try-mix with cold water in a
ratto to produce a satisfactory dough (Figure 15). After a 1G-min
‘Fsetting period, the dough contained in a cylinder was placed in the
extruder machine, and by means of a Tlever the dough was forced through
an\extrusion plate into the desired French fry shape (Figure 16). ‘The
fries were then cut and dropped into a fry-basket'(thure 17). Al
products were fried in a vegetable oil for 90 sec at 185 C (Figure. 18)

and 1mmed1ate1y evaluated by a taste panel for‘appearance texture,

f]avour and overall acceptance
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Figure 17. The cut french-fry strips in a fry baskét’réqdy
A for frying, -~ N ) BT

F1gure‘18. Extruded french-fries ready for consumbtion
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every session, us1ng different sets of codes ' SN

91
4.63.5, Proximate Analysis. |
The yield, expresseddas the'weight of frtes per unit;WeightadT
the dry-mix;band moisture and 0il contents.of the friesswere determined
jmnediately after frying. The-samples werevdried_inia vacuum oven'(TG
mmqu) at 70°C to a constant weight (48 h). The dry solid was then

extracted for 16 h in a Sothet apparatus us1ng petroleum ether

A'(b p 40-60° C) as a. soTvent Theexher extract was first evaporated

us1ng a vac%um rotary evaporator and then dehydrated tw1ce w1th

AchToroform methanoT (2:1,.v/v) followed by dry1ng in vacuo for 6 h.

'_‘Percent mo1sture and 011 were expressed on the: totaT we1ght (wet bas1s)

. of the fr1es and were an average of dupT1cate determ1nat1ons done on

‘three separate batches of each samp]e
4 6 3.6. Taste paneT EvaTuat1ons

The organo]ept1c quaT1ty was. initially determ1ned by the author
‘follow1ng the schene shown in F1gure 19, and was Tater conf1rmed by the ‘
.use of d1fference preference tast paneT evaTuat1ons as out11ned by
Kramer and Tw1gg (1970) "The 8 pane11sts were voTunteers chosen from

the staff of the: Department of Food Science. F&r a- given ser1es of

. eva]uat1ons four sess1ons were he]d on aTternate days The judges

were given a scor1ng sheet on which exp11c1t 1nstruct1ons for the

scor1ng method (a 9-po1nt hedonic sca]e) were g1ven (F1gure 20)
Each judge was then served w1th coded samples on paper pTates arranged
in random order The cod1ng of the samp]es was also random1zed in

>

In the first series of evaluatlons, four formulae of extruded

'JFrench fries (Table 1) were compared-to par fries fried in oil at

4
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A 4
g
~ Characterigtics -
rq
Handfeel during mixing & dough preparation:-
0 = dry/crumbly)non-cohesive ’ :
10: = cohesive/correct moistness S [
15 = too wet/non-cohesive L . _ N
EXtrus?on properties:- : \\\'
(i) strength: 10 = good; 0 = Timp , N o
(1) ragged edges: none = 10; excessive = @ § -
(ii3) retdins shape upon standing = 105 does not = 0 ' \35\\\

~ Frying properties:- .

(1) retains-shape during frying = 10; does not = 0§
(i) disintegration during frying: none =10; excessive = 0
(iii) explosion puffing: excessive or none = 0; correct = 10
vYo(dv) air‘spgce;'none = 10; excessive = 0 . ' ‘

Characteristics of outside skin:- : - : _
' Ci)_textune;¢1eathery Or soggy = 0;.crisp & flakey = 70

(i) flavor: 10 - 0 Lo R _
(1) color: golden-brown = 8 - 10; pale brown = 7 - 5; too dark = 4 - Q.

~Characteristics of inner core:-

: soft and pasty like A-B mash = 0-3
(i) texture: mealy like F-T mash = 4 - 7 o o

: . firm like freshly mashed potato = 8 - 1o

(¥1) flavor: 10 - 0 :

(i11) oiliness: 10 - o

\

- Figure 19. A scheme for eva]Uating quality of extruded French fries.
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Instructions:

I.

II.

III.

Iv. ‘Salt is provided, spriﬁkle a small pinch evenlgfand please use 1t sparingly.

)

DIFFERENCE-PREFERENCE 'I‘ESTINE; OF FRENCH FRIES
. . N " .
. rs :
-!’
L]
Please give a score to each of the five (5)° products presented. We are
~using a 1-9 point hedonic scale:- .
f _ Like extremely
o ‘Like very much -
"Like moderately
Like- slightly
' Neither like nor dislike
_Dislike slightly 3
Dislike moderately ] S -
Dislike very much L " - 4
Dislike extremely : .

[ S S B OS N TN
. N e :

When .scoring. the overall impression , take into consideration properties

you feel are important for the type of product under test, and explain in

your comments. Include also"the following characteristics:-

a. ' colour and_appearance of the product

?b. organoleptic properties of the outside skin based on

(i) - Texture - crispiness/flakiness/toughness
(ii) Frlavour - taste/aroma/fattyness

vc. Organoleptic properties of the inside core based on

(i) Mouthfeel - pastiness, fattyness/firmness
(i1) - Flavour-.- taste/aroma/fattyness -

d. 'Overall 1mpressions L -

When scoring ‘either high or: low, please explain your reasons.’ Any
additional comments are most welccome.

NAME : S o - : DATE:
e Product fyye )
Product characteristics —- ;
a. Colour and-appearancerof/the product.
b. ,Organoleptic propertzes of the outsideg -
.. skin/ o .
c. Organoleptic properties of the inside N
‘core.
. Overall impression of the product. . ~ :
_COMMENTS:

Figure 20. Scoring sheet for the ‘taste panel“evaldet1on of extruded

“French fries. . _ .

wi
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180°C for 3}4 min. In the second series, extruded French fries from
. tw0'formu]ae using.F;T granules (Table 2) were compared to "Chipper"
'(aa extruded French fry mix at one time commercially available in Canada).
The ingredient label of the "Chipper" product read as follows: dehydrated
Netted Gem Potatoes (A-B granules), cornstarch, saTt,'vegetab1e gum,
methyl cellulose, dextrose, vegetable glycerol monostearate, and sodium
acid pyrophosphate, sodium bisulphite and butylated hydroxytoluene.
Formula 1 in series II, found to be the most acceptable by the panelists,
was fortified with 5% Supro 630, a soya protein i;o1atei_ The fortified
and the non-fortified formulae Lere then cohpared in the final series
of evaluations (Table 3).

The date obtained were analyzed using analyses of variance, and
correlations with APL library programmes on an Amdhal 460 coﬁputer.
" The mean scores'for appearance and colour, flavour and texture df the
outside skin énd inner core, and overall acceptance of the products
were compared using Duncan's Mu1t1pie Range Test (Duncan, 1955). The
variance ratios and coefficients of concordance.indicated that the
panelists generally performéd best in the third of the four sgéssions
held for each series of evaluations. ‘Hence, for simplicity, only
data from the third session‘in'series IT and III, and the fourth

session in series I are presented.



Table 1. Extruded French fry formulae tested in Series I.

_ Level of inéredient added (%)

FTI1  FTT2  ABIT1 A g o
F-T potato granules | 100.0 100.0 : - , | -
A-B potato,granules | . - - 100.0 100.0
Methocel HG 90 or K100 Premium 1.0 1.0 1.0 -'1.0
Na-CMC 7HF _ 0.5 1.0 0.5 1.0
Textaid : 1.0 1.0 1.0 1.0
lCrisp film _ 1.0 1.0 A 1.0 - 1.0
Baka Sriak 0.5 0.5 0.5 0.5
0K Ceri Gel 443 ' 0.5 0.5 0.5 0.5
0K Pre Jel 0.5 . 0.5 0.5 0.5
Gelcarin MR 100 or SeaCor SLC-2 0.5 0.5 - -
Guar gum F-G 70-70 , - - 0.75 0.75

'A' Clintose 0.5 0.5 0.5 - 0.5




Table 2. Extruded French fry formulae tested in Series II.

Level of ingredient added (%)

FTII1  fTor 2
F-T potato granules - 100.0 100.0
Methocel HG 90 or K100 Premium “ 1.0 1.0
Na-CMC 7HF 0.5 o
Textaid 1.0 : 5.0 -
Crisp film 1.0 3.0
Baka snak | 0.5 0.5
OK.Ceri Gel 433 0.5 : 0.5
0K Pre Jel 0.5 - 0.5
Gelcarin MR 100 or SeaCor SLC—Z. ' 0.5 0.5

'A' Clintose 0.5 0.5




Table 3. Formula for the"profein-fo
mix tested in Series III.

>

rtified extruded French fry

*

Level of ingredient added (%)

_ Fortified Non-fortified

F-T granules 100.0 100.0
Methocel HG 90 or K100 Premium 1.6 1.0
Na-CMC 7HF 0.5 0.5
Textajd 1.0 1.0
Crisp film 1.0 1.0
Baka Snak 0.5 0.5
OK Ceri Gel 443 b.S : : O.§
OK Pre Je]i 0.5 . 0.5
Gelcarin MR 100 or SelCor SLC-2 0.5 0.5
'A' Clintose 0.5 0.5
Tetra Sodium pyrophosphate 0.5 0.5
Potatélflavour < 0.05 < 0.05
Supro 630 5.0 -
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RESULTS AND DISCUSSION

5.1. SEM STUDIES OF THE POTATO GRANULE PROCESS.
5.1.1. The Add-Back Process.

An essential pre~preparatibn of potatoes for the A-B process is
precooking at 70°C for 20 min and cooling in cold water priof‘to steam-
cooking. This serves to render the cell wall less degradable by cooking
(Bartolome and Hoff, 1972b), theresy eﬁab]ing the potato cells to with-
stand the forces generatedfby'compression, mixing and rubbing during the
continuoué-mash-mising step (Potter et a1.3)1959). Figure 21 shows the
potato tissue’ after precooking, cooling ané/steam-cooking. The inter-

'EelluTar space was created by partial solubilization of cementing
materials. However, the cells were still firmly bound together in many
places. Since the cementing méferia]s in the CW and ML, esséntia]]y
pectic substahces, were only partially degraded, the CWs were stronger
than'those of the cooked cells without the pre-treatment where the solu-
bilization was more complete (secfioh 5.2.3.).

. In the mash-mixer about two parts by weight of dry granules were

.recycled to be mixed with the freshly cooked tissue. Surfactants and
antioxidants were also added at this stage. Abqut half way through the
maéh—mixing step, which took approximate1y 25 min, there was still a
considerable amount of dry granules which had not been mixed with fresh
cells (Figure 22a). Those that were mixed appeared to be attached or
embedded between the freshly céokéd’ce]is,‘fﬁereby separating them out
into single- cells or aggrégates’(Figuré 22b). As the mash-mixing
procegdéd;more cells were separated. “Due to rubbing action, the surfacé

of the detached cells appeared smooth, and
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1. Photomicrograph of pre-cooted, cooled and steapr-cootbed potaro
« Missue in the Add-Back process. The cooked telle remain Tarael,
bound together hy partially degraded cementing materials
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some had released starch gel or cementing materials adhering to them
(Figure 23). | :

. After mash-nixing the product entered the conditioner where it
was. tumbled along a tunnel through which warm air ‘at about 45°C was
blown. Theroonditioning took about 45 min during which the starch gel
partially retrograded (Potter et al., {359) and the moisture content
was reduced from 35% to about 31%. The‘producf at this‘stage was still
Targely in form of single cells and cell aggregates (Figure 24). tThe
. Potatoes were then charged into a fluff-mixer where cell aggregates
or Tumps were further seﬁaraéed to smaller units (Figure 25a). However
some big, unbroken lumps stf]] remaided (Figure 25b). These Tumps
might be either freshly cooked potato tissue which was not separated
during mash-m1x1ng, or reunited cells which were bound together by ¢
starch gel released from damaged ce]]s They would be sifted out of
the product as scalp (reject).

The product was dried in an air-]ift'dryer, where the moisture
was reduced to about 15%, then in a fluid bed dryer addaa_cooler
where the mdPisture was lowered to about 8%. The dried product was
then passedlthrough a series of sieves where the particles bigger than
10 mesh, consisting mainly of unbroken tissue or large aggregates
(Figure 26), were discarded or sold as animal feed. Entra1ned particles
in the dust collectors of the fluid bed dryer and cooler consisted mainly
of very sma]] granules, vascular materials, and dried starch particles
NI(F1gure 27) \Ihls mater1a1 probably should be sold as an1ma1 feed but
'for economlc reasons, is often recycled, The 1ntermed1ate sized
| partlcles (between 10 ‘and. .80 mesh),were recycled together with some

'}flnal product to the mash-mixer. The final product'(smaller than 80
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mesh) consisted mainly of 51ngle cells and aggregates of a few cells

(Figure 28aj Most granu]es were round and had fa1r1y smooth surfaces,

with CWs form1ng ridges and folds due to dehydration (Figure 28b).

There appeared to be some\tlnz\irystals over the surface (;1gure 28c)
They were thought to be chloride salt crystals (Fedec et al., 1977).
:A51nce some of the granules were damaged. during the process, the starth
matrix might be exposed, or sctarch released from one cell mjghtfbe_’

attached to another cell (Figure 28d), thus,giving rise to glueyness

in a reconstituted product.

5.1.2. The Freeze-Thaw Proeess.
In thebf—T rodess the precook treatment was not‘applied." The
>potatoes'were stezm—cooked for 35 min and mashed hot (at a tenperature
not Tower than 70°C) in a KitchenAid mixer for 1.5 min where most of
the cells were separated from one another With very 11tt1e damage This
was possible due to,the fact that cook1ng a1one caused more comp]ete
solubilization of cell binding mater1als, thus rendering:the ce]ls more
easi]y separab]e (Figure 29) F1gure 30 shows .that, after mash1ng, the
_ cel]s were detached from one another while the CWs rema1ned intdct.
Precooklng was . found to be detr1menta1 to th1s process as 1t not on1y
‘strengthened the CW but also rendered the ce11 b1nd1ng mater1a1s 1ess
degradable, making it more d1ff1cu1t to mash without 1nf11ct1ng sub-
'stant1a1 cell damage (sect1on 5.2.4.).
| The mashed potatoes were then frozen 1n an air b]ast freezer at
v As the potatoes were be1ng frozen part of the- 1nterce11u1ar
‘water was drawn out osmotxca]]y due to the freez1ng concentration of .
the cell mass Thus, 1ce crystals were formed Both,out51de and- Tnside

the cells (Oora1kul 1973), 1eav1ngAmost of th potato ce]Ts vas1b1y

*
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shrunken (Figure 31). The sfarch gel also retrograded more fpl]y
during freezing and thawing (French, 1959). |

The frozen potatoes were thawed at room femperature to about 5°C.
The surface of a frozen and thawed cell (Figure 32) showed its porous
nature, host probably caused by ice crystals., Theée pores would have-
a profound effect on the drying aﬁd water reabsorption characteristic

of the product. . |

When the thawed mash was bredried for 10 min in a fluid bed
dryer in ap air stream of 65°C flowing at 130 m/min and with a stirrer
speed of 30 rpm, the cells became progressive1y shrunken (Figure 33a)
due to rapid loss of moisture, while the mash became increasingly free-
flowing. Predrying, whicﬁ‘1asted_about 20 min, took p1éce'under é
constant rate périod of drying throughout (boraiku], 1978). This was
made possible by the freezing and thawing, which not only drew a
substantial amount of cellular water to the outside (Greene et al.,
1948; Ooraikul, 1973), but alsoe causédvthe cells to be more porous,
- making it much'easier to transport the_remafning watef from within the
cells to the surface during drying.

