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T o i o e s e e

. A d1rect technlque forbproductlon of potato
granules, using a f. ee21ng and thawlng step as an integral
part of the process: was prcpcsed Investlgatlon of the

~ changes taklng place 1n the potatoes durlng proce551ng |
,shoued that: cooklng renderc pectlc substances more soluble,vU
free21ng and thaulng,'and 1ncrea51ng temperature both reduce
-pthe amounts of released starch and vater-soluble pectic
substances avallable for bipnding the cells together, and
hence enable the cooked»potatoes to be.nashed ulth a very
low amount of ¢amace to the cells; and that both
\surfactantstand freezing and thawing are essentral for‘the
.éuccess of the process. The proposed process has fewer

. Stages than the currently used‘commercial processes.

'Further, these stud1es lndlcate that a comparable or better
\

product is obtalned more ea51ly vith the freeze thau process-

than with other Frccesses for potato granule pIOdUCtlon.

.Equipment andvproéessing conditions.elployed in
pre~dryrngq)granulatlon, and drylng uere studled.
Hodrf1cat10n of a fluldlzed bed dryer to be used for pre-
‘ drylng and grannlat;on is descrlbed ‘The telperatures and

fvelocities’of the air, and the speeds of the- stlrrer were
,determlned ‘for each of these steps. Drylng rates of the

mashed potatoes durlng each step,were investigated and it
was found that a 1ong constant rate perlod durlng the pre--

‘drylng step could Le achleved with the aid of the freeze-



thau and stirred-bed techniques. : ‘ ' o {l‘

. The phy51cal characterlstlcs of the reconstltuted
product were studied. ‘A sensory evaluatlon panel found that
‘the textural: characterlstlcc of the product Were comparable,

‘{or sllghtly superior, tc scme.products commerc1ally

S

: avallable.n

The sensory panel also prov1ded ev1dence that

) glueyness is more strongly correlated to the overall

%extural quality of mashed pctatoes than flrmness and
.[‘n.- )
snoothness. Attempts to meacure the glueyness of mashed

yﬂv potatoes objectlvely produced results thCh suggest that the .

-m‘method may be sultable for guallty control and prcduct

evelopment in the dehydrated mashed potato 1ndustry,
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SECTION A. GENERAL_INTRODUCT-CN j .

. Potatoes and Potato Products

The potato, Solanunm . tuberosum, L. is cne of the

largest food crops produced 1n the world to- day (The
Natlonal Potato Counc1l 1969), and has been a very
important part of the diet cf“people in many parts of the
world.for over avcentury. In the¢ United States of America;
due to the accelerated-SCientifiE\and.technological |
development in’ the last few decadésl the efficiency of
'potato production has markfedly increased to the p01nt that
 the potatovindustryeis now faced»uith.the problem of surplus
resulting in a. great reductlon in price. The per caplta d

consunptlén,‘on the other hand, declined gradually from 136

lbs per per on per year in 1931 to 101 9. 1bs ger person per
~year in 19 2. With the advent in technologlcal adVance in
processing|in recent years, however, the per caplta
.consumptio 1s now on an upward SHng due to the
,avallablllty of the potatoe< in many processed forms; the‘

.conven1e ce and the quallty of Jwhich attract EOre consumers

and higher consunptlon.u. ..

:Erogesses-for Potato_Granule Production

y o Anong the dehydrated potato products develOPEG

__51nce early this century, dehydrated

ashed potatoes are one

‘of‘the.nost popular, and production s still 1ncrea51ng in



volume and erficiency. The instant dehydrated‘mashed potato.
includes.potato grauules and potato flakes. Together they.
coaprise the bulk cf dehydrated potato products and have
become widely accegted in ‘both consumer and 1nst1tut10nal
vuarkets (Feustel et al., 1964). Potato granule . the subject
; of the present studles, are dehydrated pre~cooked potatoes
-in granular fora that can be qu1ckly reconstltuted to washed
potatoes by mixing ulth hot or boiling 11qu1d They were
‘flrst developed as a Horld iar IY miljtary itews ip England,
~and vere 1ntroduced 1nto the quted States for houe ﬁse in
19u7 (Feustel et al., 1964) .. ERarly technologlcal develotraent’
of potato granules have been adeguately revlewed by Olson
and Harrington (1955), Peustelbet ai. (196&), and Gutterson
(1971). Hany patents have been issned concernlng process1ug
technléues, 1lproveleLt of the proce531ng technlques, and
equlpueut used in proce551ng of potato- qranules. Greenpe et
'réls (1°u9) hold a patent on "Preeze and Squeeze" lethod
vhich vas brlefly used durlng iorld Bar II. The practlce was
dlscontlnued early 1n the nlneteen flftles due to the
organoleptlc 1nferlor1ty, and the rather low bulk denslty of
the product. Rivcche (1951a, 1951b) atteupted to spray dry
potatoes by flrst free21ng the cooked potatoes, and then_ |

reduC1ng the- to a'¢nov mist 1n a hanuer 1111. As yet no

"successful adaptatlon of spray dryer has been worked out‘to’

fa

produce potato granules vlth acceptable guallty. Belsler
‘al. (19“3) used solvent extractlon to produce potato

granules. The process, hovever, 1nv019ed many stages of

J



eftraction and distillation. aod the finollproduct
':1nev1tably contalned traces of solvents enployed.
Pnrtherlore, the 1oss of some’ soluble natexlals durlng}
process1ng resulted in ‘the froduct Hlth 1nfer10t " ’
organoleptic gu;llty. vOlpertas,(19uu), Rendle (19#5),
Willetts and Rendle (1948), and Rivoche (1948, 19505
.described in their patents the "agd- back" process which

: requlres recyc11ng of substant1a1 anOunts of the prevlously
~dried granules (seed) to aix with the freshly cooked |
potatoes to teduce thelr lc1sture content dovn to levels af
ouhlch granulatlon could be successfnlly achleved Bendel et f
» (1962a, 1962b) patented a direct uethod for proce531ng
”'of potato granules vlthout recycllng of the dry seed,‘by kY
pre-dry1ng the cooked potatoes‘to a suitablé moisture level
prlor to condltlonxng at 1ou tenperatures and granulatlon.
CarISOn et al. (1970) ﬁa\fnted the -ethod for conmlnutlng
'and drying of cooked food prodncts together vlth thelr_;
vispEC1allY de51gned equlplent fofﬂzre putpose. Thelr nethod
is auother atte-pt to avoid recycl;ug of the dry seed by _
lashlng and stralnlnq the cooked potatoes 1nto ctreams of
"alr to dry the. to f1ue grannles¢ Boyle stated in 1967 that:'
_the add-back process vas the cnly process being used

-co--erC1a11y, and tc the best of tbe author's knowledge xs'»

still the only process belng used.

All the above lentloned atte-pts are dlrected

towards one all, that 1s to ptocess c00kea potatoe ., which
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containp 76«82! moisture, into dry, . f1ne granules uhlch
,contaln about 65 -o1sture, have a hlgh bulk den51ty (0.8
gm/cc or greater), and when reconstituted the mashed
’potatoes vould possess all or most of the organoleptlc
qualltles vhich are characterlstlc of the freshly cooked,

~ ashed potatoes.
» bljgt ‘ N
The dlfflcultles in attalnlng thlS goal are,
however, nulerous. Much work has been done to oyerCOne the

/prgblens, v1th results that the follovlng genenLllzatlons

vcan be nade-

1. ouly potatoes of high total solids,
geperally above 20%, can produce mealy and fluffy,

_ mashed‘pOtatoes.

2. The cooking of the potatoes has a
profound effect cn the process.’ The method of
‘cooklug, i.e. vhether vater or stean is used as
sheatiug medium; cooking time and tenperature, are -
all ilpottant. Both under- and'ove;-cooking have

. detrinental effects aon the potatoes vith the
results beconlng apparent 1u the subsequent stages

of ptOCecslng (Hendel et al., 1962a), as wvell as

- 1n:the final product. - f 1§Q§“>

3. nashlng 1s one of the uoct cr1t1ca1

1steps in deterllnlng the success of the subSequent

proce551ng steps and quallty of the final ptoductl

)



| ,
It is the first stage in which the cooked potataes

are subjected to -echanlcal forces in order to
subdivide them into smaller units of 51ngle cells
or aggregates of few cells. If the cells are
vbroken the,gelatlnlzed starch will be released
resulting in undesirably sticky or gluey mash
'_which not only nakes the succeedlng stages of
processing much more dlfflcult but also produces
‘an unacceptable product. Temperature of the
'potatoes during nashlng. tlle, and egﬂ1plent used -

for the purpose determine the 'success of this

'step._ ’ - /’ o R . o

'u; Granulaz;on (i.e. final size - ¢
A reductlon before dry1ng to about 6% n01sturey\§§”

- also a very critical step in the prOCe551ng of

potato granules. The extent of danage, the g;’

s1ze, and the petcentage of fine granule% % en as
\\,—» o 2{‘:

to within the,range cf 35-45% that granulatlon can‘
be accclpllshed satlsfactorlly (Bun1:ov1tch and
Paltelovltz, 1936). The pre~dry1ng methods, and

the tenpegature, txle, and egulpnent used .in.
granulat1on play ;lportant roles in the success ofe

‘this ster.



5. The wmethcd of féediug-the ROist
granules into the dtyers;fand tue method and
eguipnent'used in drying of the granules also
1n§%uence, to a certain extent, the organoleptlc
gual1ty and physical character1st1cs of the f1na1
product. 11\.

, "B : . .
The rrccesses referred to above are not understood

vell enough in terms of the rav material and its response to
processing to overcome all of the probless met in the

processes.

The "Add-Back"'ProceSS

L )
- v

The mcst successful to date is the‘add —back
process, but PIotlems in obt31n1ng a high quallty ptoduct
are Stlll encountered in the 1ndustry. In the add-back |
process the potatoes are part1ally cooked, cooled and held
for about half av bour. The, potatoec are then. conpletely
cookﬁd, mash—-lxed Hlth the seed, condltloned at roon
tenperature cr lover. for at least one: hour after vhlch they
are. granulated and finally dried. Each of these steps needs
relat1vely Frecise control, apd are hence subject to error
which uay result invan unsat1sfactory prodnct The -ost
,dlsadvantageous chara%éfrlst1c of this process is that about
8u~90$ of the previously dried product has to be recycled as
_seed to be nixed with the fteshly cooked potatoes. Thxs'

. means only 1/10 to 1/6 oﬁ the_dryvpotatoes co-1ng-tro- the*‘



-

)

dryer is product° the remainder stays in the sys%e-
(GutteISOn, 1971). Thus, the dehydration: equlpnent lust'
handle 6-10 times as much Baterial as is actually packaged.
As the proceSS involves recycllug, a substantlul part of the
potatoes ‘is, - thus, repeatedly_sub]ected to mechanical forgés.
~in mash-mixing, granulation,'and drying uhich ‘Ray result ijin
an unnecessarlly high propcrtion of danaged cells in the
product. Furthermote if- awglven volume of the seed laterial'
- contairs a high proportion of broken cells,_or is highly |
‘contamlnated with nlcroorganlsms, e.q. fro- the mash—mixing
'fand/or condltlonlng steps, several tlles this volume of
ﬂflnal produot will also be 1mparted Hlth these undesiraktle

Characteristics tq some extent.

&W

- Hendel t ;;~ (1962a, 1962 ) tried to avoid the
dlsadVantages of the "addlng-back" 1n thelt process. Thelu
technique, however, regulres separate pre-drylng equlplent
such as drun dryer or belt conVeyor dryer. The prccess glves
;a relat1Vely hlgh proportlon of coarse fract10n< (+16 nesh)
uhlch wust bhe dlSCatded or used as an anxnal feed
Lngredlent. ﬂorGOVer, the process regulres a. long
condltlonlng perlod (up to three hours 3; rooa te-perature
or louer) whlch ‘may subject the product to detrimental
:_ll_ oblal or chemical changes. Also, iu the granulatiun
step, the pre~dr1ed potater/;;; sub jected for about one

_hour to continuous CompreSSJOD and shearlng, vh1ch, though

_ /
nlld nay have an adverse effect on the potatc cells
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The_Present -Work

_uringrthe develcpment of a technique for.freeze-
drjing>of'cooked potatoes in a freeze-drying company in New
Zealand inA1968,-the)authorVObserVed the inportance of the
freeze-thaw technique asnaﬁmeans to pre—treat the cooked
potato tlssue. He found that the use of: freeze- tmau stage

- greatly 1ncreaced tpe capablllty of the potato cells to
1@mthstand mechanlcal forces, such as those in mashing or’

_ gréhulatlon-wlth subseqqent improvement in“product quality.