At the end of predrying the moisture content of the potatoes was
reduced ta about 40-45%,qnd}the mésh was well sepérated‘into loosely
: bound aggregates of sévefaT Ceij; (figure 33b) feady“fo; g%éﬁQTat{Sﬁ.l
A close examinétfqn Q% thevcei1 surface at this sfage revealed the
formatign'of Qrink]es,.ridges aﬁd.fo1ds (Figure 33c). This was'due to

‘loss of moisture and perhaps to the compressive force exerted by the

stirrer and the potato cells themselves during the course of predrying.

After predrying, the potatoes were sufijected to a relatively short

L _ . . ./ ‘
period (10 min) of vigorous granulation under an air temperature and
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velocity of about 25°C and 30 m/min, réspective]y, and a stirrer speed
of about 400 rpm. During this time themisture content of the potatoes
was gradually reduced from about 45% to about 35%, while the cell
aggregates were separated further Td;roduce a finer product consisting
largely of single cells and small aggregates of a few cells (Figure 34a).
Note that most of the granules are shrunken and very angular in shape
in comparison to the A-B granules which are Targely round (Figure 28a).
Under high magnification (2000x) tﬁe surface of the F-T granule was
quite similar to that of the A-B granule, except that there appeared to
be minute "craters" or "pin-holes" throughout the surface (Figure 34b)
that were not observed on the Tatter. These‘crate;s could be qaused by
tiny holes formed by ice crystals puncturing the CW, and, hence, might
serve as migratory passages for Qater and so]ﬁble materials. Some sa]f;
crystals were also apparent on the surface of the granules (Figure 34b),
and they appeared to be Targer than'fhose on the A-B granules (Figure 28c).
Some potato cells were damaged during predrying and granulation,
barticuiarly %n the 1a£te; stégéhwheré conéideraﬁie fo;céfwésfgénérated ‘
by higher stirrer speed. The walls of some ce11§,mjght be torn or‘the
" cells might be broken or sheared off (Figure 34c), exposing the starch’
'matfix and,“so; contributing tbvgiuéy teXtUre’on‘recghstitutibﬁ. The .
damage may be considerab1e‘if~granu1atiohtﬁkés.b]ace when the moisture
‘content‘of the potatoes is lower tﬁan 35%, which is the Tower limit of
the ideal range of 45-35% for granulation. Under ideal conditions,
howeyer, the damage should be low, not exceeding 3% broken cell count
" {n the final product.
| The'granulated»potétoesfweré dried in a fluid bedﬂdryer at’a

temperature and velocity of 72°C and 115 m/min, respectively. The
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product was then passed through a ser1es of s1eves ranglng from 18 to
60 mesh Particles retained on 18 mesh consisted mainly of unmashable
't1ssue (e g damaged tissue that was not trimmed), and reformed aggre-
gates of severa] ce]]s (F1gure 35) "The oversized aggregates were
formed when re}eased starchgfrom damaged cells hound other cells so
. tightly together that evenvrigorouscgranu1ation failed to separate
them. 1If granulation takes place when the moisture content of the

potatoes is h1gher than the upper 11m1t (45%) of the ideal range this

“portion of the product cou]d be cons1derab1e (00ra1ku1 1978). Howeyer,

7 the regect port1on shou]d not exceed 2% under 1dea1 cond1t1ons

o)
The 1ntermed1ate size granu1es (sma]]er than 18 and b1gger than

60 mesh) normally constituted not more- than 10% of the total output.
They consisted largelyof aggregates comprising several cells which
failed to separate during granulation, or which might have been reform-
ed after granulation (Jericevic and Ooraikul, 1977). They could be
reprocessed together with the freshly thawed potatoes w1thout adversly

affecting the process or the final product.

5.1.3. Comparison of the A—B and F-T Processes.

The difference between the A-B and”the F-T processes lies
esséntia]]y in the method of granulation. The A-B process requires’ the
use of a considerable amount of dry granules to aid in the separation
and in the reduction of the moisture content of the freshly cooked cells
in the mash-mixer . During mash-m1x1ng ‘where compress1on and fr1ct1on

'fare the predom1nant forces - 1nvolved the potato ce1ls need to be
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strong in order to w1thstand those fOrces w1thout susta1n1ng excessive o

o damage Th]s nece531tates precook1ng and coo]fng treatment of the

':vdpotatoes prlor to final® cooang Furthermore, the mash m1x1ng step of
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the‘operation requires 85-90% of fhé dried product to be recycled
vthrdUQh the.system (Gutterson,‘1971)77 Most granules have. to ehduhef
an estimated 8-10 procesaing cycles. before they are uacked out as
producf.b Thus, accumulated physical and nutritional damage_to'fhe'
product can be quite cbnsiderabie. The chahce of one bad batch
cohtaminating’the fo]]owing 8;10 cycles of fhe product is also subs£an-
.tial' S1nce add1t1ves which include surfactants and ant1ox1dants
'are added at the mash m1x1ng step together with. the recyc]ed granu]es
the additives may not be un1form1y distributed throughout the freshly
cooked potatoes,. resu1t1ng in a product with 1ncon51stent quality and
Storage properties. For example, rancid off—f]avour dué to lipid
oxidation often develops during storage or in transit, and only traces
-of antioxidants such as BHT are.found in such granules (Pun and
Hadziyev, 1978).

Since no freezing and thawing is involved in the process, howevér,
the A-B granules tend to be more codpact and round, resulting in a
- product of high bulk density (about 0.9 g/en’). This is desirable
when the economy of packag1ng is cons1dered Pdund ahd déhsé granuleé
a]so 1end themse]ves well to automatic mashed potato machines, which are
becoming popuﬂar in restaurants and institutions, where an individual
serying of potatdesvis produced'by the push of‘a button. On the ofher
hand, without freezihg and thawing to :induce somewhat drastic changes
in physicochemica].propertﬁes of gelatinized starch, the water reabsorp-
tion capacity of A-B granules tends t0\ary with-the dry matter content
of the raw potatoes used (Ooraikul, 1978). | |

The Tevel of reject in the A-B product is'alsd high, often more

than' 5%. There appear to be two major causes of the high rejeét.
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Firstly, potatoes of different varieties and dry matter-contents may
require different combinations of precooking and final cooking.times

for effective cell separation on mash-mixing, Reeve (1967) states

that. precooked potatoes requ1red 1onger cook1ng time than those not

S0 treated, and that the effect of precooking may ‘be “cooked out™. - On

the other hand, undercooklng may result in a cons1derab1e amount of hard

unbreakab1e p1eces oftissue, Teft intact after mash-mixing, wh1Eh will
be sifted out as djepardfaftertair;Tift‘drying. The second cause of
:the‘high reject is the release of starch gei from cells that were
damaged during mash-mixing. This released starch may:eausepbalimforma;
tion by hinding other cells or aggregates into relatively large |
’aggTomerates (Figure ?6) which will also be sifted out as discard.. A
high proportion of discard leads to considerable financial loss.

VIn the F—T‘nrocesé, the cooking technique is simple and straight
forward. The only requirement is that the potatoes muSt'be.comp1ete]}
cooked. The coqkedrbotato cells are effettive1y ;eparated}during’
mashing wfthout mUCh damage " The add1t1ves are 1ntroduced at th1s
'jstage ,and, s1nce the mash1ng13kes p1ace at hlgh temperature they

'are read11y 1ncorporated ‘and more un1form1y d1str1buted throughout.
the whole mash than .in theAB mash—m1x1ng, Thusg the F-T granules’

- would be more uniform in the%r broperties than the A-B product.
Effect1ve cel] separation on mash1ng would allow partial water remova]
from individual cefls by ice formation on freez1ng On thaw1ng, this

Water remains largely outside of the cel]s,.causing~the mash to assume

_properties 51m11ar to those of granular materials such as wet sand.

These properties are essential- to quick water remova1 in the predrying

step. Freezing also toughens cell walls (Greene et a] , 1948), making
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St poss1b1e to appTy the st1rr1ng action in the predrylng step to gv”
| acce]erate dehydratlon, and in the granulat1on step to further separate
the- ceTTs w1thout 1nfT1ct1ng excessive damage, Freezjng also accelerates .
- the retrogradat1on of the starch -gel (French, 1950).to'near-completion,
hence,'optimizing the physicochemical changeS'in the starch matrix of

the granules. Freezing causesa remarkabTe cons1stency 1n the water
.reabsorpt1on capac1ty of F;T grahuTes made from potatoes of d1fferent |
varieties or dry matter contents (0ora1ku1, 1978). .Thawtng, however,
must be controlled so that the temperature of the mash.-is not higher'

- than 5-8°C when predrying starts or the benefit of freezing:wiTT be |
substantially lost through reabsorption of water and softening of cell

walls, o
\

Predry1ng and granu]at1on are two of the most 1mportant steps

of the F-T. ‘process ; and . qu1re reTat1ve1y prec1se controT These steps

determine the amount of fin granu]es in the ffnaT product the extent of
VceTT damage, and the amount of\d1scard Excess1ve1y~h1gh temperature e

fdur1ng predry1ng may heat up the product too rap1d1y before the mo1sture

is reduced to a safe Teve] of about 55% A warm product reabsorbs water, e

and the cells tend to st1ck to -one another The u1t1mate resuTt may be
fa11ure of the purpose of the predry1ng step, aS\the product would
‘conStst of balls of various d1mens1ons that have a dry surface and soft
.centers and w1TT not f1u1d1ze Th1s, however, is an extreme case., Well
controTTed predrying will produce a compTeteTy flu1d1zed product of
about 40«45% m01sture content 1n about 18-20 mln, depend1ng on the.
initial. moisture content of the potatoes

-Granu]atlon should foTTow 1mmed1ate1y. The controT of air tempera-

ture and yelocity is also crucial, If the - tenperature and veToc1ty
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of the air are too high, the mo1sture content of the potatoes will be
reduced through the cr1t1ca1 reg1on of: 40~45% before the product is
“completely granu]ated Th]S will resu]t 1n a high proportlon of
d]ntermed1ate size granu]es (between 18 and 60 mesh), and, probab]y, a
§§%1gh number of broken’ ce11s (Figure 34c). Proper.granulation should be
: comp]eted'Tn about 10 min, when essentially al] the granules’ are f1u1d1zed
in the air stream of 30 m/min.

Due to partial separation of water from the cell during freezing
and thaw1ng and rapid dehydrat1on during predrying, a cons1derapﬂe
shrinkage of the cells occurs.’ This results in granules of angular
shape and shrunken appearance (Figure 34a) which give rise to lower bulk
density (about°0'80-0 85 g/cm3) when compared w1th that of the AB -

o granules'A The granu]e de]1very system of the automat1c mashed potato
machine may need - some s1mp1e readJustment to accommodate the F-T granules,- -
F-T granu]es genera]]y absorb water faster than A= B granu]es perhaps . ‘

*,due to the fact that angular granules ‘have a b1gger surface area per
run1t we1ght‘ Atso, the surface of these granu]es appears to be covered
with m1nute holes (F1gure 34b) wh1ch may permit faster penetrat1on of
hwater e N IR 7',. . 3

| 0ver51zed granu]es (d1scard) appear to be produced by imcomplete
mash1ng and/or 1mproper predny1ng, where potato tissue is unmashed or

' sma]] agg]omerates of granu]es are formed w1th the a1d of released starch
from damaged celts (Flgure 35). Under proper conditions the discard,
con51st1ng 1arge1y of unmashed t1ssue, is rare]y higher than 1%, so

.

’ there 15 a conSIderable sav1ng over the AQB process
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- 5,2, EFFECT OF THE PRECOOK fREATMENT IN THE F-T PROCESS.. *
5.2.1. Processing Characteristics, |
Predrying and granulation are the two most cfucial'stéps in ‘the
F-T process (Ooraikul, 1978). DNue t§ "hall® formation, the -product
obtained aftef precooking and coé]ing (Treatment I) ébu]d not Sé pre-
dried as successfully as that which had not been precookea (Treatment
| . II). The prddu¢t from Treatment I was doughy and-g1ﬁey and tended to
. stick to the fluid bed. This‘prevented broper'f1uidization. When
mashed}‘it conta%ned many hard, unbroken pieces,»oftén as large as
0.5 cm in diameterzv This écce]erated the formation of balls ana
resulted in an increase of reject material. Incfeasing mashing time

from 1.5 to 2.5 min énTy.reduced the size of these pieces without

eliminating them, and made the mash more gluey, causing further problems

. in predrying.

“Improper predfying‘Ted to further difficu1ties during the granu]é-
ftionistepx .The'producf,at this stage‘containéd many Tumps whicﬁ were
dry'anaﬁcrusty on tﬁé outsjde and-wef inside. This necessitateq longer -
granulation pe;ibds than gﬁe normal 10 min at the expensé of é higher
peréentage of broken cells, leading to further deterioration of the
product‘s_téktural‘quality, as shown by data from Table 4. |
The eff{ciency of the f—T prdcess_was imbroved by altering some
of the norma} parameter§ to-obtain'better‘fTufdization and graﬁu]atiqn.
- This was done by reduéing thé‘temperatUre of the drying air, ghd by"
increasing the air ve]ocity,'drying timesgnd the stir%er speed (Table 5).
The yield was improyed'by increasing the mashing time from 1.5 to.2.5 - \-a
‘min as the potato cells were slightly betier separated, The modifications:

of the processfngtpafameterslimproved fluidization during the predrying

LY
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and granulation steps, resulting in further improvement of the yield
(Table 4). However, when compared to the normal process where the
potatoes were steam-cooked without precooking, the yields of batches

with the precook treatment were unacceptable. Furthermore, the amounts

4

of reject and broken cells in these precboked products were unacceptabTy
high. This appears to be due mainly to the fact tﬁat precooking
strengthens the CWs (Bartolome and Hoff, 1972b) without weakening the
binding force between the cells, resulting in rupturing of the cells
when shear and compression forces are applied during thé mashing, pre-
drying and g.anulation steps.

On the other hand, strengthening of the CWs is desirable in the .
A-B process, as cell separation is:acComp1ished by adding approximately
twb parts of dry granules to one part of cooked potatoes, and mixing
and rubbing thé dry particles against the cooked wet tissue for about
30 min under the action of rotary beaters. I1f the CWs were not
toughened by precooking, mash-mixing would cause excessive mechanical
damage to the cells, thus releasing free starch. This would not only
make the succeeding stages' of processing more difficult, but would
also produce an inferior product (Harrington et al., 1959; Olson and

L

Harrington, 1955).

5.2.2. O0Objective Téxtura].Measuremenf of Intact Tissue aﬁd of
- Mashed Products.
Trial runs for compression tests showed . the expected variation
in firmness of different parts of the potato tuber. It appeared, how-
ever that samples taken from the inner phloem region of similarly sized

tubers minimized this variation, To further reduce the variation, samples

ity AR eI e ST
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from each positien were cut in half, and treated as described. The
results shown in Table 6 indicate that intact potato tissue receiving
the precook treatment is firmer, and requires more compression force
(1.37) than a product without the precook treatment (1.17).

These results are in agreement with those.reported elsewhere
(Bartolome and Hoff, 1972b; Olson and Harrington, 1955; Potter et al.,
1959). However, when precpoked arid steamed pofatoes were mashed, even
for an extended period of time, the mash was nof mealy and fluffy as
other reports had suggested. In fact the mash had a doughy appéafance
and mouthfeel, which indicated excessive cell damage. Glueyness
measurenfents presented in Table 7 show that precooked and steam-cooked
potatoes mashed for 1.5 min exhibited about three times more glueyness
than the steam-cooked samp]é. An attempt to further separate the cells
by increasing mashing time from 1.5 to 2.5 min resulted in even

“

greater cell damage, as shown by twofold increase in glueyness.

5.2.3. Pectic Substances.

Uronide contents of potatoes cooked with and without the precook
treatment aré presented in Table 8., Statistical analysis shows that
there is no significant difference (p <0.01) in the water- and calgon-
soluble pectic substances of raw and of precooked potatoes. In fact,
when the amount lost in the precooking water is taken into account,
the wéter-so]ub]e fraction of the precooked tissue is approximately
the same as that.of the raw tissue. However, raw and precooked
»réﬁatatoes have a lower wate;- and calgon-soluble pectic content than
the precooked and steamed tuber, which in turn has less of these pectic

fractions than the sample with on]y—steam—cooking. This may suggest

that pectic substances in potatoes are mainly in tightly bound forms
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and that only the temperature of cooking brings about their'substantial

dissolution.

not solubilized after”precookiné and cookiﬁg. On the
other hand, thé difference between fhe apparent tofai uronide content
of steam-cooked tissue (]307.5 + 86.9) and the total of raw tissue )
(1311.7 +82.1) is inSignificant. This-implies that practically al]
pectic substances were conveﬁted to soluble forms by cooking without
the precook treatment , rendering the steam-cooked cells 1es$ tough and
much more eaéi]y separable than those réceiving the precook treatment .
Bartofome and Hoff (1972b) proﬁosed that Ca2+ and Mg2+ from the

cell interior diffuse to the cW at precooking temperatures and react
with the increased amount of free carbdxyT gro&ps of the CW bectins
obtained as a resylt of PME activation at above 50°C. The ionic
1inkages so formed woﬁ]d‘then render the CW pectins mofe resistant to.
further thermal degradation. However, in this study precooked and

steamed intact tissue was firmer and less separable .into single cells

than tissye steam-cooked alope. This suggested that, 1ike the CW, the

after precook treatment, 4 study by-tfansmissfon_e]e;tron microscopy

(Chung et al., 1978) of butanol-treated potato cells showed that the

/



£higkné$§ ﬁvaL Qas only 0.13+0.6 um. It was séndwiched‘betﬂeen two-
adjacent CWs, each of 0.56:0.18 um. These results might then suggest
that ion diffusion into the CW and/or enzyme activation within the

CW would also involve 'the thin ML. This would account not only for
the lesser dissolution of pectic substances (Tabie‘B) but also for all
the results experienced in the F-T process wherein the cooked tissue
ihad to be sybdivided‘into singielceiis or small aggregates.

The above suggéstion might be subported by ‘Linehan and Hughés,
(1969b). They estabiisﬁed a significant statisticai'correiatibﬁ between‘
intercellular ;obesion and the calgon-soluble pectin fractidn that is
thought to be the "intercellular cement", ile., ML. As .found by
Keijbets and co-workers (Keijbets and Pilnik, 1974b; Keijbets et al.,

-1976), the pH of the potato tuber is suitable for pectin degradation
by a mechanism of depoiymerization known as g-elimination. They found
that a potato CW preparation. (58% esterifiéd pectic galacturonan),
when convert?d into less esterified pectin, inc;eases ifs binding
capacity towards Ca2+. Also, their finding that Ca2+ ions have a
large capacity to insolubilize and stablize the pectin structure of
the CW during boiling for 30 min, even‘wheh pectin alone might be
progressively depolymerized, could be Qﬁuaiiy valid for pectins of the
ML. This suggestion is in agreement with the present findings as

well as those of Hughes et al. (1975). ihe Tatter authors also
proposed that the degree of solubilization of the pectic lamella res-

ponsible for intercellular cohesion is responsible for potato texture.

5.2.4, Scanning Electron Microscopy.
_Precooking induced hydration, sweiiing and gelatinization of
starch, as shown in Figure 36. The appearance of the cells as loosely

-~






filled could be due to the presence of cytop]asmic,materials,‘SQ;h as
Protein, between ge]]éd starch and CW, rather than to the incomp1éte
gelatinization of starch. The‘cytop1asm1c material was removed by
ethaﬁol dehydratjon during SEM sample preparation, Teaving space between
the starch matrix and thé wall. The CWs did not appear to separate from
one another, indicating that the intercellular binding material was
essentially undegraded by precocking alone. The walls were in fact
bound tjght]y to one another as éhown on the c1ose;up view in Figure 37.
| When the precooked tissue ‘was steam-cooked, some solubilization of
the cell binding material occurred (Figure 38). However, the cells were
still closely bound together, as shown on the croés-section photomicro-
graph of the cells (;igure 39), whereas, in the steam-cooked sample
without the precook treatment, they appeafed well separated (Figure 40) .
This indicated that the ML in the latter was better so]ub111zed, a110w1ng
“the .cells to become read11y detached from one another. The precooked
and steaﬁicooked cells, on the other hand, did not fully round-off and,
hence, the_expansjon force was not strong enough to overcome the force
exerted by the intercellular binding materiafs which might remain, in
some cases, in the form of bridges interconnecting the cells (Figure 41),
Nﬁen the precooked and steam-cooked tissue was mashed,-many cells
were not separated. This resulted in a mash consisting largely of
cell aggregates rather than single cells (Figure 42). Much of the CW
sustained extensive damage, thereby exp051ng the starch matrix and
contributing to the glueyness of the mashﬁ\\Even after freezing and
thawing, the cells remained in the form of such intact aggregates
(Figure 43).

After the thawed mash was predried for 10 min, the cells appeared
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shrunken due to moisture loss, but most remained tightly fused to each
other (Ejgure 44), rendering fluidization very difficult. After EO min
of granulation with the stirrer in the fluid bed running at a higﬁ'a’m
speed of about 600 rpm to supply riggrous shearing and compression, somé
of the aggregates were reduced in size. ﬁbwever, the majority of the
pértic1es were still.-in the fonn5of tightly bound aggregatesAofIEevera1
cells (Figure5‘45 and 46). This resulted in a low yield of the final

I

product (<60 mesh partfc]es). A,
¢ Thus, SEM“study of precooked potatoes being processed with the
F-T tgchnidue appeared to support other data that the precook treatment

may be highly detrimental to the F-T proce-s.
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5.3. MODEL STUDIES N THE ROLE OF PME, CATIONS AND SfARCH IN THE FIRMING
EFFECT ON‘THE PRECOOK TREATMENT OF POTATO TIéSUE.
5.3.1. Enzyme "Assay of PME .
The principle of the‘method developed by Kertesz (1955) was
considered to be the most suitable for PME assay.  The method involves

measurement of the rate of the reactioﬁ in which PME de-esteri fies pectin,)

enzyme activity,

5.3.1.1. Enzyme Extracfion Procedure.,

The effect of NaCl concentration and the volume of the extracting
medium on the amount of enzyme extracted is shown 1in Figures 47 and 48.

: : : .

The best extraction was obtained when the ratio of fresh potato to
extracfion medium (TM NaCl) was 1:2 (w/v), thérefore, that ratio was
used throughout.

5.3.1.2. Eva]uatfon of the method for PME Activity Determjnation.

Preliminary experimehts indicated that the reaction rate was
dependent on the total volume of the reactfon mixture, and the concen-
trations of substrate, enzyme and NaCl. Also, the acfivity was linear
only if the alkalj coﬁsumption was between certain Timits. This could
be due to a decrease in.substrate and énzyme concentrafion caused by !

<

the addition of Targe. amounts of alkali during PME determination.
According to Vas et al. (1967), lower éctivity and irregular coyrse
of reaction are to e expected when using Tow NaOH concentrations. 1In

the ;procedure adopted where the reaction mixture consisted of 4 ml of
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Figure 48.

Effect of extractant volume on PME activity.
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0.6% pectin solution and 2 ml of the enzyme extract, the activity remained
Tinear for a period of 20 min when the consumption of 0.01M NaCH waé 2 ml
or less.

5.3.1.2.1. Effect of substrate concentrationf

By varying.the pectin concentration between 0 and 0.5% at a constant
enzyme concentration, PME activity was shown to depend s1ighf1y on the
concentration of the substrate, higher levels tending to give somewhat
increased de-esteriffcation rates (Figure 49). Thus, to ensure that
the substrate concentration did‘notkbecome a 1imiting factor and to
maintain a linear activity mte for at least 15-20 min, 0.4% pectin was
found to be the most suitable.-

5.3.1.2.2. Effect of enzyme concentration.‘

Optimum activity was obtained when the reaction mixtnre was
comprised of 2.5 ml enzyme extract and 3.5 m].pectin‘po1ution. Since
higher amounts of enzyme would require greater alkali consumption, a
mixture of 2 ml extract and 4 ml pectin solution was considered more
desirable. Large amounts of the extnact wthd‘also result in a high
NaCl Tevel. This would have anninhibitory effect on PME activity
(vas et al., 1567).

Concentration of NaCl in the reaction mixture was not adjusted,

- and varied from 0.5 to 3.0%. The differences in enzyme activity.might

be attributable to this, since Vas and to—wo?kers (1967) showed a
dependence of PME,activity on NaCl concentration. This was confirmed
by a later study where a concentration range of 1.5-2.0% NaCl was
found to be optimal,

5.3.1.2.3. Effect of NaCl concentration,

Since fairly high levels of NaCl are necessary to desorb and
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solubilize PME, it 'was considered necei§ary to estggaish the effect
of NaCl concentration on the enzymatlc reactlon rate,
The optimum concentration was between 1.5-2.5% NaCl (Figure 50) .

Concentrations hlgher than 3% had a def1n1te lnhibitory-eﬁfﬁnx on PME-

'n - W

action. This was taken into consideration in ﬁevelop1ng thé'enzyme;“%v
extraction procedure and uwstab]]sh1ng the amount of enzyme extr;ét‘
to be used. X

5.3.1.2.4. pH and temperature optima for PME activity.

It was found that the optimum pH (Figure 51) and temperature
(Figure 52) for enzymatic de-esterification of éectin were 7.0 and 60°C,
respectively. However; in the final method of PME assay a pH of 7.5
and a reaction temperature of 30°C were chosen since these values are
becoming widely accepted for the determination of PME activity,

5.3.1.2.5. PME activity in freeze-dried potato and CW/ML.

PME activity, expressed aé uM carboxyl groups released per min at
30°C, for raw fresh and freeze-dried potato, and CW/ML, was, 9.72, 9.27
and 2.34 E.U./per g dry matter respectively. This was based on the -
moisture content of the samples and on a pfevious finding that, on a
dry matter basis, potato had 5.1% CW/ML material. Th15‘wou]d indicate
that ffeeze drying the tissue had little effect on PME activity, and
that about 24% of the PME was bound to CH. '

5.3.1.2.6. Procedure fé&npotato PME determination.

The procedure finally adopted was:

A sample of 10.0 g freeze-dried potatoes (equivé]ent to 40 g fresh
weight) was extracted with 80 ml 1M NaCl (section 4.3.3.5.1.). An
aliquot (4 m1) of 0.6% pectin solution was pipetted into the pH-stat

reaction ce]],_maihtained at 30.0+0.1 °C with a water jacket, and the

144
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magnetic stfrrer-started. After allowing 2 min for the pectin to reach
30°C, 2 ml of enzyme extract were added. The pH of the reaction mixture,
now having about a 2% NaCl content, was quickly adjusted to s]ight]yA
above 7.5 by adding NaOH, and the automatic titr;tor started. The
cdnsumption of 0.01M NaOH as a function of time was recorded for 15-20
min. Enzyme activity per ml of enzymeuextvact per min was evaluated
from the slope of the linear portioﬁ of “he activity line and convertéd
to PME units (number of carbo£§a groups liberated in a min per g of
dry matter of tissue) knowing that, stoichiometrically, 1 uM C00™ = 1 mi
1mM NaOH.

5.3.1.3. Effect of S0, on PME Activity.

Reduéing agents are known to genera]ly inhibit enzyme activity,
so 1t was of interest to determine if the/SO2 addeq-during peeling and
slicing stages affected the role of PME during precooking. It was
doubtful that the potatoes picked dp SO2 Tevels as high as those used
in this PME study. The presence of up to 1000 ppm Séz did not have an

| inhibitory effect on PME action (Table 9).

v

Table 9. Effect of SO2 on PME activity.

ppm,SO2 Enzyme activity*
0  0.78 )
50 0.82
200 0.79
500 - .79
s
1000 F 0,77

£

s

% PME units/min/ml of enzyme ext;%ct.
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Results fram PME studies confirmed the observations made by other
workers (Bartdlome and Hoff, 1972a,b ; Keijbets et al., 1974) that
potato PME is quite thermally resistant. As indicated by “the re]edeef
of free carboxyl groups, PME is not active to any appreciabje extent
until about 50°C. Its activity is maximum at 60°C, and negligible at
70°C and abdteu fhus enzyme activation takes place in a temperature
reg1on slightly below the onset of thermal 1nact1vat1on This is also
the region where firming of potato tissue has been observed (Reeve,
1954a,b,c ; Potter et al., 1959 ; Bartolome and Hoff;A1972b), imp]ying
that the choice of time and temperature for precooking is very critica1.