51nce it appeared that a.process u51ng the freezgf
thaw technlque could well produce a product superlor to the
1nstant mashed potato prodncts ava11able~at that t1me in New -
Zealand u51ng a much 51mp1er and hopefully more ec0nonlca1
process, and also tecause exlstlng processes are not uell
,understood 1n terms of the raw materlal and the changes‘
1nduced ip it hy the dlfferent stages of proces51ng; the
present prOJect was proposed. Areas chosen for detalled y‘
-study 1nclude the follou1mg.5. ' '

e
!J- Effect of cooklng cn pectlc substances: To

1745 Ve
f tther substantlate the hypothe51s that cooklng weakens the -
*‘@@£ v :

‘ ceii%blndlng forces, changes 1n pectlc suhstances in

potatoes due to\cooklng and prccesslng vere deternlned u51ng

a modlfled cartazole method.

~

L 2a Effect of temperature on firnness of cooked

'\

potatoes- The dependence of the flrmness of cooked potatoes__~.

- =
’ -

N



. v o .
| \ |

_on their temperature, angd the . relatlonshlp hetueen ‘i\\
"tenperature of lasblng and the(e tent of cell damage on

lashlng vas 1nvest1gated uS1ng compress1on and puncture

tests and a llCrOSCOplC exatlnatlon nethod. m (/;Ei .

©

3. Effects of surfactants and the freegé thév

e

process on gelatlnlzed starch and pectlc substances-.TheﬁR“

leth ds by which the cell blndlng strength in mashed

;{5es,/contr1huted by released starch gel and pebtic
'substances, couId ke reduced vere studled. The effects of
' surfactants as Hell as freeze-thav process on starch in '
cooked’ potatces vere determ1ned. Poss1ble effect of

”surfactants on vater soluble pectlc substances vas also

LY

ey

*¥ y

.studled

' N
Y ‘ /

4. Phy51cal propertnes of mashed potatoes 1n:
freeze-thaw process'vTo obtaln data of phys1cal propertles
fof Iashed potatoec necessary for calculatlons ccncernlng the’
freez1ug and thavlng steps, the overall heat transfer
.coeff1c1ent of the mashed potatoes durlng freezlng in an air
blast freezer vas deternlned u1th the aid of Plank'

o

'equatlon.

v A
5. Process1ng condltlons fer pre- drylng,_
granulatlon, drylng, ‘and cocllng The essent1a1 data v
dconcernlng pre-drylng, granulatlon, drylng, and cooling such
as alt tenperature, air velocity,_stlrrer speed, and drylng

”rate were obtalned by conduct;ng proces\lng experlnents



N 11' /
_using a modified fluid-bed ‘dryer
‘ | 65 Physica1‘Characteristics of'producfz
Characteristics of the produCt, such as particlé size, bulk
‘density. proporticn of broken. cells, aml moisture content

vere determined.

o S Subjectlve evaluatlon of reconstltuted product.u

¥

Texture panels vere conducted to conpare the texﬁural

)

characterlstlcs of the product obtalned wlth the proposed

-method vlth ccnlerclal product< and freshly mashed potatoes.
4 .

Overall ratlng of each ptoduct was also obtalned

8. qyjectlve evaluatlcn of reconstltuted product- j
Flrlness, glneyness, and dea51ty of the miﬁhed potato |

prodncts qwre neasured 4Corre1at10ns hetveen each

oL

characterlstlc Qnd the overall ratlng of the products vere

vcalculated to deternlne whlch characterlstlc is lost useful
™ :
-as a paraleter for objectlve textural ana1y51s.,
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LITERATURE REVIEW /\k\
: . '| . ’ ‘
A A
THE DEVELOPHEHT OF PBOCBSSIHG TECHNIQQES RQE-PCTATO GRANULES

WITH PBEEZIHG AND THAWING_AS_AN INTEGRAL STEP

Greene et a1. ¥19u8) found that tuo results are
achleved by freez1ng the cooked potatoes, i.e. a remarkable
toughenlng of the cell uall and a formation cf free
101sture, about “0! of which can be ea511y e _ressed-from
the potatoes after thavlng vithout danaglng ‘cells. Tney

founivttat a slou rate of freezing had no detrluental effect'

_on .the cooked ;ctato cells, contrary to the comnon belief.

The toughenlng act1on due ‘tc free21ng* houever, vas found to
be reversed ky reneatlng og the cells. Hall (1953) found
that the cell uails of the  cooked, frozen, and thawed
potatoes underuent changes Ly wrinkling, shrlnklng, or
crystalllz1na. He found that Ulth longer freezrng tlmes,
'lore vater could be expressed fron the thawed potatoes.
'Bretzloff (1970), hovever, found no apprecxable change 1n-
:the potato cell size due tc cocklng, or: free21ng and

thawing. Longree (1950) reported that slow free21ng of

cooked potatoes resulted in a "dry cottony" texture 1n the

unnashed potatoeskupon thau1ng due to the retlculatlon'or‘

-‘retrogradatlon of the cell contents. Harrlngton et gI.

-(1951) reported that slow freez1ng, or qurck gree21ng

folloued by slou thavlng of cooked potatoec Causes a

.'freezlng-out of vater from the solub1112ed starch 1eav1ng a

s

flrl structnre that wigll lalntaln its phy51cal propertles

5



.

2
: I a .
throughout subsequent dehydratlon. Reeve u1967a. 1969) also-
observed that freezlng and thau1ng of cooked potatces |
reduced the swelling capac1;yhp£ thergelled_starch and
influenced iis teiinral properties. This had'advantagédhs
effects in the -anufacture cf grannles by tenderlng th?‘

more fr;aﬁ&e atter thawing sovthat granulation. is read}ly

' R
accomplished. o R - : o . /

In general the necessary stages in the prodosed
processes for prodqgtlon of potato granules 051ng the

freeze-thaw process are as shoyn in the flow chart of Figure

.

B |
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I. PEELING, SLICING, WASHING, AND SULFITING

The methods for peeling, slicing, uashing; and
sulfiling‘canfbe any standard methods used in research ot'
industry. Abrasive peeling has been fouud normally, to
‘result in exce351ve loss of potato tissue wlth the peelsf‘
f'Steam peellng or lye peellng reduces the loss ccn iderakly.
jDry lye peellng, a. gecently developed technique (Graham et
alu, 970), is clalmed to reduce both peel loss as uell as

amounts of uaste to be treated.

The peeled potatoes uay be sliced’cross-.
sectionuily inte rlngs of atout 1/& 1n thlck, or
longltudlnally 1nto strips - cf about 1/2 in x 1/2 1n. This is
to facilitate uniform and rapld heat transfer dur;ug
cookiug. - | |

Thorough vashlng of free starcu granuies from
potato slices 1s necessary to avoid stickiuess on'tae
surfaces of the cocked potato*pieoes due‘to_the
gelatinizatiou of the eiposed starch granules. if not

' properly vashed the gelatlnlzed free starch contrlhutes to

the "pastlness" of the f1na1 product whe reconstltuted.

Sulfltlng by soak1ng the potatoes in 0.5% sodiun

blsulflte solutlcn for about 5 llnutes has been found to be

: .adequate for 1nh1b1t10n of enzylatlc brownlng of the -

potatoes. The absorbed sulflte can also contrlbute to. the

vprolonged shelf 11fe of the granules. Thls 1s due to its
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- effectivehess in the inhibitien of nou—enzymaticvbrowning
and microbial - grcvth (Felnbgrg et al., 1967). {To further
1mprove the sthage 11fe of the product, hovever, addltlonal‘
amounts of sodlui tlsulflte may- be 1ntroduced at the mashing
~Stage so that the amounts cf .the preservatlve in the flnal
. product may te increased up to 400" ppm., calculated as

Con

su%ﬁur dlox;de, as requlred‘by the U.S.'military

M'

wspecificatieh (Feustel et al., 1964)).

Cooklng in potato ptoces51ng serves to‘gelatlnlze
starch granules contained in the storage cells,-sclublllze
Ppectic substances in’ the middle lamella and to prerare the
mWi%tato tlssue for mashlng and the subsequent drylng
operatlons (Klntner and Tveedy, 1967) The 1dea1 cooklng
‘technlgues are those whlch ulll produce max1mu: meallness,
‘uhlch .is a de51red textural characterlstlc, from any glvenb
bpotato. Undercooklng results in upnmashed lumps aud
'subseguently, hlgher auounts of buoken cells; while
jovercoeklng cauSGSasloughihg or exceSS1ve tlssue softenlng,_-
and hence uere‘dagaéed'céils (Severson et al., 1955;

' Hatrington‘gi al., 1959).

Elther steam or bc111ng vater can be used as a
:”heatlng nedlulﬁéor cooklng potatoes. In b0111ng water.‘
hhouever, loss of soae soluble sollds such ansugar o
protelns, ascorblc ac1d, solutlllzed starch, :and netal ions

7
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océurs through leaChing.'Per sowe substances (e.g.
solublllzed starch, reduclng sugars, amino acids and“certain
metal 1ons) this may be benef161a1.,1t has been found that
rex¢e551ve extrecellular amylose leads tO»SthleESS-in“
mashed fotatoeS"reduciug sugars and-amino aeid; produce
non-enzy-atlc brownlng reactlcn (Burton, 19u5), and iron is
thonght to be involved in the after-cooklng daﬁkenlng of ‘the
potatoes ¢Hughes and Svaln, 1962). In other eases, houever,‘
the loss of these soluble ‘solids results ‘in. the loss of
organoleptlc qualltles of the product as vell as ‘direct
economic less. Stean cooklng is con51dere& to'be~the most

'satlsfactory method and was chosen as. the cook1ng uethod in

‘the present Ctudles.
{

~

Pré-coaking or partiul cooking prior to EOnpleteg’
cooking has been reported to 1ncrease neallness of" the .
dehydrated products and to flrl the potato tlssue (Reeve,
1954 Cordlng-and Blllard 1957 Nelsoa et al., 1962 ‘Potter
gg,gl;, 1959- Harrlugton et al., 1959- Reeve, 1969). Soaklng
in cool vater before and after cooking has been clalned_by

ﬁeudel.(1961)‘fo ilprOVe granule texture.

- When the potataes are oooked tvo lmportant
co-ponents of the potatoes, frol\ﬁranule proce551ng point of

v1eu, are affected viz. starch and pectlc substances.

1. Effectsfof cookinu.on'starCh.‘ '

Star¢h4c0lpri$es'tetueen‘65 auQ‘SO% of the dry |

v
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Table 1. Ptoxinate analysié‘of uhitc potatdes.‘
| 'Averqge,‘%  " 5ange; %
dater S 7.s |  63.2-86.9
‘Total solids - 22.5 .;¢; © 13.1-36.3
“Protein R 2-n?f\ffi | 0.7- 4.6
Fat R . 0.1 0.02-0.96
.Carkohydrate: | - v
Total Cove.s . 13.3-30.53
~ Crude fiver e 017-3.u8
ash o - j.o". . 0.44-1.9

(Prom: Schviszer and Burr (1%67)) . :
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3

" weight of the. potato ‘tuber. and ie calorlcally the nd&ﬁ&__

o

1nportant nutr1t10na1 co-ponent. o g*nﬂ

i . L
- oy : ! Lo
. : s 4

\ﬁ

'granules in the leucoplasts 11n1ng the 1nt.» of‘the Halls
of the cells of the parenchyna tlssu The gran@ﬁﬂs are
e111p=01da1 in share, with an averageu51ze of about 100 hy
60 nlcrons. ‘Ball and Sayre (1955) used electron nlcroscon; a
11n exanlnatlon of potato starch granules ‘and suggested that
each starch granule is surrcunded by a melbrane. Ohad et al.
(1971) observed th1s membrane at all stages of tuker
'developnent,‘and stated that 1t ¥as derlved from plastld

_envelope. Ohad €t al. presented ev1dence to shou that if the

>

potato tuber is stor@d at a tenperature of about uO°F

:(u 5°C) this memkrane dlslntegrates, and a reductlon in
starch content and an accu-ulatlon of sugars occurs._The
d151ntegrat1on of the- -elbrane was thought to haVe'sone role -
in the preservatlon and maintenance of the starch granule.il
At hlgh telperature storage, (50°F (10°C) and hlgher), this
phenonenon vas not observed Reeve (1967b) found a sllght
1ncrease ‘in ctarch granule size vlth the 1ncreace in storage'i
tenperature. In fact, it is a common practlce in the ,

- processing 1ndustry to "recondltlon" the potatoes which have
been prev1ou<1y stored at’ uoor (4. 5°C) or louer, at a
te-perature cf around 75°F (18 59c) - to reduce the anounts of

3

the accunulated ‘sugars and 1Iprove the process1nqé§pa11t1es :
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of the potatces.