- The above indicated that, at precooking temperatures, the cond1—
tions in potato tissue are suitable for enzymic demethylation and }'
metal-bridge formation, as proposed by Barto]ome and Hoff (1972b)
Noteworthy is the appreciate amougt of thermal demethylat1on at pre-
cooking temperatures (Figure 52) This would augment the nquer Qf

13

the free carboxy] groups available for format1on of salt bridges

5.3.2. Mlnera] and Pectin Content of Potato Tuber, its Starch and CN/ML

! The mineral composition of potato tuber, {%ts starch‘ﬁand CN/ML

:Han i
is'shown in. Tab]e 10. Th1s analys1s was carried out to detérm1ne the P
' and Ca content ‘to enab1e both the preparation of Ca‘starches and the
simulation in model studies of the relative proport1on of the constituents

e
in the potato tuber. The starch and"CW/ML which constituted about 80%

of the dry matter in potato, accounted for about 45% of the total Ca2+ .

in the tissue, compared to 80% reported by Barto]ome and Hoff (1972b)
These -authors used wet ashing w1tﬁ HC]OA.HN03, a technlque whlch, in

| the preeeht wofk; presented difffeulties. and gave 10WerlP and Ca values,

eSpecfa11y~fqrfwhoTe tuber. However, Cazf contents for both the CN}ML
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and starch were in good agreement with Bartolome and Hoff (1972b).
CW/ML constituted about 5.0+0.1% of the tuber dry weight. This
was comparable to the value Of 5.6+0.6% reported by Hoffvand‘Castro
(1969). Pectin content and its DE value in potato CW/ML are §hown in
Table 11. The AGA content, as determined by the Cu2+ ion-exchange
technique (Keijbets and Pilnik, 1974a), and the carbazole reaction

method (McComb and McCready; 1952), were comparable. The Cu2+

ion-
exchange procedure, performed before and after saponification, enabled
the calculation of both the DE VaTue'and pectin content. The calcula-
tion, based on the stoichiometrical reaction of two pectic carboxylic
\grdstAbith one cul? ion, is shown in the Appendix. It should perhaps
be noted that the. formula given by Keijbets and Pilnik (1974a) is mfs—
leading, although their uronide content of 16.3% and DE of 58% are in

agreement with the present data.

5.3:3. Effégt of Pnecooking Temperature on DE and Solubilization of
Pectin in CW/ML. . |
Incubating CW/ML in a buffer system at precookihg temperature
supported the data obtained in the assay of PME. Highest demethylation
was obfained at 60°C when the DE decreased from 54.5% to 51.7% (Table
12) .~ Bartolome’and Hoff (1972b) reported a decrease in methoxyl content
of 5-10%. Taking into account the fact that CW/ML has about 24% of the
tota] PME actigjty in fresh tubers, a decrea@é of 2.8% in the DE would
represent a decrease of 11.2% in the tuber. Whether meté]-bri&ge forma-

tion inyolying this quantity of galacturonic acid monomer can reasonably

be expected to account for the textural changes may be questioned,
The results also indicated that a relatively minor portion of the

CW/ML pectin solubilized at precooking temperatures. However, the
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Table 12. Effect of precooking temperature on the degree of
‘ fication (DE value) and anhydrogalacturonic acid
content of potato cell wall/middle lamella pectin.

esteri-
(AGA)

% AGA 1in Total pectin
Temperature DE va .e residual Solubilized (% AGA)
°c | CW/ML AGA(%) d.m.b.*
25 54.55 + 0 15.§Z’i 0 -~ 15.92
50 53.36 + 0.25 15.73 + 0.03 0.67 16.40
55 52.58 + 0.25 15.45 = 0.08 0.71 16.16
60 51.71 + 0.37 15-.04 + 0.04 0.83 15.87
65 53.32 + 0.57 - 15.02 = 0.04 o l.23 16.25
70 v54.27 + 0.30 15.20 + 0.01 0.91 16.11
75 55.13 + 0.16 15.34 + 0.04 0.94 16.28
100 55.71 + 0.09 10.68 + 0.05 5.62 16.30
TN,
* d.m.b.'= dry matter basis o4 ’//»(/)

cell wall contained 1.24 mg Ca

per

g dry matter.
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nature of the remaining pectin was altered in terms df its methoxyl
content. It should be noted that, in this particular study, where
"native" CW/ML was used, solubilization of pectin was consider:BIy less
than in the~later studies when H-CW/ML was used, Native CW/ML contained

a substantial amount of Ca2+, suggesting that C32+ within the CW/ML

was also involved in the stablization of the pectic galacturonan.

¢
¢

5.3.4. Pectin Changes in CW/ML induced by Potato Constituents Buring
Precooking, Cooling and Cooking.

The effect of Cal’

., PME and temperature during precooking 15‘
shown in Table 13. With no Ca2+ added‘and in the presence of PME,
essentially all the pectin was solubilized, whereas, about half was
solubilized in the absence of enzyme, Additibn of sufficient Ca2+ to
neutralize the free 00~ groups in the EW/ML reduced pectin solubility
from 14% to 1.38% in the presence of PME and from 7.3% to 0.3% in 1ts
absence. At the same time, all the zded Ca2¥ was taken up by the QN/ML.
This ind{cated that Ca2+ had a great affinity towards binding on the
CW/ML, and stablized pectin against thermal degradation. A similar trend
was observed at 100°C.

Ca2+ lTevels above stoichiometric equivalence with pectin free C20°
groups (373+7 yeq/g CW/ML dry matter) .did not furtﬁqr suppress pectin
solubility, althpugh the Ca-uptake by the CW/ML increased. At a Ca2+/
CO0™ equivalent of 5, the Ca-uptake by the CW/ML was 930430 peq Ca2+/g
(compared to the 62 yeq initially present in the CW/ML, Table 10). This
suggested that CW/ML had a Ca-binding capacity greater than the quantity
that would satisfy the free C00™ groups. The nature of these binding

sites of Ca2+ rematn to be clarified. It has been suggested that pbytic

acid, known to occur in CW of many vegetables, has a great capacity to
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TSS
bind-ca2+, and may be involved. Accounting for all the Ca-binding sites
may not be possible, but {t is clear that th; free CO0™ groups are not
the only sites. |

Of interest was the finding that, even in thé presence of Caz+

b}
]

pectin solubility was greater at both the precooking temperatures studied
when PME was present (2.14 vs 1.22 at 60°C and 1.58 vs. 1.21 at 65°C), '
and that the éo]ubility was greater at 60°" “han at 65°C. This indicated
that PME may enhance pectin solubilization, particularly at precooking
temperatures, in the region of its optimal activity. The results
suggested that an abpreciable»amount of pectin was not stabilized by
Ca2+, as indicated by the higher % AGA solubilized in the presence of
PME at all 1e§els of added Ca2+ (Table 13). _The net result would be
that, if PME was allowed maximum activity during precooking, the
firmness of the tissue would be lower than when PME activity was
restricted. This was shown by the results obtained when the firmness
of potato tissue precooked at different temperatufes was measured,
(Section 5.3.5.).

Table 14 shows that a similar trend was observed when Ca-starch
was used as the source of Ca2+. Pectin solubilization at 70°C was
lower than 60°C, indicating that the pectic substances were more stable
at 70° than at 60°C. This suggested that at 70°C more Ca2'+ was avail-
able for stabilization of pectin galacturonan. The precooking tempera-
ture, whether 60° or 70°C, determines the extent of starch gelatiniza-
tion and should, therefore, affect the availability of_Ca2+ for metal-
bridge formation and, Gence, the extent of tissue firming.'

In the final model study, a precook’ng temperature of 65°C was

chosen as d compromise between 60°C, at which PME activity is optimal,



156

and 70°C, when all st;rch granules are gelatinized. When the CW/ML and
Ca-sta#ch preparations, precooked at 65°C in the presence and in the
absence of PME, were cooked at 100°C with or without cooling, almost all
the pectic substances were solubilized when using H-starch (Table 15).
About 14.5% from a total of 16.3% pectin was solubilized by therma de-
gradation during cooking, probably by the 3-e11mination mechanism propos-
ed by.Keijbets and Pilnik (1974b). 1In the presence of PME a further
1.1% pectin was solubilized during precooking, suggesting that pectin
demethylated by PME was rendered more susceptible to thermal degradation.

With Ca-starch, the solubility of 15.6% was suppressed to 7.9%
and 9.8%. respectively, in the absence and ih the presence of PME, when
cooling was omitted (Table 15). Since stabilization of Ca<bridges would
not be possible at the precookfng temperature, it is reasonable to
?ssume tﬁét pect1n‘with a decreased DE is more susceptible to'therma1
degradation. This would explain the 1.9% difference in pect%n solubility
between the two treatments.,

Enzyme treated sample which was cooled had more solubilized
pectin (12%) than that which was not cooled (9.8%). the difference of
2.2% may be attributed to the residual PME activity during cooling.
In the cooled sample, some of the free C00~ groups, produced during
precooking, would be stabiTized by Ca2+ released from the partially
gelatinized starch. However, it appeared that PME continued to
demethylate pectin, the>structure of which had been weakened by pre-
cookiné, thereby freeing more CO0 groups. Pectin with a low DE is
expected to be more susceptible to depolymerization than pectin of
high DE value. Hence, the total pectin solubilized on cooking,

following the cooling step, was higher than when cooling was omitted.

R T T
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Table 15. The effect of Ca-starch, MgZ' and cooling on CW/ML pectin
solubilization after -precooking (65°C) and cooking.

. AGA as %/cell wall dry matter

H-cell wall +

starch Cooling No cooling
+ - + =
H-starch ' 15.65 14.35 15.58 14.62
Ca-starch 12.01 7.96 9.79 . 7.92
MgZ* . 14.35
In presence (+) and absence (-) of PME. ﬁ\\)k_

PO ST
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It is noteworthy that Mg2+ had no effect on pectin sotubility,

In the M92+ study, although no PME was present, the H-CW/ML had 373 yneq
of free CO0™ groups per g, which would be available for the Mg2+ to

form metal bridges and, hence, affect solubility to a certain extent.

In the preyious experiments, addition of Ca2+, even in the absence of
PME, caused a considerable decrease in pectin solubility. This corro-
borated the finding of Keijbets et al{ (1976) that Ca2+ but not M92+
stabilized pectic galacturonan, and d%sagreed with fhe data of Bartolome
and Hoff (1972b) which implicated both Ca2+ and,Mg2+ in metal-bridge
formation with de-esterified galacturonan.

Accordihg to Bartolome and Hoff (1972b), precooking brings about
enzymatic demethylation, producing additional free C00" groups. Thermal
diffusion of divalent @mtions deve]ops'crossfljnkéges between galatturonan
chains and renders the pectic substances more resistant to thermal de-
_gradation. Data from modé1 studies ﬁnm]ating precdoking, cooling and
cooking suggest that this might be partially true. However, present
data show that pectin stabilization by Ca-bridging among the €00~ groups
released by PME may be superceded by pectin solubilizatidn enchanced
by demethylation duriné precooking and cooling.

‘ The inference would, therefore, be that PME has a limited, and
possibly negative, role in the firming of potato tissue during pre-
cooking. In fact, if maximum firmnevs of the tissue is desired, pre-
cooking should be done at temperatures which would deactivate PME.

The temperature chosen should he such that starch 1s completely |
ge]atinfzedg%o make ayailable a mayimum quantity of Ca2+ for pectin

stabilization.

ATV
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F 24



160

5.3.5. Effect of Calcium on Tissue Firming During the Precook Treatment.

Results from the model studies showed that, during precooking,
cooling and cooking, availability of the Ca2+ Bbound to starch, together
with galacturonan solubilization and demethylation By PME had a profound
effect on the overall solubility of potato CW/ML pectins. Hence, thé
precooking temperature is very critical.

Studies using potato slices were carried out to further c]a;ify
the role of Ca2+ and PME on tissue firming during precooking. The
effects of precooking temperature, cooling, and Ca2+ availability
durihg precooking, cooling and cooking on tissue firmness were investi-
gated. The results shown in Table 16 may be summarized as follows:

1. Steam-coo%ed tissue was slightly firmer than that cooked in
water or in 200 ppm Ca2+

| 2. Tissue receiving cooling, with or without Ca2+ present, be-
tween precooking and final cooking was éignificant]y firmer (p = 0.05)
than the tissue without cooling. The effect was more pronounced if the
tissue was precooked @nd cooked in the presence of Ca2+. //ﬂ

3. If all three stepswere done in water, tissue firmness was £
not sign;ficantly affected by either précooking or precooking tempera-
’ture. However, if all the steps were done in the présence of 200 ppm
Ca2+, the firmness 6f tissue precooked at 70°C (751:47 g) and 75°C -
(763420 g) was significantly gréater (p = 0.01) than that precooked
* at 65°C. (435+26 g). | '

4. If steaming was used in final cooking, whether the previous
two steps were done {n the presence or absence of Ca2+, the resultant

tissue was significantly firmer (p = 0.01) than when water-cooking

was used.



Table 16. Effect of precooking temperature, cooling and Ca2+ on
firmness of cooked potato tissue,
Tissue firmness
(penetration in g-force)
1. Cooked in water 260 + 24
2. Cooked in 200 ppm Ca2* 263 + 9
3. Steam-cooked 286 + 20
4."Precooked(65°c), cooled :
and cooked in water 246 + 18«
5. As # 4, but precooked at 70°C 296 + 32 }‘],
6. As # 4, but precooked at 75°C 278 + 24
7. Precooked (65°C),cooled and
cooked in 200 ppm Ca2+ 435 + 26
8. As # 7, but precooked at 70°C 751 + 47
9. As # 7, but precooked at 75°C | 763 x 20
10. Precooked (70°C) and cooked in water 266 + 20
11. Precooked (70°C) and cooked in
200 ppm Cal+ o 416 + 23
2. preCooked (70°C) in water and o
”steam-cooked 334 + 8
130 Precooked (70°C) in 200 ppm ca2*
and steam-cooked ° 9 385 + 25 -
14. Precooked (70°C) and cooled in 200 ‘
ppm Ca2+, and cooked in water ~ 374 + 15
15. Precooked (70°C) in 200 ppm ca2*,
cooled in water and cooked in
200 ppm Ca2+ 564 + 24
16. Precooked (70°C) and cooled in
200 ppm CaZ+, and steam-cooked 547 + 37
17. Precooked (70°C) and cooled in- . '
water and steamvcooked‘ 452 £ 21

161



Therefore, the fo110wingyinferences may Be_made;

1. Precooking and éoo]ing are necessary for tissue firming,
since cooking alone, eQen in the presence;of Ca2+, does not bring about
the desired effect.

2. Ca2+ availability is more Tmportant than the production of
extra CO0™ groups by PME. Precooking at the temperature optimal for "
the enzymatic acticity resulted in tissue that was less firm than that
precooked at a temperature at which the enéyme Qas iarge]y'jnactivated.
At higher temperatures (70° or 75°C) starch was completely gelatinized
(Chung, 1979), resultihg in a greater_re]éase of'Ca2+. It would |
appear, then, that the primary aim of\precooking is to gelatinize the
starch, rather_than to activate PME as proposed by Bartolome and Hoff‘
(1972b).

" 3. If maximal firmness is desired, e.g., in canned, whole or
diced potatoes, additional Ca2+ is required in precookiﬁg; cooling and
cooking steps. However, this may not be the case in the prbduction of
potato granules, where overly firm tissue may result in excessive cell
ruﬁture during mashing.

4. Cooking in water of low Ca2+ content, e.g., soft tap water,
may, due to leaching of Ca2+, counteract the benefits of precooking_
(Haydar et'al., 1979). Steam-cooking would minimize this undeé%rab1é

N

_effect.

In Tight of the results from the studies of -model systems and of
intact tissue, the following mechanism {is proposed to explain the
firming of potato tissue by the precooking and cooling treatment:

Precooking serves primarily to gelatin{ze starch, a major §ource.

. ‘ :
of Ca2 n potatoes, rather than to activate PME. It also serves to

162 .-
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loosen the tightly enmeshed étructure of pectic substances in the CW/ML,
exposiyg the.ester1f1ed‘and free pectic COO;'§FOUPS“t0 further demeth-
1atj§3 and Ca-bridge formation. The‘heat also provides the ﬁecessary
energy of activation for Ca-bridge fo;mation. The Ca2+?re1eased from
gelatinized starch wou]d,vgiven sufficient. time, diffuse to the CW/ML,
where if would form Ca-bridges with free €00~ grbups present on the
Apectic galacturonan and those made avaf]ab]e by thermal demethy1ation.
Cooling reduces theAcaléium-péctate so1uEiTity, allowing the stabiliza-

" tion of Ca-bridges being formed. Once stabi]ized; the Ca—bridge§

would render the pectin galacturonan more resistant to further thermal
degradation, as has beeh prbposed by Bartolome “and Hoff (1§72b) and

later corroborafed by the results of Keijbets et al. {]976).

Thus, if precooking and coojfngisteps are omitted, Ca2+, although
released from the gelatinized starch, would be unable to form stap]e‘
Ca-bridges due to the excessive therma1 energy during cookihg. At the
same time, cooking would so]ubi]ize most of the pectin“present, thus
further reducing tissue firming.

Results in section 5.2: ihp]ied that pectin stabilization by Ca-
bridging could involve the ML as well as the CW. Maximal Ck f%rming is
desired to prevent cell rupture. Howgver, the degree of ML pectin |
so]ubilization,‘which“determines ce]llcohesiqn,’muéé be contrb]]ed sd'> '
as to prevent sloughing during cooking, yet é]1ow éasyrceli sepafatibn
during mashing. Clearly,.a balance between CW and ML ffrming is
~essential. The dgsired firming mqy'be achieved by controlling tempera-

ture, time, 3nd levels of added Ca2+:duriﬁg precooking and cooling.
- . . .
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5.4 FURTHER DEVELOPMENT OF THE F-T PROCESS.
5.4.1. Effegt_pf Product Temperature at Predr}ing.

According to Ooraikul (1978); the F-T process is considered to
have been successfully carried out when the f011ownng are. obta1ned

a. A minimum amount of discard (particles >18 mesh), usually
1-2% or less, to avoid economic loss.

b. A maximum amount of fine granules { <60 mesh), normally nst
less than 89%; to avoid excessive reprocessing and/or reduction in
product qdeiity. ,

c. A minimum amount of broken cells in the final product , :
normally 1-3%, to evoid a gluey reconstituted product.

The data in Table 17 indicate that the temperature of the mashed Eotatoes
entering the'predrying step s erucia], the optimal range being 8x2°C.

The thawing must be comp1ete befdre proceeding to predrying,

otherwise it is not possible to stir and dry the mash unfformdy, due

to "case hardening" on the outside of the still frozen lumps. lUnnecessary

cell damage occurs due to the breaking of the frozen mass and shearing
qf the soft cells against the rigid ice cnysfals.
Once, thawed, howevey, the potatoes should be'predried immediately

to avo1d undue raising of temperatqre wh1ch results in reabsorption of

F7

the released water back into the ce]]s ,» @S observed by 00ra1ku1 (1973),
and Greerie et al. (19?8). Such a mash behaves like unfrozen Gduct

and hence, is difficult to handie and predry due to the forpation of .

'c%;e ‘hardened ba]]s ‘which were often as -large as 2 cm in d1§Teter

Thus, extended thawIng has several deleterious effects on the -

F-T process. It allows mo1sture reabsorpt1on into the cells. -This.

negates the benefits of the freezing step (l.e.'%oughening of the

3

' Y] ..
" o
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Table 17. Effect of product temperature at predrying on the yields
of fine granules, discard and broken cells in the final
product.
Temperature °C _ % Yield A ¥ Reject % Broken
(-60 mesh) (+18 mesh) cells
0 64.2 3.4 8
4 79.7 1.8 5
7 91.8 0.1 2
10 91.4 0.7 2
12 82.4 0.7 3
15 . 64.6 2.8 5
18 58.6 3.7 7
Table 18. Effect of moisture content at granulation on the yields of
fine granules, discard and broken cells in the final product.
) 4 r .
% Moisture % Yie1dL % Reje * % Broken
content (~-60 mesh) (+18 mesh) cells N
46.5 ) 72.0 - 0.9 5 -
44,1 91.4 0.7 3
41.7 : . 91.8 : 0.1 2
38.9 . ' 81.2 0.8 2
36.0 70.0 - I ) 5
28.0 43.0 . 7.7 10

i3
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potato cells and diffusion of water from within the cells to the outs1de)
whlch form the basis of the F-T technique. Also, microbial contamination
and growth, as well as undesirable chemical changes, may occur if the

thawing is unduly long.

5.4.2. Effect of Moisture Content at Granulation.

It is apparent from Table 18 that the mofsture content of potatoes
at granulation ha$ a profound effect onéthe success of the process, and
that the critical moisture range is between 40 and 44%. Outside this
range the yields of the fine granu1e§ were unacceptably low, mainly due™
to an increase iﬁ the intermediate size granules at the Tower moisture
values, and ball forhation at the higher va]yes.

Thus it would seem that, within the critical moisture range, the
potato cells are more resistant to shear and compression, enéb]ing a
more efficient granulation. Experience in this Taboratory shows that,
when necessary, it 1is better to start granulation at the ubper rather
than the lower end of the critical moisture range as there is a margin
fbr correction. For the A-B process,'this critical moistu;e range has
been éstab]ished to be between 33-35%, whén the product is friable and
can be handled with minimal mechanical damage to the potato cells (O1son

et al., 1953; Potter, 1@54; Cooiey et al., 1954; Harrington et al., 1959).

5.4.3. Variation of Raw Material.

| The experiments showed that the F-T process could handle potatoes

with a wide range of dry matter content. Similar yields, With respect

to the amount of fine granules and product characteristics, were obtained

when potatoes with 19, 22 and 25% dry matter were used. Upon reconstjtus
: J

tion with hot wafer (1:4, v/w), all the granules produced mealy and fluffy

potatoes of a firm texture.
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Some changes sf process parameters had to be made during predrying.
The duration of oredry1ng depended on the amount of moisture removed
(T;bIe 19). Potatoes of:low solids required lower stirring speed and
higher air velocity and temperature to minimize undue mechanical damage
to the potato cells and to rapidly remove the moisture which would other-
wise be reabsorbed, resulting in a soggy mash that could not be predried
suécessful]y due to ball formation.v

The A-B process, on the other hand, is quite susceptible to
variation in the dry matter content of potatoes (Boyle, 1967; Ooraikul,
1978) . The processor normally does not ‘accept potatoes with dry matter
lower than 20%, since such potatoes give products of 1nfer1or textura1
quality (Harrington et al., 1959; Olson et a].,~]953). Howéﬁ§? ﬁ*ﬁﬁactsix*
from very high dry matter potatoes are soggy when the usual ratio of
granulefﬁp water (1:4, v/w) is used for reconstitution (Tamura and
Packer, 1976). A-B granu]es processed from potatoes of different dry
matter cok&gg;§ varied in their consistency when reconstituted, prompt-

ing one processer to only accept potatoes with dry matter of 20-22%.

5.4.4. Process Parameters and Stirrer Design.

During the predrying stage, "turning aﬁd mixing" of the mash is
desirable. A stirrer was Qesigned to optimize this effect. The stirrer
designed by Ooraikul (%973) was a rotary type made L; qf two aluminium
arms fitted with 0.32 cm diameter bent brass rods and fixed on to the
central drive shaft. This stirrer was used for both predrying and
granulation. A fan type of stirrér was dgsigned to maximiﬁsfturniﬁg .
and mixing of the mash during;redrying. The fan consisted of a central

body which could easily be fitted to and removed from the drive shaft.

Attached to the body on either side were aluminium blades (5 cm thick
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and 10 cm 1ong$ fixed at a 45° angle such that the mash had to pass
over the blades during stirring. The clearance between the stirrer and
the fluid bed was 0.2 cm, and that from the side of the fluid bowl was
0.3 cm. ‘

Tests showeg the fan type stirrer to be more efficient, as indicated
by no "ball" forma;ion, minimal sticking ©f the product to the fluid bed .
wall, considerable decrease-of intermediate size (between 60 and 18 mesh)
product, increase of fine granules (; 60 mesh), and 1itt1enreject

h

material ( >18 mesh). | ‘ B
During granulation, a controlled degree of aftnition forces is
desirable to granulate the product to 60 mesh size without actually
breaking the potato cells. Another stirrer was designed to optimize
”impaet" and "shear" forces (Ooraikul, 1973). The stirrer consisted of
the main body with a hole for the drive shaft and 1.5 cm thick_alnminium
bars, bent to fit the bottom of the fluid bowl. A1ong'the bottom of ther
bar were fitted eight inverted T-rods to increase ‘the area of contact
between the granules and the stirrer. Both fne'stirrers are illustrated
in Figures 10 and 11. |
Better turning and mixing-exab]éd Tower inlet eir temperature, and‘
shorter duration for the ﬁredrying stage, and increase in the attrition
forces enab]en less rigorous granulation. fhus, by manipulation of pro-
cessing parameters (Table 20), the usei%f these two separate stirrers
at the predry1ng and granulation stages, seems to indicate a better
control and eff1C{ency of the process. Improvements included an 1ncrease
of the f1ne ( < d«mein granules from 80- 85% to 90-92%, mainly due to a -
decrease in the 1nterﬁ@ﬂﬁate (18-60 mesh) sized granules, decrease in’
d1scard partlcles from up to 3% to about 1%, and decrease in broken cel]se ,

from 3-5% to 2~ 3%
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5.4.5. Semi-continuous Operation of the F-T Process.

In the semi-continuous operation of the F-T process the prime
objective was to process the potatoes such that each step was accomplish-
ed continuously and that the product was progressively removed and
co]]ecfed for the next processing step.

Thus, during the 20 min predrying stage, the fluidized particles
were dried\to a moisture content within the critical range of 40-45%
and pﬁzgressively conveyed to the cyclone collector. Air velocity was
the most critical processing parameter. It has to be adjusted such
that sufficient fluidization of ?ﬁe mash was attained, and, as the
product was being.separated and dried, particles of 40-45% moisture
content were entrained and removed from the fluid bed‘dryer. The air
velocity also determined the termperature of the air that had to be
used. Too high air temperatures resulted in case-hardened balls in
the mash, whereas too iow temperatures a116wed the potato cells to ~~
reabsorb moisture, resulting in a gluey mash. Neither type of mash
cquld beé fluidized. |

Successful predrying was achieved when the mash was slowly stirred
at 20 rpm with fn; iirrer designed for that purpose. .The air tempera-
ture and vel-city were, respectively, 65°C and 110 m/min. The predr}ed
product in trz collector consisted of small agglomerates of a few cells,
and was reédy fc*'qranLlation:‘ I

During granulation, the air velocity was reduced to 52 m/min,-é
level that fluidized and suspendeJ the particles in the lower section of
the fluid bowl. This ensured maximum contact with the granulation

stirrer, which was. being stirred at 360 rpm. As the potato aggﬂ)merates‘r

were being granulated into single potéto cells, they were fully suspended
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in the air stream and conveyed to the cyclone spearator. This has an
added advantage in that the separated cells are ﬁassed over to the next
stage and, therefore, are not subjected to further mechanical forces.
After g%e 10 min granulation period, the product in the collection jar
was essentially individual potato cells. The particles that remained
in the fluid bed were unmashed pieces and aggregates of several cells
too large to be conveyed; and were norally mixed tdgether with the
next batch of potatoes. During continuous processing?‘the amount of
such particles would stabilize ét a certain level, and they may have to
be removed at regular intervald. For six complete runs, theloversize
and, therefore, rejeét material amwnted to 1.5% of the total dried
product. ' »

ﬁuring the final drying step, lasting about 10 min, the velocity
of the air was further reduced to 40 m/min, and its temperature was
increased to 70°C. The stirrer, nogmally not used during drying in the
batch process, was set at a speed of 10 ;pm to slgw]y sweeb thé particles
over the perforateq bed and, tﬁerefore, enhance f]ﬁﬁdization. As the
potato granu]e; were being dried, they became sﬁspended in the air
streaﬁ,-where further dehydration took place to the point that they were
finally carriéd away to the cyclone separator. Uﬁder these conditiops
the moisture content df the ffna] product was within the desired range
of 6-7%,

A sieve analysis of six batches of the dried.product showed that
the yield of fine granu]eé (<60 mesh) was, 90+4%. intermediate size
particles (bétween 60 and 35 mesh) constiguted the remaining 10%, and

could be mixed into the thawed mash to be processed without having any

deleterious effect. The percent broken cells never exceeded 2-3%. The

o
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pf%%essing parameters for the threeystages of the operation are shown
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in Table 21,

The results obtained in this experiment would be valuable in
designjng a continuous F-T pProcessing line. A continuous unit covering
the three major steps of the process may be designed such that three
units of differently modified fluid bed dryers are connected in ser1es
“as shown in Figure 53,

The first unit fs 3 predryer into which the thawed mash is continy-
ously fed through a hopper and screw'mechanism and the product which is
collected in the first cyclone collector. The predried particles are
then fed through a screw conveyor into the granulator, where they are
granulated with a high speed stirrer under Tow air velocity, The
granulated particles are continuously collected and fed into the suitably
designed dryer. Each of these three units is Connected to separate
control mechanisms to individually regulate the Processing parameters,
i.e., air velocity, and temperature, end etirrer Speed.