Starch consists of tuo main conponents~ amylose,
whlch is a pclyd1sperse polymer of @-1,4-linked glucosyl

re51dues vith little branch1ng. and anylopectln, which is a

k_ hlghly branched'chaln glucoce poly-er in uh1ch the 51de'

chalns ‘are attached through u—1 +6 llnkages (SchV1Brer and

iy | ‘ |

Burr,6;967). Starch content has been correlated with

textural quallty of cooked potatoes by VaIIOﬂS uorkers."
Thelr reports are sonewhat contrad1ctory. Unrau and Nyland
(1957a,v1957b), for exanple, found hlgh concentratlons of
auylose correlate v1th greater -ea11nees, uhlle Bettelheln

and Sterllng (19‘5), on the other hand found no

. relatlonsh1p betueen the chellcal nature of starch and-

L

potato texture. Bar1os et al. (1961, 1963) found a greater
percentage of large starch granules to be assoclated with

hlgh spec;fic grav:ty of Law pctatoe< and mealiness of the

cooked product. Reeve (1967a) concluded that there are ulde

‘  swollen gel and tend to separate, partxcularly Hltb "lealy"'

Trrnces ont;nues, some solub1112ed starch dlff

var1eta1 dxfferences in the relationship betueen starch

4

: character1st1cs and textural qualltles, and. .even v1th1n one.

varrety 1tse1f. ‘

Upon oooklng of potatoes at tenperatures of 190°F
. R \
to 212°P all statch granules are rapldly gelatln'ze ./As the
(
es. ou{ of
o
the cell through prilary ua11 pits 1n the cellulose l&ttl!'

(Reeve,:195ua). The txssue cells beco-e dlstended by the
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: tubers,vdne to the,degradation of pectic substancee‘betueen,
ﬁand in the cell walls (Beeve,.1967a). It was observed‘that

. potato tissue at this stage‘is relatively soft ‘and flexible
and,lends itself to cell separation by lashing uithoute

excessive damage.

2. Effects_of cooking og?pectic sugstancee
x Pectic snbstances are polyners of polygalacturon1c
:aCld in vhlch the carboxyl gronps are more or less
methylated (Schvim2er and Eurr,~1967). They occur without
axception in;and between the cell walls of photoSyntnetic

green plants. ) ' : K %
. 3 h , ’ A

Potter and AcComb (1957) reported that the content
of pectic suhstances in potatoe ﬁa ed on the
_anhydrouronlde content, ranges fro- 0.7 to 1-5$ of. dry
‘welght of the potatoes. Sharla et g;_ (1959), on the other
hand reported the: range of 0. 8 to 1. 5! based on freshv
potato velght. Eettelhell and Sterllng (1955) stndled ten
varletles of potatoes and reported the nronlde content to
‘vary fron 1.1 to 2.1% dry veight ba51s, uhereg§ Jasual
(1969) stndylng low andrhlgh pe01f1c grav1ty potatoes for
French fries reported the: uronide contents to be as high as

'Q.JI to 4.81% of dry potato velght. Hoff and Castro (1969)
,.studledvchenlcal_conpo51t10n_of potato,cell vall and
reported tnat_ceil vall nakesrnp 5-7.2lvof dry veight of
_poéatoes; and rectié snbitances,-ateﬂnn uj.5¥62;5$ of dry
,*¢¢11 nall.?ﬁnicﬁ yo&id.indiéatevthat‘their tnbers contained

i
s
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betueenb2.u'and 2.5% oectic_substaucesvon a dry wveid ht -
basis. Sharua' €t al. ( 9“§Ldopserved that'pectin content of -
potatoes is related to their spec1f1c grav1ty and ‘varies
;Hlth dlfferent groulng locatlons and cultural CODdltlonS. It
v uould appear that the dlscrepancy in the reported uronide
contents of potatoes are due lalnly to the dlfference
‘betyeen the saaples studled uhlle further dlfferences'nay

also hezve arisen fron dlfferences in the nethods -of ana1y51s

‘epployed.

Bettelheim and Sterllng (1955) found no dlrect
relat1onsh1p between the characterzstlcs of pectlc materlals
and potato te;;ure. Personlus and ;harp (1939) found that
the decrease in cell adhes1ou after cooklug i's caused by’ the.
veakening of 1nterce11ular cenentlng naterlal of pctato

»tissue. They reported also that pectic solvents and.
‘v precipitantsrcould be used to soften tlssue enough to ellou
%?Sy separatlon of cells./Llnehan and Hughes (1969b 1969&),
~on the other hand, after postulatlng that tuber f1rnness of .
the cooked potatoes depends on the 1nterce11uar adhe51on
dfound no sxgulfxcant correlatlon.betueen anountr cf
igpolyuroulde and 1uterce11u1ar adhe51on except in the sanplesv
Hlth lov anylose levels. They are of the opinion that
1ntercellu1ar adhes;on is strongly related to alylose levels
ID potatoes. Nevertheless, it can be concluded’ that uhen

potatoes are: cooked the tlssue cells beco-e d1<tended by the

' suollen gel and tend to separate as pectic substances

P
“-

. .
Lt e



between and" 1n the cell walls are at least softened, if not

NP .
gé\ﬁletely degraded (Reeve,. 1967a, 1570 .

Pectic substances exa\t ih tuo najor forms:

profopectln (Figure 2), thch is the vater-lnsoluble parent"

pectlc substance which occurs 1n ‘all plants and which, upon

metall1c 1on dlsplacement and restrlcted hydrolys1 =, yields

pectln whlch 1s composed of Hater~soluble pect1n1c ac1ds or
c01101dal polygalacturonlc acids (Flgure 3) of varylng

methyl ester- content and degree of neutrallzatlon (ucCready,

1970) . ";". o '\ 7 S

Protopectln can be cubd1v1ded 1nto tvo fractlons

N\
3 .

,accordlng to ~their characterlstlcs of solublllty.

a. Protopectlns that can be rendered uater-soluble
by treatlng with seqﬁgsterlng agents such as |
: Pethylenedlanlnetetraadﬁylc acid . (EDTA) , - tetrasodlum.
l'ethylenedlamlnetetraacetate (Versene), amnonlun‘oxalate, nndl_‘
sodlum»hexanetaphosphate (Calgon). The preSence;of cation..,
espec1ally Ca++ leads to’insolubility-of lov—esterified“ < ;
pectlc substances and reductlon of suelllng of ‘the higher -
,esterlfled pectlc_cubstances by fornlng prlnary and |
Secondary bondlng hetueen the pectln chalns. When these ions
are seguestered the honds are broken or ueakened resulting d?'
in pectins thCh are soluble %g Hater (Doesburg, 1965°

Llnehan and Hughes, 1969c).

k)

b. Protopectlns that’ cannot be rendered soluble by'~

s

~seguester1ng act1on. These may be strongly bound by ; "
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- mechanical’ enneshlng of fllauentoue nacronolecules of pectlcf
ﬁsubstaDCes one with another or with other polynets ip the

cell wall (Doesburg, 1965),~rhey may, houever, be extracted
"~ by sttbng~aci£ éuch as HC1 at anveiGVated témperature

(Bettelbeim and Sterling,. 1955).

Ih pdtatoes, the ratio of protopectln to pectln

.yaries Ulth varxety. uaturlty, and cultural practice (Sharma

~-~A

et al., 1959. gettelhe;n and Sterllng, 1955; Iliunehan and
~ . Hughes, 196?b).vThis ratib chahges on prolonged stbtage at
1ov tenperatures (e g.‘u2°F) or on storage at hlgher |

Y
tenperatures (ap to- 75°F) for shorter perlods of tlme

(Sharna et al., 1959) as the protopectln is gradually

————

changed lDtO uater soluble»forms such aS that'whlch OCCULs
‘in rlpenlng fruit.

4 . ~ ;
When the potatoes are cooked ‘he heat energy 13‘

 thought to d;srupt or veaken scme of the bonds in

\l .

‘protopectln aolecules (Peeve, 1aﬁi\:~resu1t1ng 1nwthe_
_1ncrease in vater soluble fractlon $ the pectlc substances'

(Bettelheln and Sterllng, 19553 Jasual, 1969} udre vork

# 20,

'needs to be done, houever, to. eluc1date the changes in

‘A

pectlc substances taklng place during the course of: _5\

process¢ng. A :'J~\\\\§ /?1 ' A

. N\

_XIII. ° MASHING ARD_ECTATO FIRMNESS

1. Mashi ng processeS'
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, ’ - , : i :
nashing is one of the most critical steps in

process1ng of po%ato granules in that it determlnes the
extent to vhlch the cooked potato cells are separated and
conseguently, the extent of da-age susta1ned by the-
separated cells. The ease with uh1ch the cooked pctato‘
_tissue can be mashed depends largely on the varlety,
speclflc grav1ty, starch content, and anatonlcal parts of
the potatoes. The llterature pertaining to mashlng has been
adequately reviewed hy Reeve (1950ai 1959, 1970), Schwinner

and Burr (1967), and Linehan and Hughes (1969a).

Uethods ahd conditions under vhlch tke cected
potatoes are mashed dlffer co-euhat fron .one procecs1ng
technlque to the other- Greene et al. (19“8) suggested
separatlng the cells after they are cooked frozen, thaued

and pressed ox centrlfuged. They reported that the damage

snstalned by the cells vas rininized 1f the potatoes were.so’

treated. Olson and Barrlngton (1955) . suggested nashlng ulth'
a hlgh Speed, planetary type‘ilxer for a short dupatlon and

: at relatlvely hlgh product te-perature to reduce mechan1ca1

.danage.to the ce!%r They also reported that 1n the adad- back

process, "the 1n-ed1ate addltlon of the seed granules reduced
. ) .

product dalage.

~Barrington et‘al. (1959) reported that slou
nash1ng of the fresh hot potatoes u1thout add hack qulckly
produces a sticky -ash. They recon-ended nash-nlxlng of hot

’ cooked potatoes and seed granules 1n a covered contalner to

3
/

(-
1
!
4
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reduce danage. Ihey also reported that mixing at room
tenperature produces more fine granules of hlgh dens1ty than
mixing at high telperatures but rapid coollug before

Completion of t ¢ mashing is-vety damaging.

Willard (1961) wvas of thehopinion that'potatoes-
have always been cooked urongly because the - hlgh solids
portlons in the outer layers of the tuber (uhlch regulre
lELSt heat treatnent) have keen rece1v1ng the acst. heat, and
the center portlonsu(vhlch require the uost heat) receive
‘the least. He patentedca nethod’and equipnent HhiCh coibines‘
cooking and mashing together by subjectlug'the Fotatoes
vhich are being cooked to a cont1nuou< mashing actlon across
a- mashlng cage which is -ade up of elongated parallel rods
'or HlIGS.»He clalled that Hlth this lethod every part of thed
potatoes rece1ves the Optllﬂl alount of heat treatlent uhen
mashed, and that the cooklng tlne can also be- reduced ( -

_considerably.

- Many other cooklng and -ashlng lethodc have been
'suggested in the llterature (Greene et-al., 1948; Hendel
1962 Grlffon, 1969 Beck and Ra1nvater,ﬁ1969). Houever, no
t adequate explanatlon of the effect of dlfferent sethods of
. mashlng or of the effect of telperatnre of the coocked

potatoes durlng -ashlng on the ease of mashing and extent of]

danage to- the potato cells has been put foreuard.

2. Potato_firmuess
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uash1ng essentlally 1nvolves the appllcatlon of
conpre551ve and shear forces to the cooked potatoes so that.
in effect the 1nd1v1dual cells can be separateu from one
another. The alount of force applled depends largely on the: T
re31stance of the mater1a1. In the case of cooked potatoes,r
' th1s depends on the b1nd1ng strength betueen the cooked
cells. This strength may be collectlvely descritked as. |
hardness or flrnness of the cooked potatoesgnihe.strength of
the cell ua;;, on thejother hand, deterndnes how:luch rorce

the cells can uithstand;withoutvsustaining excessive damage. -

Attenpts have been nade to measure the strength of
both raw and cocked potato tissue, and to correlate ‘t to
the cullnary guallty of the cooked potatoes. Sharna et al.