It would also a;gLar that some energy savings are possible with
these proposed units. For example, the exhaust air from the drying unit
may be recycled, with or without. reheating, to the predryer. The exhaust
from the predryer may be further recycled to the thawing unit, where the
frozen mash is thawed to about. 5-8°C, and the cool exhaust a1r from

this unit can be reused to precool the hot mash pr1or to freezing,
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Table 21, Processing parameters for sem}-continuous operation of the
F-T process.

j
|

Parameter PreJEying Granulation Drying

Time.(min) 18-20 10-12 8-12

Stirrer speed (rpm) 20-30 - 360-400 10-15

Temperature (°C) 60-65 25-30 65-70

Air velocity (m/min)  » 1002110 50-52 - 3540

Moisture content (%) 40-45 - 38-40 5-7

g o /

e

Data average¥f 6 runs using 2.0 kg initial load.
. |
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5.5. PHYSICOCHEMICAL CHANGES DURING AGING OF POTATO GRANULES.
5.5.1. Water Holding Capacity (WHC).

The effect of aging on tﬁé WHC of A-B and F-T granules ?s shown
in Figure 54. The initial WHC of fresh F-T granules, ranging from
354-373% (g water per 100 g.dry matter), rémaineg unchanged until the
20th week of storage, then increased dramatica]lgfto a maximum of 478%
 at 52 weeks. The WHC of fresh A-B granulég increésed quite rapidly
from 348% to 441% within 4 weeks of storage and then gradué]ly to a

maximum of 530% at 49 weeks. In both types of granules a decrease in the

‘wHC'Qas noted during prolonged storage;

"oy

5.5.2. Swelling Power (Cold Water Swell, CHS). -

—

} | Figure 55 shows the CWS of A-B and F-T granules. The CWS for both
types of granules decreased frdm about 37 ml to'a minimum of”dbout 27 ml
(A-B) and 31 ml (F-T) after 40 weeks of storage, then it gradually increased.
Physicochemfca] chahges in granule constituenfs'during the 40 weeks ‘
storage caused the knso1ub]e residue to form a. more dense pellet in the

- centrifuge tubes when CWS was Qg}efmjned. Thé.datavalso i;dicated that

WHC, with an opposite trend of change during storagé, was a measurement

of mainly "free" water not water "bound" molecularly by the granules. :

5.5.3. Degree of Retrogradation. \ L |
Restilts in Table 22 show that starch,‘aﬁmajof.compenénﬁqqf’the

. granuigs, gradually 1o§§iits so1ubj}ity (almeasureMgnt qf fetrogradation)

dqringk30—40 weeks of storage. Tﬁé‘so1ubi1ities of st;igh from A-B and

_F-T granules decreasgs to 52% apd 34%, respectivé1y, of theif origipa]

values. On further étorage a reversé]‘of retzggrada%ion was'observed.

‘ Gelatinized starch is known o retrograde‘(Hodge‘and Osman, 1976).

- Potter (1954), wdfking with model systems .of potato starch gels,

PRI

-
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Table 22. Retrogradation changes in A-B and F-T gfanu]es during storage.

3

: Storége period.

_ ‘ |
Degree of retrogradati

on

AfB granules

F-T granules

. (weeks) _ ,
S - BIV*. relatiye** BIV* relative**
: deg. of ret. . deg. of ret.
. (a) . (b) (a) (b)
0 " 166.7 + 4.6 100.0 68.1 46.1 + 9.2 100.0 Ql.é
. & i
16 161.0 = 472 96.6  69.2 36.8 = 2.4 80.0 92.3
36 86.8 + 4.9 52.1 83.4 15,6 £ 1.1 33.9. 97.0
64 - o 309+ 1.9 67.1 94.1
106 222.7 + 9.9 133.3 57.4 - - -

BIVs for mashed potatoes before proceSsing’were:

1.
2.
3.
4.

*BIV = Blue Iodine Value: Abbrbante‘units at 605 nm per g dry matter.

Mashed potatoes ‘at roam temp. (no surfactant) 522.3

- Mashed potatoed at room temp. (0.25% myvatex
Product 1 after freezing and thawing
Product 2 after freezing and thawing

**Relative degree of retfgradation:

(a).
(b).

Expressed as % of 0 week value
maximum solubility - sample

) 362.3
268.5
107.4

4+ H+ 1+ I+

—
DO = 0
WWwow

solubility "™
£ 1008 ——

Expressed as :
maximum solubility

.522.3 - 166.7

X 100 = 68.1%

e.g., for A-B 0 week granules, T553

T
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reported that mo1sture content p]ays an important role in retrogradat1on
He found no measureab1e change in the solubility of starch at moisture

contents below 15%. The 1nterdependence of starch retrogradat1on and

moisture was also demqnstrated by Hellman- et al. (1954). French (1950,

however, suggested that starch'retrogradatiog'can take place even in

the solid state. When the solubility of starch was used as a measure

of its retrogradation, the results of the present study showed that
starch could retrograde even at the low moisture content of about 7% in

.

potato granules. S ' t

5.5.4. Moisture Content.

Changes in moisture contentsvduring storage of A-B and F-T
granu]es,-packed in mpisture-impeerous po]yethy]ene bags, are shown in
Table 23. The mo1sture content (%) 1ncreased during the 1n1t1a1 33 weeks
of storage from 7.05 and 6.32 to 7.83 and 6 73, respect1ve1y, for the
A-B and F-T granu]es;‘and then decreased, apprqach1ng the or1g1na1 va1ues.
This suggested that physicochemical changes,.such‘as s'tarch retrograda-
tion, caused part of the "bound” water’to be re]eased.\ This released |
"bound" water was detected as an increase inciﬁﬁjhgqsthre content of the
granu]es during 33 weeks of storage. fhe trend of the decrease in granu1e‘-
moisture on further storage appeared tovbe the reverse of that for retro-
gradatfbn At th1s stage the released moisture- m1g“t have been partly
reabsorbed by the molecules of granu]e components perhaps in a manner 4

similar to the refreshening of stalebread by héating. However, the

exact meehanism might di ffer.

5.5.5. Reconstitution Times.

_ For the production of extruded French fries, granules aged -for

'5-6 months had a reconstitution time of 19 sec which was £he most

7 et
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D)
Changes in moisture content of A-B and F-T

granules during stbrage.

Storaée period

moisture congent (%)

(weeks) A—B.grénules CF-T granu1e§

0 7.05 + 0.05 6;32-:’0,04

16 7.64 = 0,05  6.55 + 0.03

"33 7.83:0.03  6.73 + 0.03

77 - " 5.57 + 0.01
103 7.6+ 0.05 SR
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sa§1sfactory co]d-watersabsorptlon rate as measured by ‘the present method

1 r

The reconst1tutﬁon t1mes of A-B and F-T oranu]es, shown 1n :
F1gure 56, 1ncreased with aging to a max1mum of about 36 w;eks, then
decreased £ granu]es aged for about 6 months had 2 reconstitut1on
:t1me o§f18 19 sec, and formed a dough of sat1sfactpry handling and
:extrus1on propert1es However, such granu1es, espec1a11y the A B type,
‘presented a ranc1d1ty problem Changes 1n reconst1tut1on tlmes appeared

» ®
. to follow the trend of starch retrogradat1on : Retrograded starch 1oses

-

its swe111ng power and water absorpt1on capac1ty, caus1ng the reconst1—,

tut1on t1me of the granules to 1ncrease

!5.5.6. 5Extrudér Thrust. i |
- Figures 57 and 58 show that the force'required to extrude A-B and

F-T French fry dough through the F.I.R.A. /N I.R.D, extruder increased’

rap1d1y from 0.75 kg to 1.15 kg, and from 1.25 kg to 2. 45 kg, respect1ve1y,

. after 16 weeks of storage After the maximum was atta1ned the force |

i.requ1red dropped sharp]y to about O J kg after 25(/eeks for A-B qranu]es

and ‘36 weeks for F-T granu]es Furtherjstorage of the granu]es_had 1]tt1e

_effect on the extruder- thrust | |

’ The extruder thrust reflects f1rmness and p]ast1c1t¥ of dough

1Ifithe dough 1s>dry .or floury, as . were doughs made from granules 1ess

;than 20 weeks old the .force required is high. and the extruded product

tend to break eas11y:and to have ragged edges Doughs made from granules

more than 20 weeks ol1d had a s11ght1y mo1st appearance and. requ1red

1ess force for extrusion into a firm but smooth, cont1nuous string than

the doughs madé‘iﬁggzéresh granules o i; S W
: , . T o e "53..'

" The changes in phys1cochem1ca1 propert1es of potato granu]es

appeared to be c]ose]y 1nterre1ated ~ Results from thls study rndlcated

. N .
Y ‘ = ) ‘ o ‘L\
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lthat among the properties'studied 'retrogradation of~starch during
storage was theﬂgrlmary change that affected other properties of the
'granules Fé} examp]e molecular alignment of starch dur1ng retrograda-
" tion might have caused the release of part of its "bound" water. This
release was detected as a slight 1ncrease in mo1sture content of the
'granules ‘during storage. The retrograded starch lost ]tS so]ub111ty,
resulting in a decrease in the CWS of the granules. The a]ignment of
the starch molecules might a]so have created m1nute vo1ds in the sol1d "
matrix wh1ch would trap a quant1ty of water on reconst1tut1on,'contr1-
23t1ng to'the increase‘in WHC. The 1oss of so]dbi]ity and CWS of starch,
therefore, caused the. increase in reconst1tut1on time, a11ow1ng the
granu]es to absorb co1d water un1form1y - The increase in HHC and uni form
constitution of the granules, in turn, resulted in a reduction.in the
force needed to extrude the'dough. ,
The change in the degree of-retrogradation‘ itself, is ot prime
interest. Potato starch cons1sts of 17-21% amylose (Chung, 1979) part-
of which may, during process1ng, 1each out to the cw or even out of the
cell through pr1mary wall p1ts Reeve, 1954a) Hence the major fract1on
of starch rema1n1ng inside the granules is amylopectin. »Retrogradation
is a phenomenon assocjated‘main1y ith amylose, where.1fnear chains
align themselves to torm crystalloid regions (Hodge and Osman, 1976)
These regions become hydrophobic as "bound“ water is rep]aced by inter-
mo]ecu]ar bonds of carbon-bound hydroxy1 groups It is possible that.
amylose, leached out to the surface of the granu]es dur1ng process1ng,
formed crystalloid regions on. the CWs -during storage thus 1nh1b1t1ng
easy passage of water into the granu1es dur1ng reconst1tut1on, and

contributing to the increase in reconstitution time.

L’
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Amylopectin may also be involved in retrogradation if its branched
cha1ns become suff1c1ent1y entang]ed to form a gel network. However,
bond1ng among the branches of these molecules is much 1ess extensive

.~ than those of amy1ose For that reason the retrogradat1on af amy]opect1n

¢
‘was found to ‘be revers1b]e by mechanisms su e

y heating, as in the

ﬁ‘refreshen1ng of stale bread (French‘\1950”i” ”%?-an et a1 1954) This
may partially account for the reverse trenddo' retrogradat1on of granu]es
(as measured by starch so]ubi]ity) on prolonged storage. Retrogradat?on.

_of amy]ose, on the other hand, is 1rrevers1b1e (Hodge and QOsman, 1976)

e . Another po1nt of 1nteresiias\the affect Of-anions_on the swe]]ing

ggwer_of starch.gel. Salt grygqtals whiCh'were observed on the- surface .

r .
4see section 5.1. ) could be KCl (Eedec et al., 1977),

of fresh granuTes
as K is a maJor m1nera1 in potato ‘ash, These sa]t crystals d1sappeared
on pro1onged storage of granuTes (Figure 59).. Haydar et al. *(1979)
found that k* favours-an 1ncrease.:n v1scos1ty and swe111ng power of
potato staroﬁ gel. Poss1b1y the salt absorbed the mo1sture released
from the starch matrix on retrogradat1on, and d1sso1ved and diffused
into the granules. K" wou]d then, b1nd w1th orthophosphate groups
wh1ch were found;es_gr1f1ed to hydroxy] groups of amylopectin (Hodge-
and Osman, 1976). The b1nd1ng of X on amxlopect1n resulted in an

N LA

increase in swelling power and -an appa nt reduction of mo1sture content'
_ _ . :

,
' ot

of the granu]es on pro]onged storage Vé
It is, therefore, qu1te c]ear thatl to achlevé ant. 1ncrease 1n the
reconstitution time of potato granules, modlficafion of phys1cochem1ca1
' properties of their starch fraction is o utmost-importanfe“\uThis may
_ be accomplished either by aglng, which is undesirable due to flavour
problems or by add1t10n of starch mod]fyfng agents, such as: Ca2+, during

processing (Haydar et al., 1979). “ X .
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5.6. AN IMPROVED PROCESS FORIKTRUDED FRENCH FRY PRODUCTION
5.5.1. 0pt1mum Granule to Water Ratio.

This study 1nd1cated that the. dry mix-to-water ratio of 1 12 (w/v)

recommended by some manufacturers was 1nadequate The dough formed

. was too dry, crumb]y, and d1fficu1t to extrude, resu1t1ng in ragged

fr1es w1th unac eptab]e eat1ng qua11ty because of poor texture and 0111-
ness. “A. s1m11ar prob]em was encountered by Jer1cev1c and LeMaguer (1975);
who recommended that the ex1st1ng ratlo of 1:2. for mak1ng French fry
dough should be corrected ' Jadhav et al. (1976) found that a ratio'of'*
1:2.6 was super1or for reconst1tut1on and extrus1on of extruded fries .
made from F-T granu]es '

: Pre11m1nary tra11s 1nd1cated that the rat1o of 1 :2. 6 of granu1e to ~
water was too hlgh ‘The extruded str1ps Tacked strength tended to
stick to each other and to the fry basket, and 1n 1arge sca]e product1on
cou1d not w1thstand hand11ng between extrusion and frying. The present
study indicated that a rat1o of 1:2. 3 was more su1tab1e as 1t gave a

dough that was uniform," cohes1ve, and could. easily be extruded 1nto
Q

. appea11ng str1ps > The formed p1eces cou]d be hand]ed better, and drd

not stick to each other or d1s1ntegrate dur1ng frying.

‘ 5.6.2. Dough Preparat1on w1th the Automash Machine.

Presently, the dough for extruded fries 1s prepared commerc1a11y iff,
by poux1ng 2 6 1b can of the mix into a narrow cy11nder conta1n1ng a
volume ofgwater tw1ce the we1ght of the m1x and stlrrIng br1sk1y w1th
a wire wfsk Under such conditions, the granu]es f1rst contact1ng the
water are converted to a thickened mass, thereby prevent1ng an even
d1str1but1on of mo1sture The " resu1t1ng dry and wet spots 1n the dough

prevent 1% from being extruded properly.
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the dnydﬁix into a uniform dough The apparatus has a mechan1sm for

S o : N 190
~ An automatic dispensing apparatus was used for reco tituting"

. -

! 1

s1mu1taneous]y meter1ng prec1se amounts of dry mix and cp]d water nto

. a m1x1ng chamber w1th Ihorough b1end1ng to form a homogeneous s]urry '

that f]ows by grav1ty into the extrus1on cy11nder The s1urry, after.

a short per1od of stand1ng, sets to form a un1form dough, effect1ve1y

'e71m1nat1ng the prob]em of wét and dry spots

- 5.6.3. Taste-pane] Evaluations.

In preliminary sensory evaluation of extruded French fries,
thejr‘characteristics~Were'compared to those of par-fries. A factorial
ana]ysis ofﬂrariance of. the resu]ts from the first three sessions in-

series I- showed that the d1fference among Judges was’ h1gh1y s1gn1f1cant

‘”J;These resu]ts may 1mp1y-not on]y that samp1es d1ffer from one another

4in the1r character1st1cs, but that the Judges a]so differ- great]y in

thEIP persona] percept1on of French fry qua11ty Discussion with the

panellsts at the end of four sessions conf1rmed the above 1nterpretat1ons

and brought out two major po1nts
-(1) Extruded products FT I 2 and AB I 2, a]though more o11y than

products FT. 11 and AB I 1, wére more qrunchy and appea11ng to fouruof the

elght panelists, who scored these products h1gher as did the other

four pane11sts However the]atter conswdered 0111ness a more 1mportant

1'products FT 12 and AB 12. Thus, for both the F-T and A B granule )

based formu]ae, although there was no. stat1st1ca1 d1fference between the

'more o11y and 1ess o11y products, the A-B fries were rated 1ower due to

the1r higher 011 absorpt1on

e

: factor and, hence, gave a 1ower score for the overall: acceptance of = g{z/,
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(i1) . Four panelists regarded the texture and flavour of the out-
side skin very desirable and more important than the inner core. They also
considered a relatively soft core desirable, since it literally melts and
"mixes with the crunchy skin, producing a pleasant sensatiqp_diffenggz—

—
from the mouthfeel of conventional fries. The other four panelists = \\3

|

cqnsidered the inner core of the extruded products too soft.

It appeared that the inner core of extruded fries needed to be
somewhat more firm. Also, extruded French fries possessed unique
characteristics of their own and should not be compared to ordinary
Freﬁch fries. The first three sessions, therefore, served an.important
purpose in familiarizing panelists with the range of sensory gualities
tq be judged.

This acquired fami]iafi?y was clearly shown in the fourth/iéssion
when there wa;-no §ignificant difference among the judges. The intér—
actﬁon between sgagies and judges was significant (p=0.05), vhile that
5betWeen samples was higﬂ]yusignificant (p=0.01). This was taken as’an B

.indication tHag the'jUdQes had acquired sufficient khow]edge during the
.first three "fraining“ sessions to competently assess the seﬁsory
quality of eﬁ;ruded French fries.

The agp]ication of Duncan's Test to the data from the fourth
session (Téb]e 24) showed that, at the 5%‘1eve1 of signifiéﬁhce, the
extruded prodUcts were éimf]ar in their acceptancg and that as a group
their a;ceptance (mean score: 6.1 for A-B products, 6.5 for F-T proéucts)

AS

was lower than that of the par-fried potatoes (mean score: 7.4). There

was no signifi%ans'difference in the scores for colour, appearance and
P

outside skin of the five products. However, the scores for the inner

core of par-fries were significantly better than thgse of extruded fries.

|

—r
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This was to be expected, as recombined products wéfe‘beiné compared
with fries made from intact potatoes. Hdwever,_the F-T pr;du;ts
obtained significantly (p-0.05) better score; fdr the inhner core (6.2)
than the A-B products (5.5). Formula FT I 1 was selected .for further
development, since it had the highest acceptance amongst the eitruded
fries and had the lowest 0il uptake (Table 24).

As a result of information ohtained in the first series of 'evalua-
tions, further efforts were concentrated m improving the outside skin
and inner core of the extruded fries using formula FT I 1 as the base.
Since the product beinQ developed was different from éonventiona] French
fries-and was not intended to replace the latter, comparison between
extruded French fries and par-frigs was irrelevant. Hence, furthér
comparisons vere magz with the “Chipber" mix, since it was the only
available product similar to theSf-T mixes. To improve the firmness of
the inner core, the levels of the two starch components, Texglid and
Crisp film, were increased in formula FT II 2 and then comparéd to
formula FT I 1‘(Tab]e 2).

Duncan's Test (Table 25) res;1ts;of thé products evaluated in
Series Il were similar to those for the extruded products in Series I.
However, products fromvthe formulae under test wefe judged better thanv
the "Chipper" product with respect to(inner core and Qvera11 accepténce.

Two important observations were made. When comparing the evaluations

of the base formula in the first series with the second series, the:

‘mean scores for the inner core and acceptance increased respectively

from 6.4 to 6.8 and from 6.5 to 7.0, respectively (Tables 24 and 25) .
This may imply that,the Tower scores for extruded products in the first

series of evaluations were due to biases of the panelists', who may

193
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Table 25. Dungan's-fést of panelists' scores, and yield, moisture and o0il
contents of the products evaluated in series I1.
M

Mean scores of the products

Attribyte/composition

| - FT 111 FT I1 2 "Chipper"
Colour and appearance ,9;9_;____________§;§_______,______9;9
Outside Skin . T2 13 6.9 f
Inner core 68 66 - - .0 \
Overal] acceptance | 1.0 1.0 . 6.3
Yield* 2.6 0.1 . 2.6+ 0.1 2.5+ 0.1
Moisture (%) 52.8 + 0.3 53.6 + 0.5 41.4 £ 0.2
0i1 (%) | 11.5 + 0.7, 10.3 + 0.6 21.9 £ 0.5
M

*Weight OF fries from unit weight of the dry mix.
In a DyMCan's Test a Tine typed under any sequence of means indicates

that th€re is no significant difference at the given percent Tevel (5%). -
/’>4 .
—
‘0‘_! -l



have had preconcieved expectations of the quality attributes of French

195

fried products. Without the par-fries, the biases of the pane{ists'
was minimized and the scores were more representative of‘pronCt I
qda]ity. The' biases of the judges were also obserued,durfng.the first
series of evaluations where par-fries, having une;en colour and size
in comparison to .the uniform colour and size of the extrlUded pr;dUCts,
were scored higher. ,The’above information justifies the view that
extruded fries possess their own sensory characteristics and shou1d be
considered as a distinct’ product rather than as a subst1tute for® con-
vent1ona1 fries.

Secondly, the 1nner core and acceptance scores for both F-T products
eva]uated in Ser1es Il were essentially the same, 1nd1cat1ng that higher
levels of Textaid and Crisp film did not further improve the firmness of
the product, although oil uptake was reddced from(Z?.S% to 10.3%, and
moisture retention was 1ncreased from 52.8% to 53.6% 0 A h1gher amount of

starch component would retain more mo1sture in the fries, reduc1ng oil

uptake by a correspond1ng value, A1though no sta;istica] difference

was shown, in the author's opinion, product FT II 2 had an ipner core

(resembling a‘thick and gummy starch gelg %picﬁhformed a ball in the
mouth and was difficult to swallow. Thi;\was considered‘to'be.detrimental
to product quality. Moreover, higher levels of the additives: would
increase the cost of the French fry mix.

Correlations of the three attributes considered in evaluating the
acceptance of extruded products (co]our and appearance; texture and
flavour of outside skin; texture Eﬁd‘flavour of inner core), showed high

relationships with acceptability of the products. The correlation co-

~efficients between accéptance, and colour and appearance, outside skin, - _*/1:7

' L
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and inner core were 0.35, 0 61 and 0. 83 respectively, a11 being s1gn1f1cant
at the 1% probability 1eve1 Mu1t1p1e regression analysis 1nd1cated»that o
scores for these three attributes accounted %or 82% of their re]ationshfpr
with the overall acceptance of the products. The inner core -appeared to
be the most important factor, contr1but1ng about 60% of the correlat1on
while, the out51de skin contr1buted about 30%, and the remaining 10% was
ascribed to the colour and appearance. . | 3
_ﬂhfthe author's opinion, productrFT IT 2 had a'”starchy" and "gummy"
mouth feel and;»eveh.after a‘period of chewihg; the inner core_did‘not
b]end‘withvthe outside skin., On the other hand, the core and the skin
of product FT II'] quickly blended together on chewing, producing a
unique and p]easant sensat1on, a des1rab]e character1st1c for extruded
fries. Based on. the above and the fact that higher Tevels of starch
binders did not 1mprove the acceptance’ of the product formu]a FT I
was chosen to be the most 8roM1s1ng for further deve]opment. Using it as
the base, Supro 630, a soya protein isolate, was added at a 1eve1 of 5%
(Table .3). The base and fortified products were then compared.
A paired T-test and a Duncan's Test of the pane]ists' scores
showed that there uas'no significant difference between the products
(Table 26). Hence, fortification with Supro 630 did not change the
organoleptic properties of the prodUct, out did, though at an increased
cost, augment the protein content and, bthus may make extruded French
frles more appeallng to the consumer, Furthenmore, add1t1on of Supro
630 1ncreased the mo1sture retent1on from 52.8% to 54.7% and reduced

0il content from 11.5% to 9.8% (Tab]e 27). These two factors represent

a considerable saying and, thus, may offset the cost. of fortification.

i 2T



Table 26. Duncan's Test and T-test of panelists' scores

of products'edaluate? in Series III.

‘l

5 " Duhcén Test ~ Paired
mean\scores : - T-test
“ FT1 . FT 2 DF: t
Colour and appearance §:9_____Z;§. 7 0.79
outside skin . . 1.7 1.6 7 o
Inner core 7.0 6.8 7 0.36
Overall acceptance 7.3 7.1 7 - 0.27

In a Duncan's test a line typed under any sequence of
means indicates that there is no significant difference
at the given percent Tevel (5%). o

S

In a T-test t values smaller than theoretical value
indicates that there is no significant difference.at the
given percent level (t0 05 = 3.5 t '

0.01 = 3-0)-

W\ \
cfj

. ‘ - }
' .
4 N .

o . : S
L .

’ A . . .
Table 27. 'Y%@}d;‘moisture and oil content of

prddhcté‘eVafuated in series III.

BAS
v .

S

L FT1 o FT 2
. - 1ortified ) Non-fortified
Yield* o 2.7 2.6
Moisture (%)  54.7 + 0.1 - 52,8+ 0.3,
0i1 (%) - 9.8'% 0.3~ 1.5 % 0.7

*Weight of fries, from unit weight of the dry mix.
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5.6.4. Additives. . ’ |
The product developed by Jadhav et al. {1976) could not be

success fully made during the oresent investigation. When made on a
=1arge sta]e the dough was not cohesive enough. The formed pieces of
the dough lacked strength and, ‘5hus, cou]d not withstand handling
similar to that likely to exist in a fast-food outlet. The extruded
strips tended to stick to the frytneket and to each other, and disinte-
grated during frying. The core of the fries was oily, and soft and
gummy in texture, “and the sktn was tough and 1eathery.

\ fhe problems of disintegration during frying, oiliness, soggy
sk1n, and soft and gummy inner core of the extruded product were m1n1m1zed
through proper formu]at1on, suggesting that the compos1t1on and properties
of additives used in the mix are very'crttical for the production of
good qua]ity extruded French fries. Severa1 formulae were developed to
'produce extruded French fries w1th 1mproved texture and eating quality,
and freedom from excessive oiliness (Tab]es 1 and 2). The most successful
formulation‘was.the‘one in which a soya protein isolate was added at a
level of 5% to F-T granules (Table 3).

The use of these additivee‘offered several advantages in the

-processing of fries. Because a linear polymer has a better film and
f%bre strength than a branchedApolymer, the use of high amylose starches
of the‘Crisp film type have been recommended in both supported coatings
and unsupported films of certain foods {Hullinger et al., 1973). Cremer
’:ﬂ (1978) found that amylose starch, 1f it is to be an effective French
fry blnder, should conta1n at 1east 35% amy1ose The amylose component,

‘when heated with water in the dough during frylng gelatinizes and retro-

';grades to form a f11m (G11cksman 1969, Ziemba, 1965). The ftlm retards
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undue oil penetration and impérts a crisp and crunchy coating with a
golden-brown colour to the fried prqﬁuct (Cremer, 1978).“ In addition,
the amylose component adds strength to the product dUring and after
frying, mjnimizing disintegration. -

The amylose starcﬁ éompoﬁentias te.be complemented by other starch
additives ("synergism") in orderfto maximize its benefits in extruded
French fries (Hullinger et al., 1§73; Cremer, 1978). Textaid, a cold-
water dispersible, cross-linked pregetatinized corn starch, was found
to be particu]arTyvusefu1 in deVe]oping a solid texture and in imparting
mechanical strength to the formed pieces so that they could be handled
vwith less breakage between formation and fryihg. § 

OK Ceri Gel and OK Pre Jel are simp]e‘prege1atinized starches and,
hence, have the ability to paste, thicken and gelatinize in cold liquids
withoqt the need for subsequent heating.(G1i%ksman, 1969). These additives
were used to modify the texture‘df fhe product and to improve exfrusion
propérties. Prege1atinized starches also impr;ve stability of dry-mixes

by preferentially absorbing moisture. e

Baka Snak, the fourth complementary additive used‘in the mix, .is
a cold-water dispersible starch der%vative which‘fegu1ates hydratioq of
dry mixes and functions as a temporary binder. Being abTe.to paste
}eadi1y at room temperature, Baka Snak helped to reduce the hydration
rate of granules and thﬁs'minimize dry and wet spots in the dough. As
a binde;, ft served to hold the product together during éxtrusioﬁ and
initial frying. The binding and étrengthening function was taken over
by the amylose starch component when it had suffitjent]y hydrated,
gelatinized and retrograded. In the absence of these cold-water

dispersible starch derivatives,. the fries tended to disintegrate and
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explode before the amylose starch component was able to form a film
and to function as described earlier. )