(1959) used a penetrometer to Eeasure the frrnness of the 4
_ i

isoft- and hard~cook1ng potatoes. ‘They- found that thev

e

pressure res1stance of the tubers whlch renaln ‘bard- after
’nornal cooklng 1s several t1mes hlgher thanp that of the

'soft-cooklng tuhers. Le. Tourneau et al (1962) used the

7

extent of slough1ng, thCh is expressed in termc of anounts

~

:of cooked potato tlssue retalned on’ yo. 10 s1eve after
louerlng and ralslng ten tlnes 1n dlStllled Hater, toku;‘

neasure ‘the textural quallty of the cooked potatoes. They

™,

'reported a hzgh correlatlon betueen sloughlng and the‘

2.

-“subjectxve scorlng nethod. Llnehan and. Hughes (1969a)

"pointed out thst the iirnn:sc_ln the  tybers * ‘s dlrectly -
7correlated wat: their starch content uhlch varles fron one lf(”

'varxety to another and even betueen dlfferent reglons of a

<
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tuber of the same variety,\andﬁaleo'aith their intereellular
adheston. The sane authors (1969d) used a s¢mple puncture
‘tester and the Holodkealtsch tenderometer (Grunewald,  1957)
~to measure the flrmness of cooked potatoes and concluded \
that there is bo 51gn1f1cant dlfference in the resyplts
ohtalned from the two methods, and that~the results

eorrelate firmness vith the intercellular adhesion.

Bourne (1966) studieq varlous paraueters 1nvolved
in avelmple puncture test and ShOUed that the force required
to puncture a food depends on the area and-perlmeter of the
| punch and on the ccmpreselve ctrength and the shear strength
of the food belng tested In 1969 de Man used a Kramer shear
press and puncture tester tc.study the texture‘of rav¥ Netted
Gem potatoes angd reported that shear force 1s dlrectly
related to sample velght, and that the rate of . shear also
“had a 51gn1£10ant effect on shear force when the Kramer
_ shear'prees.uas_nsed; Voisey et'aL; (1969{Aneing pnneture
and conptession tests:to study rav Netted Genm potatoes fron
"varlous locatlons as related to the . quallty of French frles
'nade from them concluded that there 15 no s1gn1f1cant

d1fferénce 1n the results ohtalned from elther of the tests.'
They reported houever, that elastlc propertles of the

potatmes vary 1dely between and vxthln tubers and thus
careful selectlon of sanples for the tests is very

1mportant.'

coE a B
Lo . A knowledge of the effects of temperature of the
.J . \’ J ) . . : v - .



cooked potatoes on mashlng and the resultant product is .

£t

ng%ESsary so that optlmum ccndltlons for the mashlng step

can be determlned, and hence 1t is de51rable that mashlng

-2

process be studled so that the_lmportant parameters,‘

1nvolved can be 1dent1f1ed.,;

'<IV.  ADDITIVES_ IN POTATO_GRANULE PROCESSING

Fooad addltlves have'h n. commonly used in
3product10n of potato granules to‘lmprove product guallty.
There are four major categorles of - problems encountered both-
durlng process1ng and on storage of the product viz.
enzymic and non- enzyn1c browning, after cooklng darkenlng;
.011dat10n, and te<tural guallty, for whlch addltlves are |
used. L \ o |
Sulfur ledee or ccmpounds that evolve sulfur
-d10x1de, €.g. sod1um blsuléhte and sodlum metablsulflte are
'c0|nonly used to prevent enzymlc and nom- enzymlc brounlng as
well as after cooklng darkenlng. Chelatlng agents such asb
"EDTA and sowe other chemlcals such as sodiunm gluconate,
'sodluu ac1d pyrcphosphate, are. also used to'prevent the
_appearance of after-cooklng darkenlng. Smith (1968) has

adeguately rev1eued llterature pertalnlng to the nature and

preventlon of these “two categorles of the problems.'

The fat content of the potatoes is only about 0.3%
(dry ba51s% but due to its hlgh degree of unsaturatlon

_oxldatlve ranc1d1ty is an 1nportant factor ‘in 11m1t1ng the‘
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shelf-life of potate granules (Swith and pavis, 1968).
ﬁutylatedﬁhydroryanisole (BBA), butylated hydroxytoluene
(EHT), prepyl gallate, citric acid, and other classes of
antloxldants are nornally added to the . product to prevent -
the occurence of 011dat1ve ranCLdlty durlng the storage of
the product (Snlth and Davis, 1568; Boyle, 1967; Pader,
1962) . Eackagrng of the produet'under an at!oSphere of
nitrogen is also used conuercially‘to contrdl the.oxidative
‘deterioration (Drazga, 19€4; Boyle;_1967).

-y

Textural quallty of the prodnct when reconstltuted_‘
is probably the s;ngle -ost 1nportant ChataCtetlsth of the

product The reconstltuted potato qranules should have a.

,"lealy" texture, be. free frecm pastlness or lunps, and should

Pl

he snooth i.e. the texture should resemble that of freshly
’sashed potatces.(SeVerson et al.. 1955"H111etts and Rendle,
“19ue Hendel et al.,. 1961- Hendel et al., 1962b; Pader, .
196u). Ihongh great care is‘taken during processing of the
granules to u1nlnlze cell damage so that pastlness in the’
gvreconstltutegsproduct is reduced, the prodact obtalned from
‘most processxng techulque ‘Stlll lacks soae of the de51red
characterlstlcs. Certain kinds cf food addltlves have thus
”been introduced into the product, mostly durlng the

:process1ng, to improve its ‘textaral quallty. Severson et a1.4‘

_(1955) not1ced that add1t1on of 0. sthdﬁ% bas;s of glycerol

’ -onolaurate durlng the mlxlng step 1-proves the texture of

the product Harrlugtou et al. (1960) reported that glycerol'
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uonoctearate elther 1ncorporated durlng the proces< or added
c;o the drled grapules also 1nproves the texthre of the
| _reconstltuted Froduct. Sn1th and Davis (1963) otserved that
_addltlon of ‘sodiuw acld pyropbosphate at VarlOuS 1ocat10ns

Ain the proce=s1ng 11ue 1ncreases mealipess and prevents

after-cook;ng darkenlng-

ﬂulercue pacents havevbeen ‘issued concerniug tue
" use of food add;tlves. partlcularly teg surface active
agents (snrfactauts), in prccess1ug of potato granules to
1-prove thelr textutal quallty. Hendel et al. (1962) |
.patented the use of gu-s such as carrbagheeu, algln, pectln,‘
Juar, arab;c, tragacanth agar, locust hean, acacla, and
other uatural edlhle polysacchar;de guns, together with
surfactants cuch as sodium cr calclu- stearate, glycerol
1-ouostearate, to 1lpart .eallness aud snoothness .to the
product. Pader (196‘) patented the ase of nonfat milk SOlldS.
v'and distilled nonoglycerxde to jsprove the texture of the
product produced fron potatces with low solldc content.
‘Pader (1964) used ed1b1e -onoestets of a polyhydr1c alcohol
"aud a eatutated fatty acid such as stear1c or palnltlc as a.
_-eans to ptoduce potato flakes Hlth hlgher bulk. deu51ty
u;thout sact1£1c1ng 1ts de51rable rehydratlon ptopert;es.
| Bale et als (1961) sprayed the "texture 1lprover", thch is
usually a surfactant such as glycerol -ouopallltate mixed
‘ vxth hydrogenated vegetable fat, on to the drled flakes: “to
lnprove the textnral gual;ty of the product. Helner and

ueqarty (1969) pateuted the improvenment of uhlpplng



properties of a mashed potato product by inCorporating

monoglycerides and salts of lactylic acid esters.

Some nanufacturers -add quantltles of skim milk
»povder ‘as a texture and flavor 1mprover, and the effect of
- the n11k povder on the texture may be due to surface actlve

couponents 1n ‘the added pouder. The mode of action. of
b

surfactants 1n improving texture 1s not well understood and
]

hence studles of the effects of surfactants on the two
e -,
1mport£nt conponentc of ‘potato tissue ‘that control the

texture of the product viz. starch and pectlc substances,

are necessary 1n order to undé‘%ﬁand this phencnenon, and to
Y s L
\ $rs
deteru&ne the optlnun levels of surfactants that should be

used. 9 &ﬁ&"”y

)
]

1.,;ftect5'oivSurﬁactants on_starch

EE sﬂﬂanipulation of the starch fraction in cooxed,’

'con81aerab1e succecs.‘The most common uethpds of starch
manléulatlon used 1n the processes such as the ‘add-back
process are pre-cooklng (Reeve, 195ub- Harrlngtou et al.,‘ l
'1959- Potter gt al., 1959),—and condltlonlng or tenperlng of.
tHe uo;st |1x at 1ou telperature (Olson and Harrlngton,
1955). All these nethods are aimed at Froducing phy51co-.
chenlcal changes in the starch gel in COoked-potatoes,

nalely retrogradatlon (olson and Harrlngton, 1955), through
=
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which the gel beccmes 1ess sticky and less soluble.
Granulatlon is then easier to acconplrsh, and an 1nproved

texture of the product is achleved (Potter, 1654) .

Retrogradatlon is a process uhereby‘starch in the
dlssolved or hydrated state reverts to a water-i nsoluble‘
form (Foster, 196S) . It arlsec fron the. 1nherent tendency of
starch molecules to bond with one ancther leadlng to an-
1ncrease in crystalllnlty (Colllnson, 1968) . Retrograded
starch, as vell as retrograded anylose, is ulcrocry talline
and nornally exhltlts the B-type x-ray dlffractlon pattern
(Poster, 19€%) . Solutlons of starch vhich have aged at room \
temperature or louer, undergo retrogradatlon, the - process of
whlch nay ‘be hastened by freezing the aqueous solutlons- in

thls wvay, ordlnarlly stable solutions may be forced\to’

retrograde (French, 1950).

French (1950) alsc regorted. that although some
anylopectln preparatlons have a tendency to retrograde from
solutions, the property is greatly exaggerated in ‘gure
amylose solutlons. He also suggested ‘that retrogradatlon can
take place even in the sol1d state, (as 1n the stallng of
bread), and that the retrogradatlon can be arrested by
s;elllng agents, by keeplng the preparatlons above rooa
tenperature, or bty relOV1ng thelr -01sture. Potter (195“) in
.ths study on changes 1n phy51ca1 propertles of starch in

potato granules durlng proce551ng reported. that as m01sture

content of the potato decreases, rate of: retrogradatlon,
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‘1nereases until there is ahont 30% water. Below, this the
rate beg1ns to decrease antil about 15% water uﬁere there is
no*oeasurable change in the rate of_retrogradatlon. He
concloded that the chdnges in the physioal proteyties:of ’
starch play an important role during the telper1ng perlcd 1n'
the productlon of potato granules laklng the potato tissue
more friable, and kence more suitable for the subsequent

Q
granulatlon. o

O

The dependence of the .rate of retrogradationvon
moisture contentlof‘the §ef§has aleo beeo'delonstrated ty-
Hellman et g;; (1955) who shoved that,thevrate‘is greatest
betueen 30% and 60% -oisture. This fact has been |
successfully ut1112ed in the prcduct1on of potato grannles._
It has been shoan that granulatlon is 1IPIOV;g :} decrea51n§
the m01sture ccntent of the moist llx, in the case of the
add~back procer, to the range of 45 to 35% (olson g. gl‘
1953). In thls 101stnre range, the guantlty of unretrograded

anylose is 51gn1f1cant1y reduced dur1ng the 'condltlonrngﬂ.

perlod and the cells are therefore bound less strongly.

=

A

Another 1nportant property of starch, partlcularly_
v'%he alylose fractlon, is its ability to fora "clathrates"
wlth iodine and fatty acids. This class of compounds has
been descr1bed as "non-sto1ch1c-etr1c co-pounds', or
"1nclusron compounds"® (Blrnbau-, 1963)- The clathrates are
formed Ulth tvo dlst;nct components: the,host and the guest;

The guest is retained in clcsed cavities or cages provided
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‘by the crystalline structure of the host. The twvo conponents
7N
do not react chemlcally u1th €ach other. The host does not
aluays con51st cf an. ldeal crystalline structure vith an

orderly lattlce, but can, in certaln -cases, assuue the forn

P s
of chanpels thCh are open at both ends, perllttlng the ’

guest molecuyks to lie wlthln the channels, held in place by

van der Waal! s forces of attraction'(Birnbaun, 1963) .

In the case of starch,.the 11near fraction or
amylose acts as a host forllng a he11cal conflgunatlon to
enclose tne guest :olecules.nThls phenomenon is strongly
. Supported by ev1dence from selectlve prec1p1tat1on and x~ray
dlffractlon technlques (Radley, 1968-'Blrnhaun, 1655; Senti
and Erlander, 196“). The conplex forned'betueen amylose and
‘either iodine or the fatty adjunct 1s found to glve the v-.«f‘
ﬁtype X~ ray p?}ﬂer pattern (E1rnbaun,y19‘5'-5ent1 and
Erlander. 196&). In the1r review Hollo and Sze1t11 (1968)
tfstated that in agueous solution the anylose -olecule forns a
'urandon c011 which consxsts cf . llnear segnents of hellcal

:structure built of 2 20 helxcal turns, all of which conta1n
C 6~ 8 anhydroglucose units. The same, authors also suggested
that the anylose in aqueous solutlon forns 1nc1u51on
‘ colplexes only uhen the H- bonds exist between prlmary ‘and
sec0ndary hydroxyls in nelghborlng turns. Retrogradatf%n can’
“thus occur only 1f these bonds‘are spllt nnd reforned |

.‘betveen varlous ‘Rolecules, cr u1th1n the same lclecule but

not betueen the nelghborlng turns.
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’.prevented from Eau51ng pastlness. The texture of the

of clathrates prevents the amylose from forn1ng strong

Jmore ea51ly in the mashrng and granulatlon steps. Further,

reconstltuted mash will thuc be des1rably nealy.~

36
This phenomenon has been extensively studied in
connection with the staling of bread and its prevention.
Various kinds of surfactantsfvhich can form clathrates with
starch have teen wldely used to prevent or retard stallng of

bread thCh is the result of retrogradatlon process of the

-

.

o] ' .
amylose fraction (Csman gt al., 1960, 1961;'Birnbaun, 1%55,

. . > ’ . .
1963, 1971; MacDonald, 1968; Elton, 1969; Jongh, 1961; \

Yasunaga et al.,'1968). In his revieu uacDonald stated tXat

the amylose*fractlon uhlch is dlspersed throughout the b
. 4
structure sets up a rlgld gel network 'after coollng of th

ead
{

bread, and-glves a hardened leatherly texture on stallug. I1f
the amylose forms clathrate ‘as vhen the surfactants are
used, it wlll be prevented frcm formlng the rlgld netvork

le@vrng the bread deformable and plastlc even after storage.

It is believed'that similar‘situations prevail
when sdrfactahts.are-used ih the productioh.of potato" i
granules‘or flakesJ'The‘amylose fraction'that -ay have \
diffused out‘from the gel uatrix of the broken cells, or L

through'the minute-pits on the wall of intact cells, will

form clathrates with the added surfactants. This forlatlon
1ntercellular bonds, and hence the cells can be separated

when the drled granules are reconstltuted the released

starch which may. have accunulated durlng proce551ng will be




Furthermore, the 'hydrophilic nature of the surfactants used:
will increase the wettability of the grapules enabling them

to reatsorb water wcre readily and uniformly.

T _ ' BN
The chorce of the surfactants used is also'

1nportant. Osnan €t al. (1960 1961) shoued that
nonoglycerldes ‘are the most effective clathrate-~ fornlng
,agents vh11e di- and trl-glycerldec have llttle of\no effect
on the starch gel Ihey also shoued that monoglycerldes vith
'dlfferent fatty acids dlffer in thelr effectlvenesc in

" forming co-plexes with amylosé, ulth polyoxyetfrlyleu°

nonostearate (MYRJ 52) belng the most effectlve- Blrnbaum

1(1971) in h1< rev1eu " on the other hand, reported that

'f>glyceryl lonopallltln is the wost effectlve starcu compleXetr'

v1th glycele -onoctearate belng the second ‘most effect1Ve

(1961) studied the iodine affinity of ¥

-snrfactahts oitnifhejexcepiion_of the'diglycerides and

: hydrogenated soybean oil greatly reduce the 10d10e afflnlty~
.of a-ylose. Ihey also found that the reductlon of the .
affinity is directly relatedwto *;ﬂ percentage of the ‘
'-onoglyceridec,added This repo. s in agreement ﬂlth the
vorks revxeued by Gracza (1965) Hho stated that lodlne

eabsorptlon of corn amylose can be. blocked entlrely by 10%

vpallltlc ac1d~ and that of Eadley (1968) vho Stated- that A

fraction starch adcotbs fatty ac1d in preference to 1od1ne.ij

ISentl and Erlander (1965). houever,vobserved that 1n the'

}l,

”eu Surfactants, and reported that ali e



1<

-work is required in:this area.

i,
J
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non-aqueous state most of the fatty acid in the complex is

displaced on exposure to iodine vapor.

%

The concentrations of‘surfaCtants added bty various

r

-workers appear to have been chosen arbitrarily, rather than

by ‘a systematic study of the effect of concentration of the

'surfactant on the asount of starch gel in the mashed

‘,potatoes- Further, it is;not known whether the effects of

. L}
freeze-thaw and surfactants are additive, and hence more

v

2. Effects_of_surfactants_on pectic_substances

It has been shoun that pectic substances in
potatoes becone more water- soluble durlng cooklng thus

fac111tat1ng cell separatlon durlng nashlng. No hypothes1s,-

. ox experlnental eV1den -hoveVer, has’ been~put forward to

-~

!

‘in prccessing of pbtato;granuies;

/

shou uhat chenlcal or phys1ca1 changes take place in pectlc

substances if surfactants are added to the potatoes durlni/ |
uashlng. The effects of surfactants on - pectlc substances,. |
partlcularly the uater—soluble frac ion, shoult thus be_\J

1nvestlgated in order to understand E re clearly the

benef1c1a1 eﬁfects obtalned froe the idition of surfactants

M\ T B .

The uater-soluble pectxc substances are colloldal
polygalacturonlc ac1ds€9f varylng nethyl ester content and
degree of neutrallzat1on thch .are capable of forllng gels

under sultable cond1t1ons (Doesburg, 1965). Tbe galacturonlc
‘ | . ' fx:.A »

S . . . ¢ . é.',&'
. : X
ER . .
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lOletaes in the fpectin. chain are llnked together by ¢~1 u
llnkages 51-11ar tc those 1n a-ylose chaln (Heyer, 1960).a
The gel forlat1on of the pectins is also quite similar.to
that of amylose. The pectin svells and slovly dlssolves in
cold uater. The Frocess is hastened hy heatlng and
agitation. The dlssolved pectln torlc a v1scous c01101da1
‘solutlon uhlch flovc readlly at ordlnary tenperatures
(Prlest and Setorx, 1951) . Lampitt and Honey (1037) reported
that the strength of pectln gel varies v1th tenperature,.r |
: \
ac1d1ty, concentratlon of the pectln, and . concentratlon‘of
. sugar" added. The strength 1ucreases u1th decreace in- :
‘telperature- it re:alns relatlvely constant at pH 1-3 then
_drops sharply at hlgher pH'C' it 1ncreases u1th the 1ncrease
of pectln concentratlon, and fhcreases with the amcunt cf
sugar added.

o 'The uater-soluble pectlns betueeu and within
»pot;to &ell ualls, thch have been 1ncreased as a result of
cooklng, v111 fore a. gel netwcrk vhen the lashed potato 1s{.
cooled to the settlng te-perature of the pectins. The’ result

is a stlff mass which ulll Le dlfflcult to break up 1n pre—‘

drylng and granulatlon stages Hlxhout further’ treatment such;ﬂ'

as free21ug and thau1ng. Surfactants help reduce stlffness mi"'

of the mass hy conplexlng u1th the starch fractlon, and may

: also affect the pectln fractlon.

° It 1s dlfflcult, hovever, to study these L

4

,hypothetlcal effects separately ulthln the mashed potatoes o
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Qggxgg,’hencevewiodeilejste- of pectin gel, using
coﬁmerciallf available pectins, is probably the simplest eay‘
of 1nVestlgat1ng tte phenotenon~ Two -ajor kinds of pect;ns'
are avallahle connerc1a11y. 1.e. rapid-set povdet pectlns,
and slovaet pouder pectlne (0111Ver et al., 1957). The-j'

'vrapld-set pectlns are those ulth sett;nq.tepexatqres betveen

..approxlmately qu and 950(¢, whefeas sloi—sefﬁoect;ns are

1those,u1th settlng telpe;atu:eS'helov approxinately 70°c.

The same authors reporfed-difficulties in obteiniug

‘ reptoduc1b1e resultc uhen gtadlng the rap1d~set pouder ’

.pectlns. They. found that the problen could be overco-e by

eaddlng curface actlve agents euch as Teepol or fru1t jUICeS,

but offered no explﬁnatlon as to hou they affected the o
pectlns. Thls wculd indicate that- the slou—set pectln is.

| nore,llkely to he‘satlsfactcry;ln,a;ppdel systen.

v FR,_EEZLNG .Aﬁ_n THAWIRG :g;f

It nay be that the success of the pre- dtylng ap:.
',granulatlon steps will be strongly dependent on the freez;ng

_'and thaulng treatment o; }he lashed potatoes, the, effects of

-k,

,‘uh1ch wlll also be clw rly reflected in the textural quallty"

ﬁ of the reconstltuteﬁ prodnct

The benef1c1a1 effects of free21nq and thavlng in
;potato granule productlon have long been recognlzed. Rendle
"(19“5), in’ hlS patent of the add -back process, 1nttoduced \
;freezlng ahd thaa1ng of cooked potatoes pr;ot to the.

~
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5‘, N
adwmixing as an opt1onal step. He found that Hhen the lashed
pok: vois frozen and 1nmed1ate1y alloved to thau the.
resultlng product is nore granular and less gelatlnous in.
texture than uhen free21ng is onmltted Bostock (19u5) IR
patented a technlque fOr dehydratlon of potato povder based

én his dlscovery that vhen the cooked nashed potatoes are

frozen ‘and then thaued at a tenperature sllghtly above 0°C,

T

the water is more loosely held by starch granules or hy the

E

cells, and a substantlal portlon of the llquld can then be
separated nechanlcally, e. g. by pre551ng and/or &
centr1fugrng. Wllletts and Rendle (1948),{and Blvoche (1950)
conblned the technlque patented by Bostock (19u5) U1th the

add-hack process to reduce the anounts of the addeback seed

} Greene et al. (1909) 1lproved Bostock's technxque by drylng

the deuatered potatoes to atkout 35 45% n01sture before

Y

reported that two results are achleved by free21ng the

cooked potatoes, i. e.va renarkable toughen1ng of the cell
wall occurs, and approxlnately 50% of the uorsture ‘in the

potatoes can be removed by presclng or centr1fug1ng. They

found ‘that the lacrcstructure of the cooked pota}oes Has L

2

greatly altered by freezlng and thau1ng, but the cells

appeared unchanged and no ruptures uere encountered. Nelther

rate nor tenperature of free21ng were, found by these authors

to affect the pctato cells, but the tlme for uhxch the
‘frozen potatoes vere held in the frozeg state had a narked

effect on the quallty of the,reconstltuted product. They

<«
t
-

sy



42

reported grainy or grrtty pﬂfduct produced fron the potatoes
Vthat were held frozen for several days. Longree (1950), on
,the other bhand, found cottonlness in the texture of
reheated, frozen potatoes if free21ng rate was slow.

1
n

HoweVer, she found only sllght change 1n the texture of '

) quCk frozen potatoes after\tvo months storage. Harrlngton

‘gt al, (1951) reported that slow freezing, ana qulck i
rfree21ng‘follovedvty slov thaving_have the saae effect of
"cau51ng a freezing-out of water from the soluhllzed starch,

and a firming of the potato structure. Hall (1953) studled ql
the free21ng rate ct cooked potatoes and reported that slou- |

O &
' freezlng can litkerate 10% mcre lOlcture from the pctato.

_‘cells than ;ulck freez’ng, and that nelther the free21ng
’tenpetature nor the length of tlme the potatoes are held in
the frozen state hdas any further effect on the anount of the
lyater expressed. Reeve.(lssuc) reported that slow-frozen

cooked potatoes have a slightly greater porosity when dried

than the gulck frozen ones, and that freezlng and thawlng
alter the- molsture reabsorblng capac1ty of the starch gels.