'A' Clintose, a fonn of dextrose, was added to 1mpr0ve flavour
and especially, to modify the browning of the fries. The amount of
dextrose used can be varied to take account of the reduciné sugar
content of the potato granules and the colour desired. ’

Gelcarin M-100 and SeaCor SLC-2 which are saaweed gums , were
equa]]y effective binders that were the most suitable with F-T granu]es
Seaweed gums of the alginate type are extremely hydrophy11c in nature
and, hence, have a high water binding capacity, and are good binders
(G]icksman 1569-‘McNée1y 1959) . The seaweed gum serVed to absorb and
tie up free water in the dough, thus prevent1nq separation and migration
' of free water while frying and a11ow1ng the product to retain moisture
Tonger. However, guar gum, 4 ga]actomannan, appeared to be more
compatible and effective than seaweed gums with the A-B granules. This
could be due to the comparatively fapid h}dration rate, and higher water
binding and thickening propertiés of guar gum (Glicksman 1969). With
e1tber of the seaweed gums the A-B dough was not sufficiently cohesive,
and had a crumb]y texture, o |

Sodium Carboxymethy]cel]u]ose (Ma-cMC) and<Hydroxypropy]methyce]1ulose
’(Methoce1) are ce]]u]ose based binders (Batdorf 1959: Greminger et a1
1959) which have the ability to form oil res1stant thermal films at
relatively high temperatures (G1icksman 1959; Andres, 1976), The films |
"are less prone to rupture due to migration of water during frying (Jadhav .
et al. 1976), and they reduce oil absorption (Scheffer and Klis 1965;
Glicksman.}§59; Jadhav et al. 1976). These additives served to minimize

0il absorption, retain moisture and give a crunchy coating to the French
q . ) - . 7’



fries. Fries that contained Na-CMC alone tended to have rounded édges
and -a curled shape, and haﬂ\bjgh 0i1 ubtake. The product containing
‘Methoce1 alone had a tough and leathery skin. A combination of both

additives gave a product of acceptable oil content and good -texture,.
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SUMMARY AND CONCLUSIONS

-

6.1. SEM STUDIES OF POTATO GRANULE PROCESSES. . . .

The A-B and F-T processes differed essent1a11y in the1r method of
grano]at1on Different treatments of the potatoes were requ1red in
each process‘tO'br1r about effective cell separation and,'ﬁence,
granulation. SEM was effective]y used to study differept'u]trastruttural'
changes in potato cells through various‘steps of the processes. Potato
cells appeared to be more prone to damage in the masb-m1x1ng step of the
A-B process than in the granulation step of the F—T process -

GranuTat1on in the A-B process was. accomp11shed dur1ng mash—m1s1ng
by the recycled dry granules being pressed and embedded into newly
cooked tissue, thereby separating the eeTls'- Since the so]ub1]1zat1on
of cell binding material was reduced due to the precook treatment, cel]
separation might not be complete, leaving some unbroken Tumps which
would be discarded.- Also, starch_re]eased-When some'of the cells were
torn apart might_cause the formation of aggregates, or might remain in
the final product and cause- g]ueyness on reconst1tut1on

In the F-T process, mashing separated the potato cells in ‘the
cooked tissue w1thout mugch damage ' Free21ng and thaw1ng of the potato.
mash increased the por051ty of the, CWs and caused . part1a1 separatlon
of water from individual cells, thus resu1t1ng 1n rap1d dehydrat10n in
the predrying step. Granulat1on of the predried cell aggregates was
accomplished by the app11cat1on of r1gorous shear and compress1on to
further separate 1nd1v1dua1 ee]]s from the aggregates with little cell
~ damage. o :’ | ‘
fhe resultant'A;Bagranules-Were largely round and more compact,

with’ relatively smooth surfaces, while the F-T granules were mostiy'

- v 202
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angu]ar with considerable‘shrinkage, and thelr surface was covered : .
w1th m1nute holes or craters which would a]]ow faster rehydration, .The
A-B, over-slze part1c1es appeared to consist of either unbroken tissue or |
agglomerates formed during mash-mixing, and amounted to as much as 5%’ 7
or more of the total product. The discarded portion from the F-T process
was generally much 1ess, amounting to about 1% of the totat output,,and
consisted mainly of unmashed t1ssue, or, if predrying‘was not properly
controlled, some small agglomerates . o
6.2. EFFECT OF THE PRECOOK TREATMENT IN THE F«T'PROEESS

Steam cooked potatoes rece1v1ng a 20 min’ precook treatment at
70+1°C. were flrmer than those cooked without the pretreatment? The pre-
" treated cooked potatoes tended to rema1n intact, requ1r1ng greater -
mechan1ca1 force for subd1v1s1on 1nto smaller aggregates dur1ng the,
short but v1gorous mash1ng requ1red in the F-T process "Mashing
caused excess1ve cell damage, resulting in a gluey ‘mash that could not
be successfully processed into- granu]es by the F-T process,

Precooked and cooked potatoes showed 1ess so]ub11lzatlon of pectic -
substances (673 2+32 5 mg uronxde/lOO g dry matter) than did potatoes
cooked. w1thout the precook treatment (1106+106 6 mg/]OO g dry matter)
Steam -cooking along appeared to solub111ze a]] pectic substances, while
one third of the pectin rema1ned 1nso]ub11ewwhen precook treatment preceded he
steam~cook1ng This suggested that the precook treatment rendered the |
pectic ‘substances more resTstant’tO‘mrther therma] degradat1on, ‘thus
' decreaslng the Toss of intercelliylar cohe51on and the raréfaction of
CW brought,about by subsequent co klng Hence precooked and cooked

- potato tissue: was flrmer

an that wh1ch did not receive the pretreatment,

E]ectron photomlcrogra showed(that precook1ng gelatinized-the,
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starch, which 1oose1y f11ed the cells, wh11e most of the CWs rema1ned
bound to one another. Slnce the blndlng force, among the ce11s remained
strong even after steam—cook1ng, ce]]cseparatlon was poor in the sub~
‘'sequent . steps of the F T process This Tleads to the conc]usjbn-that,
although- precooklng-1s of paramount importance‘to the‘success of the
A-B process, it is detr1menta1 t6 the eff1c1ency of the F- T proeess |
‘6.3. MODEL STUDIES ON HE ROLE OF PME, CATIONS AND STARGH IN THE

- FIRMING EFFECT OF THE PRE-COOK TREATMENT OF POTATO TISSUE.

_Pectln (as anhydroga]acturon1c acid) amounted to 16% of the pur1f1ed
CW/ML preparatlons, and 55% of the pect1n was ester1f1ed The free
carboxy] group content was 370 pM/g CN/ML dry matter PME in CW/ML pre-»
paratlons accounted fqr 24% of the total tuber act1v1ty, show1ng an
act1v1ty optlmum at 60°C and pH 7 O

Durlng precooklng at 65°C fo11qwed by coo11ng and flna] cooklng,
pectin so]ub1112at1on was greater in the presence ‘than in the absence of '
PME whether Ca2_ was present or not, )Th1s suggested that PME activity

L= N
may enhance. pectin solub1112at1on

o
[

Added Ca2 suppressed the so1ub1llzat1on of pect1c substances in the

CN/ML The hlghest suppre551on was observed when Ca2 equ1va1ents corres-
2+

ponded sto1ch1ometr1ca11y to pectln free carboxy1 groups Un11ke ‘Ca o

' M 2+ d d not affect pect1n so]ub11lzat1on During precook1ng at 70° C
starch ge]at1n12atlon occurred along w1th re1ease of Ca2+; which then
formed Ca-brldges w1th free carbbxy1 groups on ga]acturonan C0011ng
stab11lzed the Ca br1dges being formed and rendered the CW/ML pect1c sub-
stances more resxstant to ?urther therma1 degradatlon durlng f1na1 cook1ng.

" Cooked potato t1ssue precooked at 70 or 75°C.in the presence of

added Ca s was 51gn1f1cant1y flrmer (penetrometer read1ng of 751+47g-
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force) than that precooked at 65°C (435#26g~force). The results showed
that PME has a limited, and possibly negative, role in the ffrming of
potato tissue. Formaimum firmness;'precook%ng should be done at a
temperature sufficiently high to deactfvate FME and gelatinize starch.
A maximum quantit& of Ca2+ from starch would then be available for
pectin stabilization. ‘f%

6.4. FURTHER DEVELOPMENT OF~féE F-T PROCESS.

The batch F-T process was successfully modified to a semi-continuous
one by-connecting g cyclone collection system bétween the predrying,
granulation and dry}ng steps, and by varying air temperature and
velocity, and stirrer speed. The information obtained in this experiment
will be valuable in designing a continuous F-T processing line.

6.5. PHYSICOCHEMICAL CHANGES DIRING AGiNG OF POTATO GRANULES.

Retrogradation of the starch in potato granules appeared to be
the major physicochemical change during aging, giving rise to changes
in other properties of potato granules. Upon prc1onged storage, reversal
of retrogradation and associated phenomena was observed.

Dissolution and subsequent reabsorption of salt crystals, found
‘on surface of granules, might be involved in the reversal of retro-
gradation. These changes indicated that internal molecular rearrange-
ment of starch influenced the rehydration properties of the granules
and extrusion characteristics of the dough pfepared for extruded French
friesc -
6}6J,AN IMPROVED PROCESS FOR EXTRUDED FRENCH FRY PRODUCTION.

wFréﬁch’fry mixvconsistihg of 100 parts F-T granules, 5 parts
Supro °630, 5 pafts blndérj(a.comcinatfonqcf'ﬁechbce1; ﬁa;CMC, Textaid, -

" Baka énak, C;isp-film,‘OK Ceri Gel, OK Pre Jel, and SeaCor), and 0.5
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part each of dextrose and tetra sodium pyrophosphate, was found to be

the most acceptable formula with respect to texture and taste of the

extruded product. Automatic reconstitution, where the French fry mix

and water were brought together in a small, continuous stream at a

ratio of 1:2.3, was found to be most satisfactory for producing a

uniform dough that lended itself well to. extrusion and frying.

L e e

" ﬁ g -'a BYTRNe 7 R TPE RPN



RECOMMENDATIONS FOR FURTHER WORK

The presenf investigafion shed 1ight on some properties of potato
granules and the techniques for their production. It also highlighted
a few areas in which additional, work is required. The follawing are,
therefore, recomménded for further study:

1. It is believed that the freeze-thaw technique has commercial
potentiai. However, an extensive pilot-plant scale study is ;ecessary
both to develop suitable equipment, and determine the economic feasibility
of the process.

2. Calcium was shown to play an important role in tissue firming
ai?potatoes.during-precooking. However, the role of starch mu;t also
be thoroughly investigated. -It is possible, for examp1e,‘§$at starch
retrogrades during precooking and cooling,. thus cdntr{bﬁting té tissue
firmness.

3. The present study indicated that PME activity may enhancg 7
pectin solubility. The exact nature of the enzyme énd mechanisms Qf
its actions should be studiéd in greater Aetaii in order to furthe;~
pn@erstand thg‘changes occurring in-potatoes during precooking and

j¢oo1ihg. | | |

| 4. The role of calciumfin-pectin so1ubi1izatibn_and‘starch
7'swe1]ing has been investigated in this study and elsewhere. Further
work on starch swelling, as‘affected by calcium in relation to thg

texture of cooked potatoes, may clarify the "swelling pressure" theory

‘put forward by Reeve and co-workers (Reevg1‘1954a,b,c; Pottgrnetlay
1959). | |

§u A‘pilot sCa]g study and consumer tegting of‘tﬁeiextruded rench
 frie§.deve1oped in this study ae desirab]é to determine 1its commefcfé+\ .

potential. '
o 207
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APPENDIX

Ce]cu]ation of percent anhydrogalacturonic acid {% AGA) and degree

of esterification (DE value) in pectins by the Cu2+ 1oh§exchange teéhhique.

T

i _ l C00.H
I
K

— - C00.H.
F.W. = 190 r—lL— F.M. = 176 S Y

h1l Eac’h’Cu2+ combines with two carboxylic groups,

Ty

AL 1M (63,5 ug) CuZ* combines with 2 wM COO™.

2. Ifa ug cu* combines with X uM of C00™ before saponification,
b oy o 2a : - '
then, - X = 3.5 uM c00~

eTherefdhe; X = uM‘of:acidic units in the galacturonan chain. -

3. If byg Cuzf combines with Y- M of COO after saponiffcation

then; Y = E%%g' WM C00™

Therefore, Y = uM of tota] ga]acturon1c units in the ga]acturonan chafn.

. Total - Acidic
4. DE = Total
Y - X
Y

x 100%

Therefore, DE “x 100%

5. Weight of acidic units in the chain = 176X ug and

'S

Weight of esterified units = 190(Y - X) g

218
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Therefore, total weight of galacturonic units in the whole chain is
176X + 190(Y - X) ug and pectin ratio (as anhydrogalacturonic acid is

176X + 190(Y - X) yq
" weight of sample in ug

6. % Pectin, as AGA = 176X + ]SO(Y - X) “x 100

where Lg Cu2+ bound beforecsaponification

=]
it

b = ug Cu2+ bound after saponification

- a
X= 3773

_ b
V= 3775
A = weight of sample in ug
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AAS
A-B
. AGA
BIV
"Calgon"
| Ca~-starch
CMC
CRV

CW(s)

E.U.('s)
F-T
H-CN/ML
H-starch
M.C.%

Methocel

I B

ML
Pipes
PME

PME unit (E.U.)

SEM
Tris
@.b.

'WHC

LIST OF ABBREYIATIONS

Atomic absorption spectrometry,

Add-Back :
AnhyangAAacturon1c acid.
Blue Iodine Value,

Sodium hexametaphosphate.
Calcium-starch.
Carboxymethy]ce11u]qse.
Carbazole Reaction Value.
Celll wall(s).

Cell wall and middle lamella.
Dry matter.

Dry matter basis.

Enzyme unit(s).

Freeze-Thaw

Hydrogen (cation free) cell wall and middle lamella.

Hydrogen (cation free) starch.

Percent moisture content.

HydroxyTpropyl methy]ce]]u]ose.

middle Tamella.

~ Piperazine-N, N'-bis [Z;ethane sulphonic acid]
Pectin methylesterase, E.C. 3.1.1.11.

T.uM €00 released. per min at pH 7.5 at 30°G..
Scanning e1ectrdn miéroscope (microscopy).

Tris (Hydroxymethyl) Aminomethane (THAM).

Wet basié.

Water holding capacity.
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