Lazar et al. (19%u) also agreed that the length of tlne the

potatoes remaln frozen is not critical in the effects of

freezlng and’ thau1ng.vPotteri(195a) and Reeve (1969)

- concluded that low temperature treatment of cooked pOtatoes/

'results»in retrogradation‘cf starch gel;

% Though 1t has been shown by soﬁe workers that the

rate of free21ng 1s not of great 1lportance to the

effect1veness of the treatment, it is believed, hovever,,
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that at least a f%oetate rate rather than‘rapld rate should
be used for the proce551nd§kechn1que being investigated. It
1s bellevednthat with a moderate rate of freezing (e.g. in
~an air blast freezer at —100 to -20°F),'suff1c1ent vater
diffuses out of the cells ‘into the intercellular voids uhllev
belng frozen ‘to perait rapld pre- drylng, but that with very
rapid free21ng the amount of water dlfoSng fron the cells
“is much less. The ice crystals formed by the moderate
freezing riﬁe‘should.be-sufficiently lerge to create mioute
1 passagesvthrough‘the cell wdlls to-facilitate‘rapid‘drying'
.infthe shbseqnent'dryingféteos aﬁd, cdnseQuently,'giveve |
'_fQSter reabsorptior rate of the broduct Hhenvreconstituted.

VI. PRE“DRYIN§1 GRANULATION‘ DRYING, COCLING, ‘,.

AND PRODUCT CBARACTERISTICS

}1,;."7. i

1. Pg_ d;11n§’and granulatlon '

I3

. - It has been establlshed that m015ture content of

- the cooked nashed potatoes has to be reduced from

7ﬂ,‘,,

appr011mate1y 76— BC% to about 35 -45%, preferably less thanT

QO%, before the mash can be successfully granulated to a
" fine pouder Hlthout excessive cell damage (Volpertas, 1944

Rendle,” 1945; Willetts and Fendle, jgae;,aivbche, 195o._

'¢155n et a 1 ., 1953; Cooley et al., 1954 Neel ';t_;‘ 1954

,fotter,y195a; Clson and Herrington; ]9S5 Severeon et al.,
1955V'Herringtoo et g;;,e1959: Hendel e g;;,v196 ; Lazar et

al., 1964). Various techniques have been used to reduce

moisture content of mashed potatoes to the deeirahle level.
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These technlguec include neflfcuiatngdaof the drled granules
to mix with the freshly nashed potatoes as in the add-back

- process; freeze-thaw and_preeé technique together vith a |
"reduced‘anount of “add-back granuies-'end vacuuam drying'
techulgue. More recently, partial druu drylng and partial
belt drylng vere 1ntroduced as pIQ'GIYIDg techniques in the

! dlrect process (ulthout add-back) for potato granules
‘(Hendel et al., 1961; Lazar et al., 1&6&). In this process
'vthe mashed pctatoes are partially dried on elther a drun
,_dryer'or a belt dryer unt;l thert u01sture cantent 1%
reduced to ahout 60%. The partlalty drled potatoes are then
‘,subjected to coollng and coudmtlonlng at low teuperatures |
‘-ranglng fron 100°F dowvn to =ubfreezlng. The coudltloned
yotatoes are then granulated and drled through a critlcal.
vio;bture range of c0- 35% in a specially de51gned |
"granulator-dryer" The granulatorvdryer is a trough or U~
g_shaped chauber Hltb a longltudlnal shaft with extended ares
vhlch carry a tlade made of f1e11ble nater1a1 &hen the
shaft rotates, the blades vlpe agalnst the bottol of the

" trough. Hhen the cond1t1oued Fotatoes are charged 1nto the -
trough they are subjeoted to cont;nuous llld conptess1ou and
shearing as the shaft rotates at about S rpa. The potatoe<
\are granulated uh11e thelr lo1sture is be1ug reduced through
- the critical range ty a stream of vara air vh;ch is blovn

: through the 1ength of the trough The granulated potatoes

- may, be dried in the same trough Hlth air of h:gher:

:te-perature, or they aay be bloun,over into ancther,dryer by
;thw
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a stream of air at higher velocity. The inventors claim that

a high'guality Froduct is okttaiped with this processihg‘ |

o

It is apparent, however. fﬁdt the ab%ve technlque

:

‘reguires several'steps of pre‘drylnq, cond1t1oﬁ1ng, further

/
/

'drylng and granulat1on thch fequire separate proce551ng

opgratlons. The t1le requlred fcr CODdlthﬂlng, and drying-

granulatlng, though substantlally less than that 1n the add-~

- back process, -ay still be euff1c1ently l thy to allow the

. develop-ent of Ttoth undesirable cheu1ca1 react1ons aud

L= e

-1croorganls-s. Futtber-ore. tbe process depends to 4 great

‘extent on the qua11ty of raw saterial and its previous

treat-ent, e. g. spec1a1 stea-—cooklng nethod uhlch requlres
relatively precise conh1nat1on of teuperature and tlne, for

the success of the subseqnent granulat1 -drying.

xuevertheless, the ptocess is a c0n51derab1e 1nprovenent over

the add tack prccess 1n that it reguires no- recycllng of the

'dry product-

2. prying_and ¢o¢1igg - O

Drylng in the process1ng of  potato gtanules is

-‘generally acco.pllshed in tuo stages vh1ch 1nvolve tvo types?

o’

of drying eqnlp-ent, viz. pnenlatlc or air- l1ft dryer and
fluldxzed-bed dryer (Olson €t al 1953"Nee1 €t al., 1954;

'Cooley et al., 1950' Olson and aarr1ngton, 1955-'severson et

al., 1955 Eartxngton et al., 1959). Im lOSt cases, the

“
i

2

o



grannlatedlpotatoes are drled an thegplr-llft drﬁf‘
l

2% moisture, and- flnally driﬁd to‘%%&y?”

fluldlzed—bed dryer ﬁ%uards thg end of uhléhg
cooled to approxlpately rocs te-perabure.‘

J

‘The air-1lift dryer cousist55 géne;ally,,cf a main
rlser Which is a rcund drying ccluln éﬁéut 30 ft high, an
1nverted truncated cone extending from the E}ser called a
dlffuser which is. about 10 £t tall a deflector above the
dlffucer to redirect the flou of the. granules and, a

fseparator body uh1ch is the main’ chamber hous1ng the

. deflector, the dlffucer, and part of the riser. The
“'granulated potatoec are fed 1nto the rlser through av
v1brat1ng feeder and are carrled upvard by a hot air streanm.
The veloc1ty of the hot a1r stream is 1 500 2,000 ft/nln
with a te-perature of about 375°F. _The a1r veloc1ty is
reduced to about 280 ft/nln in the dlffuser, and further
reduced tqQ about 45 ft/min at the deflector.’ The |
3substantlally dried product then traVels dounuard to the
bottom of the’ separator body and is collected through an
annular collector while the moist air is exhausted through

the outlet -at the top of the separator body.

lbj//‘ The granules from the/glr-llft dryer are then fed:.
into a. flu1d1zed bed dryer. The &1: at 70°F and velocxty of
,approxllately 10 ft/-ln is blown through the bottom of’ a'>
plate. Upon emerging fron the upper face of the plate, the

air separates the granules-and ‘moves then in such avmanner
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that the bed of granules behaves like alboiling liquid. The
drieﬁ product mcving in a@hcrizcntal direcgion'isddischarged :
orer'a ueir‘at,the other’end of tgeﬂdryer and may te furtherll

i

cooled in ancther unit of fluidized~bed dryer.

3. Product characteristics

. a. Granule size and product bulk density

| Lehydrated potato granules were developed
with the aim of produeing a'gualﬁty;product uith'high-bulk
densitf-to‘save,packaglng, storage, and shlpplng costs. ﬂlgn
-”bulk.density is achleved by produc1ng the flnest possrble
granules. In the early develo;lent of the proce551ng
~techniques 1t was not poss1tle to sub61V1de the mashed
.potatoes 1nto fine granulec of ecsentlally unlcellular'
" units. The product uas generally sieved ‘through 12-20° mesh
sxeve (Barker and Burton, 1944; Rendle, 1945; Greene et al.,‘
‘19u8-'R1voche 1950) . Hlth further d&velopument, partlcularly
u1th the 1ntroduct10n of the add back process, it became
. possible to produce -uch_flner granules, generally smaller
nthan 60 nesh size, as the Ligger partlcles could be recycled
‘(olson and Harrington, 1955; Neel et al., 195“). Cooley et
| *(19 4y found houever, that although the bulk density of
snaller gnanules is h1gher, the rate of drylng rather than
the granule size is responsible- for the 1nportant var1at10nsl |
in bulk density. They found that the granules drled at |
%

lslouer rates have hlgher bulk den51ty. Lazar et al., (196&)

reported that 31th ‘their direct proce551ng technlque the
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" bulk density of the granales can be varied from 0.4 to 0.9
‘gm/cc.

o)

b. Boisture_content of the product
‘ : = ===

In general practlce, the n01sture ‘content of

the - granules varies from #4-7%. Pro- the standp01nts of
-economic f6651b111ty and’ prcduct qua11ty, houever, the ainm
is to produce the granules with about 6% n01stnre- Strolle

| and Cotdlng, Jk. (1965)'studaed'1015ture adsorptlcn4

_ charaeteristics of potato flakes ahd'caicﬁlated their
monolayer Roisture conbsnts to te between 5. 1-5 8:. They are
~of the opinion that thls scisture tange 1s a good f1rst
target for’ good storage stability of dehydra;ed,potatoes_és
the- values agree well wvith Qata.bbtained fie- stbrage_;eéts-
They also found.that.this range Of'loeoiayer‘ieistnre‘is
independent of variety apa_geographicaleerigipugf the

pe “toes.

C. Nuaber of troken cells in fgg product -

The proportlon cf broken cells in mashed ?'

po~a des is a relatlvely rellahle 1nd1cat10n (pastlness) of

th= -ecoustltnted textural quality of the product (Greene et

@ 1948; Hall and Fryer, 1953; Reeve and uotter, 1959°-.°

Reeve. 1963). Greene et al.. (19“8).teported that

.reconstltnted potato granules u1th 20% broken cells vere

.,’7

»very pasty. thoce u1th 10~14$ hroken .cells were average 1n

pastlness. and’ those v1th 6% and. lower vere ranked supetlor

-4

W
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‘-Lulth no apparent pastluess. Hall and’Fryer (1953) developed
f& 31np1e metbod for nlc;osccplc count by stirring a small
antity of potato granulec in b0111ng water (S5 qm/200 ml)
xd uSJng a feu drcps of the suspension to Prepare a slide .
for mlcr0scop1c exanlnatlou. The countlgg of the broken |
.cells vas fa0111tated by staining the sample with dilute '

blodlne solutlon. Reeve and Notter (1959) in their attempt to

1uprOVe the method, houeVer, argued that dllutlng the .

- -

product with b0111ng vater was unde51rab1e as. in general
ptactlce wost of the products vere reconstltuted w;th vater
or mixture of uater and nllk at lower tenperatures. They
also contended that cell rupturlug may contlnue durlng the
llCIOSCOplC exallnatlon 1f bo111ng vater vas used In thelr

1mproved lethod, they adVOcated the use of hot uater of

1300—1uoé% for the purpoge. They also found that in dllute

i
suspenSLQns the cells do uct stain unlformly ulth iodine
' solutlon. and‘that excess¢vely stalned‘starch nay obscure’

tsone of the ruptured cells. They @mpha51zed the 1nportance
of the observer's ab111ty to recognlze a ruptured cell ‘in

v ‘:
i

-aklng these ccunts. ' °

’

el
w2

wx. o . S
f1.  RRODUCT uALITY | o :
Y . ; s

el
o

“%%g‘
S

The flavor of the reconstltuted dehydrated mashed
potatoes should be characterlstlc of freshly cooked potatoes

‘and should not vary,51gn1f1cant1y fron one. product to
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another. Cooked or turnt flavors should not be present, nor;
should off-flavors ke allozed to develop during storage. Af
further source of flavor mogification is that in some
‘proce551ng technlques surfactants and other food addltlves.
are added to the pctato durlng proce551ng to the p01nt that
the chaﬁacterlstlc flavor of the reconstituted product is ;
51»11flcantly dlfferent frem that of freshly nashed |

potatoes. For examgle, apprec1ab1e amounts of skim milk {

powder may ‘be added to the product elther durlng or after |

\
{

~ the proce551ng with the 1ntentlon of 1mprOV1ng the product'

texture as uell as its acceptablllty, and the reshltlng

flavor may be objectlonable to some. In general f;avor_of

reconstltuted poratoeffhas not been a'dlfflcult atfribute to

~control, although processes in vhlch Some of the soluble
'solids are removed hefore drylng (as in the "freeze and

% .
squeeze" grocgss) have failed because of 1ufer10r flavor

characteristlcs. @w “,4

ﬁ},{ ) '.“(li:‘::,;;v‘h, K » R . v - S . K
2. Texture o - - |

; 3 - . . ) ,‘
A " . . . . . N - 3
A -

. Textural quallty of the product is the major
b characterlstlc that determlnes its acceptablllty, and 1s

mych, more d1ff1cu1t to control than lavor. Much study has

'been done, both subjectlvely u51ng te:ture panels and.

’\\ .
.ob]ectlvely uslng 1nstrumenta1 texture neasurlng dev1ces,‘ L

a.

.Eand qulte a numher of textural paraneters have been used as

:1nd1cators of the guallty cf the product

ety ,‘ - ‘:‘;‘
L \ : v .



* 3. Textural characteristics

Textural evaluation of mashed potatoes by sensory

neaﬁs has.been consistgntly enployédiinwthe-bastxin‘the»
develogment Of ptoéessing methods as uéll és guality'control
of the product (Clson and Harrlngton, 1955). The textural

, characterlstlcs of the nashed potatoes, houever, have been
rather loosely defined, and thls has sometlmes led " to :
confu31on in detertlnlng the quallty of the ptoduct. Hood et
al. (1955) used rubberlness of the reconst1tuted potato. _ -
granules to juage thelr textural guallty. The least rubbery R
| product vas judged the. best.*uackey and Stocknan (1958) (/
- Judged mashed.potato samplesifor.thelg mealiness, dryness,
and shoothness the highest Of'which dééignated the'best.,

- Kahn et al. (1959) scored the neallest mashed potater as

the most desirable, and the sogglest the lea;t de51rable.’
Zaehrlnget aud Le Tourneau (1°62), and Cunu1ngha et Ql;
(1966) reported that neallness in the mouth and neallness

on Illd lashlng sith a fork vere the most sen€1t1ve methods
for evaluatlon of the: texture of cooked potatoes Szczesnlak:

| and Kleyn (1963) reported that the typlcal deccrlptlve words
used to descrlbe texture of uashed potatoes along 300 people‘
they 1nterv1eued vere creauwy, fluffy, smooth soft, and,dry.
None of these terss used uere further def}ned by the

‘ authors. It appears, hovever, that all v¢%kers agree that
.-eallness, dtyness, ‘and smocthness are &Lsiratle

; chatacter1st1cs, whereas rubberlness and SOggthSS are .

'-\

nndesxratle. : - . %
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szczesnlak (1903) attempted to class1fy textural

—

{a S

. characterlstlcs of Varlous foods and correlate the textural
paraneters to the popular ncnenclature._The textural
"charaCteristicsfvere grouped into mechanical geométrical,
'aﬂa "other characteristiCS"' nechanlcal characterlstlcs were
fdeflned as the reactlon of the food to StIGSS\ﬂthh could be
;neasured organoleptlbalhy by pressure exerted on the. teeth
tongue, and roof of the nouth durlng eatlng. Geometrlcal
gharacterlstlcs uere referred to the arrangenent of the

[
.constltuents of the Eood apd are reflected malnly in the

Qo
"v15ually, though some can be sensed orally through the sense

appearance of the food ptoduct wh1ch is mostly sensed

©f touch and prescnre. Other characterlstlcs were deflned as
mouthfeel factors that could not be eas1ly resolved on the
'ba51s of nechanlcal and geonetr1ca1 propertles. ‘These
,characterlst1cs Were d1v1ded further 1nt0 prlnary and
secondary parameters. neallness uhlch is a popular term, for
_example, was related to the secondary paraneter of
gunnlness, and prluary paraneters of hardness and ) - 4l
cohe514eness- and stlcklness vas related to the prlmary
paraneter of adh651veness. Eoth meallness and stlcklness are
..class1f1ed as- mechan1ca1 chatacterlstJCS. Gralnlnecs and
acoarseness vere related to the class of partncle size and
shape under geonetrlcal characterlstlcs. whereas dryness and

vaterlness were related to the primary paraneter of . mo1sture

ifntent (cla551f1ed under "cther characterlstlcs“) . ,

N



It would appear then that there are three terms'

that -ay descrlbe the naln textural characterlcglcs of .
nashed potatoes, viz. flrlness, snoothness, and glueyness.
These may 51nply be deflned as follovs:

[}

. (l ‘;.
i. Elrlness, defined as ease of teeth

penetratlon 1nto .the salple and the. breakdoun of the sample

on cheulng thereafter.
(“'7

Cdi. Smoothness, defined as monthfeel‘%nm

chewing. .

1ii, Glneyness, deflned ‘as elastlc response on’
vcheulng and tendency of the sanple to Stlck to teeth or ‘\\
gums.

k.. Sensory evaluat1on methods:

The methods used nost frequently fcr cubjectlve

_.t

assessment cf- texture of

R

shed potatoes 1nc1ude mcuthfeel
and appearance or feel on lanlpulatlcn (Zaehrlnger and Le,, “
Tourneau, 1562). Bhatever aethod used, .vhen the studles
vlnvolve large nulber of sanples which are gudged over a
perlod of tlle there is a tendency of the scorlng scale to
~,dr1ft§?n value and leanlng.‘Thls Ray be overcone by the‘use.

of lab@led and/or coded reference or control E\Eples (Boggs

and Hanson, 19“9; icod et al., 1955).

Py J

Selectlon and tralnlng of panellsts, numher of

salples per se551on, preparatlon of sanples, and evaluationu

.“ .
‘e

N s . ' . . . . -
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method§“are cther 1-portant‘con51deratlons rn tbe. ’ R
organoleptic panel testing (Cartvright et al., 1952; Kramer
et al., 1961). Kraner.gg-a;;‘(1961)‘advocated_tbat in't%e
selecticn of panelists the purpose ofethe test. is to be
considered first. If the purpose iséonlybto obtain a
- consuwmer reaetion then a trained panel is not needed or‘ o
should ke avoigded, uhereas 1f the purpose is to 1nspect ot
?analyse the dlfferences then Quperlor panellstc are to be
selected The same author< reported aleo that the efflcrency
-of the panel increases Hlth the nulber of tlnes theyaare
screened and tralned. and that 1t is nore advisable to
vlngrease numbers of the panellsts and reduce the
v'replleatlonc 1f 1t is de51rable to obtaln an 1ndlcatlon of
.

. consumer preference. S o : e
? . .

~ The nu-berdofdsanples perlceSSion that can be” |
. reliably evaluated concurrently depends on the nature of the
sanples, the propertles to be - evaluated, and the sk111 and
experlence of the’ panellst(‘ The -a]or 11n1t1ng factors of
’the panellsts are cenSory fatlgue. boredo-, and 1nattent10n
(Carturlght et a1 1952)..Kraner3et al. (1961) reported '/je
that for -a bland produot such as potatoes f1ve OL mwore o
sauples can, ke handled eff1c1ent1y at one s;ttlng.

Sanples cf a glven laterlal should be as un1forl N

w e / "“».
-as p0551b1e in all aspects and propert1es. Cartur;ght et al.

M

(19“2) contended that if sc;e of the propertles are.not to

be evaluated, the leVels of- these prOpert1es shculd be~
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chosen. and the sanfles adJusted to unlfornlty for evaluatlon

of the other propertles. Kramer et al (1961) reported
substant1a1 1nproVemeut in the eff1c1ency of tes txng vhen a
reference sanple was avallable, and that masklng of color
and other dlfferences not being judged appeared to be wost
1mportant. The same autbors reported no deflnlte advantage
betueén scoring and ranklng procedure as a method for

evaluatlon.

. Statlstlcal analysis ‘is a ~comaon and moct f

1mportant means uced in evaluatlng the- dafa obtalned by a Tf;f;'
"] . " . ‘
test panel. The approprlate ana1y51s, i.e. vdrlance,

& e

covarlance, correlatlon, etc. Varle ulth the statlstlcal
. v s

dvde51gn of the particular experluent (Loue and Stevart

" D v,
.f"’

. 1947) . With the ana1y51s dfxvarlance the 1nportauce of
- 3 i) }l,
1nteract10ns can be detern1ned. Kramer aud Tulgg (1970)

2

%

reponted that cne extremely 1nportant 1ntera¢t10n ‘in test

/,_.'

'panel results is the treatnent b'd panellst 1nteractlon which,
ifif 51gn1f1cant 1ndlcates that dlfferent‘pane11Cts score the‘
'~ same sample dlfferently. This. neans that there way be no
best or worst sample but that each panellst nay rrefer a

dlfferent sanple.

«

C. Objective measurement of texture

Due to hlgh cost and lack of . preC151on of
cubject:.v,e appralsals of fotd products, object1ve

‘measurement of food quallty has been constantly under
Bis
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investigation so that more preci¥e and'cheaper.nethods could
rbe developed Clson and Harrington'(1955) revieued earlier
attenpts to correlate V1scc§1ty and blue. value index of
reconstltuted pota%@ g?a%Ples with their organoleptlc
fquallty. They regqrteawtpat different raw material and
dlffereut process usednln procec51ng the granules make these
‘ohject1Ve methods unreliable in thelr judgnent of the
quallty of the products. ‘ | o ‘ o bwaw
A - ‘ ’é%
Mullins st al. (1957 developed a rapid phy51cal -

.
A e

measutement method to eValuate the guallty of reconstltuted
mashed potatoes. They found ‘that when a ball of rehydrated
potato granulee Was alloved to fall upon a smooth surf:?

the diaweter of the resultant cake was related to e€ith

”con31stency og rubberrne. of_the product as determined by a

lpangiaofetrained jngéélffy“

"Swith and Davis (1963) used a uodlﬁled L. B.E.

" Kramer shear press to measure the textural cﬂanges in

'reconstltuted pctato ‘flakes. They obtalned reproduc1ble

'results but found that temperature and moisture of. the

1reconst1tuted flakes 1nfluenced the“shear prGSSireaQings;'-a
. ; » Y L el ,

V01sey and de Han (1970) converted a food mixer. by‘

attachlng the rowl to-an. electronlc dynamoueter so. tbat 1t

‘could record the torgue and energy used -during mixing. They

*atteupted to measure the con51stency of the reconﬁfltuted

potato flakes urlng this. eg01ﬁrent and obtalned good

‘ reproduc1b111ty u1th1n the samples.

S o



host of the attempts thus farfhi‘e been to measure
the overalZ’textural quallty of the mashed potatoes. As the
textural quality of mashed potatoes is a'complex-comhination,
of several distinct characterlstlcs such as firmness,
glueyness, and smoothness, a single measurement cannot hope
to represent all these parameters, ;nd hence 1t is doubtful .
vhetherﬁthose general methods do, in. fact measure the

characterlstlc that is uppermost 1n the consumer s mind vhen

evaluatlng the texture cf the product.

Szczecnlak (1963), after classlfylng ‘the textural
characterlst1cs of food materlalé into separate categorles
.and g1v1ng then approprlate uomenclature, propoced to‘
correlate them ulth the spec1f1c objectlve measurelent
zde51gned for each characterlstlc. Frledman et ‘al. (1963)
first developed a new 1nstrument, the "General Focds' '*§};
Texturometer" whlch subjects the food sample to a cycllc
,&eformatlon, to enable them to 51mulate crudely the
breakdoun of food on chevlng. They used 1t to. measure a
4range of textural parameters uﬁlch 1nclude hardness,
coheslveness, v1sc051ty, elastlcmty, adhes1vene=sl‘

'brlttleness, cheulness,'and gummlness. The output from the

1nstrument vas in. the form of a force—tlme curve, and vas

. termed a "texture proflle" cf the materlal. From the texture.-

proflle curve they then developed mathemat1ca1 formulae to

calculate values for each of the parameters. P



52czesniakfgt al. (1963) developed standard ratlng

—»‘

scales for -echanlcal paraleters of texture by selectlng,.f o

_several food products each of uhlch possessed an outstandlng §f7“

™~ . "\{\A-“.

textural property \h1ch is easy to percelve ng

N, i
DA

organolept1cally.’Fcr each class of textural characterfstlcﬂ ﬁg;i

‘several food samples were selected to represent a ulde range TQ

of intensity of the characterlstlc. They vere . then judged by:jw“

a group .of spec1ally tra1ned panellsts, and a ratlng scale
‘ A

.for each characterzstlc uas thus produced. The same foods

vere neacurgggﬁﬁchanlc lly. usrng the texturometer,'for the e
(b\,ﬁﬁ . . L
des1red characterlstlcs.'

|

COfrelated They ottalned hlghly 51gn1f1cant correlatlons 155
all cases. S2czesniak (1966) stated that the standard ratlngf.

scalestpossess three. 1lportant features. They serve~as

reference standardc for: the pahel thus. fac111tate

'quantlflcatlon in absolute rather than relatlve terns. they
. A

can be expanded in any des1red range to allou for greater'
" prec131on 1n guantlfylng reasonably 51m11ar productS‘ and

they can ‘be used to estab11Ch a. ba51c correl?tlon betueen‘
X

ob]ect1Ve and sensory evaluatlon. The method does ‘have
draubacks in that the reference materlals she chose are‘
_co--erc1a1 products, vhlch nay change over a 1ong perlod OE"

<
may hecone unavallable througggchanges.ln d1str1but10n and

desand pattern -
’ } e o

Brennan et’ al. (1970) used the General ‘Foods

- o

Rl

Texturoneter to study varlousmparan?ters of food\texture and

found that hardnesc vas tbe only characterlstlc neasured by {

-

K

© e
iooA

he tvo results uere then“ o e T
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.

the terturoueter that correlated very strongly uith'sensory
eevalnatlon. . They saggested that some nod1f1cat1cn= be made

" to the’ texturometer and that a somewhat dlfferent

1:Jntetpretat10n of the results vas necessary tc make the

1nsttulent nore efficient in measuring the otker

characterlstlcc

A

The General Foods Texturoneter lS a complex,

versatlle and relatlvely expenslve instrument uh1ch is more

o suxtable for gesearch than for routlne testrng of a limited .

range of textural paraneters. It, and-other versatile
1nstrulents, are partxcnlarly useful in deterllnlng the
relatlve 1lportance of varlous textural characterlstlcs for
a vide range of tyges of focd However, 51lpler and less
expen81ve 1nstru:ents snch as the Earner Bratzler shear

»press (for tenderness of neat), var1ous penetrometers (for

s

i

hardness or flrnness of fats, frults and vegetahles etc )
N~have been developed for use in rontlne quallty control uork
As yet tﬁere 1s no c1np1e 1nstrunent ava11ab1e which is |
7su1tab1e for leasurelent of elther the 1nd1V1dna1 textural :
{=character1st1cs of -ashed pcgatoes“orgsone relevant o

'c01h1nat10n of characterlstfcs vh1ch correlates uell ulth

consu-er preference.‘
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SECTICN B. EXPEEIHENTAL Y )
(V S
- ANALYSIS OF PECTIC SUBSTANCES _IN. RAHL AND

COOKED ECTATOES, ANI‘PCTATO GRANULES

s

1. uethodqloqy

. Al\’ < .-
Ana1y51s of pectlc substances generally 1nvolves

: extractlon, 1solat10n, purlflcatlon, and guantltatlve

analysis. The ex$ract10n nethod dependSulargely on the
purpose of the analysls, uhether total pectlc substances or
- their: varlohs fractlons are to be deternlned. If total
pect1c substancec are de51red, it is pos51b1e to use a
'relatlvely drastlc extractlon ccndltlons such as heatlng the_
naterlal in a solutlon of calc1un chelatlng agent, e.g.
Calgon,"at low pB to. solublllze all the pectlc cul:stances
(ucCready, 1970). If houever, the pectlc substances are to
be fractlonated 1nto uater~soluble, Calgon solukble, and HCl-
" soluble. portzons, then lllder lethods such as tha@ used by
.IBettelheln and Sterllno (1955) -ay be enployed. :
Icolatlon and pur1f1cat10n nay or lay not be

k necessary, dependlng on the lethods of deternlnatlcn vhlch

may be- S i@
5i,.veight of alcohol precipitate, o

t1trat1on of acnd carboxyls plus saponlflcatlon‘

‘of nethyl esters,. e ]
. ‘ ) ' :

. dii. weig tbqf‘calciul Fectate,

% ; S b
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iv., decarto4 tion bty heating in concentrated

mineral acids,
V. ofptical rotaticn, and o R
vi. colorimetric method.

Hethods that requlre welghlng of tbe flnal results
such as that in i. amnd 111. ncrlally require 1sclat10n and
purlflcatlon of the extract. -.Bach of these methods has its
dlsadvantages leadlng, sonetlnes, to ulde variation of
results. The 1ncon51stency of the nature of pectic
substances from dlfferent sources also contrlhutes to this
,varlatlon. For simplicity cf determination, houever,
colorlmetrlc nethods are preferred One of the Bost widely
~used is the sulfur1c ac1d—carbazole reaction nethod. .The
uethod dependc_on the reactlon betueen uronic ac1d, sulfurlc
acid and carbazole to produce 5- formylpyroracemlc ac1d uhlch
glves dlstlnct p1nk coloratlon the 1nmten51ty of nh1ch can

be measured at 520 nm. McCready (1970) adeguately reviewed

the development and nature of this lethod

.

2. Starch interfererce with. carbazole reactjon

McComk and’ HcCready (1952) found that uronlc ac1ds
derived fron sugars such as arablnose, fructose, glucose,
and sone organlc acids other than galacturonlc acid
nlnterfere with the color developnent in the carbazcle

reactlon. Potter and ncConb (1957) reported deflnlte
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'>int§rference of gelatinized starch with the cartazole
reaction for uronide content determination of pectlc
substances 1n cooked and processed potatoes. They

1

‘reconlended removal of the starch prior to the
,detefnination. A similar problen vas experienced in'the
present studies USIDQ the carhazole method to determine
vater- soluhle ahd Calgon-solntle pectic substances in rav.

cooked, and processed potatoes- An attenpt vas thns made ty

'modlfy the method to ohtaln more reliable results.

3. Modification of the carbazole_methcd”

fTheInain cbject cf the present study vas to follow
tnékchanges in the uater—soluble ‘fraction of the pectic
suhstances induced by cooklng, as it is this fraction tbat
~patt1a11y detetl1nes the snccesclin sepatation of the cooked
potato cells during nashlng and, to ‘a lesset extent. durlng
granulatlon. Thus 1t was thought not necessary to deterl1ne B
the absolute total amounts of the pectlc substances in
;potato tlssue. ‘Instead, only tvo fractlons, i.e.. vaterv
soluble andwCalgon~solnb1e, wete extracted and gnantltated

The conblned quantlty of these tvo fractlons uas then

de51gnated as an "apparent total"

©
‘

' As mentioned above, starch interference is the
major difficulty in- the coioriletric deteriination of’thef

pectic substances in potato tlssne. Bettelheim and. Ster11ng

A

(1955) used @ and p-anylase to hydrolyse the starch prﬁbr
- ‘:\"Q



to the precipitation of the extractec¢ peétic substances.
This, howewer, is not thought suitable for the éaibazole
methb@ as the products of the hydrolysis, vhich are
monosaccharides, also interfere with the carbazcle réactiops
(McComb and uccready, 1952) . ﬁo §ét rid of/ihése'sugars by
prec1p1tat1ng the pectlc substances in ethanol and
redlssolv1ng them in water pr1ot to the coler developlent

- will not only result in lore conpllcated extractlon and
precipitation methods which are subject to additional étror,
'butlaiso in the risk of ha&ing some residue of thé alcohci
“and sugars left ovér in the fina} redissolved pectic ' ;

substances solution to interfere with the color development.

o

In this study, tvc apfrroaches wuere used

simultaneously tc correct or reduce the starch intérfetence.

.

a. Reduction of the amounts of starch in the

extract to mini}hn. This was accomplished by:

i;nln rav‘potatoes; fixing bf the saumgle ih‘
boiling ethanol, the method enployed by Bettelhell and
Sterllng (1985) , was avoided as beat v111 at leatt part1a11y
vgelatlnlze the starch, renderlng it more soluble in vater.
.Instead the potatc saiple was lacerated 1n.ethanol at r00l 
‘ténperathre or lower, thenbexttacted vith"0.1$fstiu- o .

bisulfite solution. Sodium risulfite vas added to the

extracting water to retard any monophenolase‘aCtivitiesfthat’

may take place in the rawv. tiss e. Excessive maceration of .

the tissue ias'alsc avoided bylusing Waring blendor at low

. r,.-"
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speed and using higher proportion of'alcohol'to potato
tissue. Subsequent extractlons Were done at either room
temperature or lower to reduce the suelllng and - :dissolution

of starch.

ii. In,cooked.potatoes, the potatoes were flrst

.

-

mashed hot to avoid exce551ve d1srupt1on of the potato

sy
cells. The mash uas then frozen in an air-blast freezer and
~thawved to room temperature or lowver to further retrograde'

- the starch gel, renderlng it less soluble in uater; A sanple
vas then taken and subseguent analysis proceeded as 'in i.’

'except that ne further maceratlon vas required vand that

sodlum blsulflte vas not added to the extractlng water.

iii. In Fotato granules, the extractlonc were
performed dlrectly on the sample, at room tenperature or

lower to reduce the suelllng and dlssolutlon of starch

ulthout further treatment. . _ o

b. Starch—carbazole ccrrectlon ‘curve. o : <
# L
,4‘

As it is not possible to entirely avoid some
‘amounts of soluble starch in the extracts, a correctlon

,curve for .the starch 1nterference must be produced so that

. .an addltlonal color 1nten51ty of the carbazole reaction due

to the starch can ke approprlately subtracted from the total

1nten°1ty. v

4. Material and method

¢
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Materials:

— —— — S —————

Retted Gem ‘potatoes, S.G. 1.695.,. 7

Potato stafch; 5igna Chemical Co., St;-Louis,'
‘Missouri.

Ethyl alcohol, putified.

Carbazdle. J.T. Baker‘Chemical Co.,

Fhillipshurg, N.J.

Sulfurlc acﬁm”~" Bt Qréde, concentrated.

v :hydrate, reagent grade.
~1ca1= Dlstlllaflon Product
inéﬁ§tries, Rochestet. N.Y. . |

Sodiul hydrox1de. reagenf gr&dé.

Sodium hexaxetaghocphata (Calgon) Calgon

Pl

"Interanerlcan Corp., Consumer Division, . .

B

Iodine, resubllmed] Fisher 5c1ent1f1c Co., Fair

Lawn, N.J. o ; | 3

Potassium 1odide;'granular.‘3isher Scientific

Co. Waring Blendor.

RitchenAid mixer. The Hobart Mfg., Co. Ltd.,

Trcy, Chio. , S o

~Sorvall superspeed Centrifuge. Ivan Sorvall

Inc., Newtown Conp.

‘Corning Magmetic Stirrer.

Spectronlc 20, Bauschﬂgnd:Lomb.Inc., R0chéster,

N.Y.
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a. Correction_curve_for_starch interfefence

~‘ . 1 .
* S Ihe potato ‘starch gels of 0. 036% and 0.1%

v

. 7. bo "
(u/v) were prepared by brlngxng an approprlate amount of

potato starch in dlstllled ‘water to b01l on the Cornlng hot

[

plate stlrrer.“The concentratlons of the gel were

arbltrarlly chosen to reprecent low ‘and hlgh ctarch

concentratlons uhlgh may be experlenced 1n pectic substances “

extracts. o

El

‘A E—galacturonlc ac1d solutlon of D 05% (w/v)

éoncentratlgn (the conce@&@atlon chosen vas found to be -

*'{

‘< u1th1n the range ncrlally encountered in the extracts from
potatbes) Mas also prepared hy dlssolv1ng an. approprlate 3@*3

o, amount of the acid in dlstxlled vatet. The solutlon vas ‘o

= relatlvely statle only for a fey days 1n a dark, cogl place.

B \ K

s

*ﬁ' Standard 1od1ne sclutlon Has pfepared iccordlng to,'
nnlanc and Fegol (1959). PR . '

PR o~ PR

.o For lov potato starch concentratlon,,e incubation

tubes (30 ml) v;th screw caps vere set up. for .eight -

v, ]

D)

conblnatlons of 0. 036% starch gel, 0 05% D—galactutdnic

ac1d, and dlst111ed ‘vater aq ‘shewn in Table- 2.‘0

[ ) t N

For hlgh potato starch concentxatlon, 1

1n¢ubat10n tubes (30 ll) vere set up for the combfnatlons of
[ »

0. 13 starch gel 0. 05% p- galacturonlc ac1d, and d1st111ed

Y .. - - : .

-1
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water as shown  in 7Table 3.

.
, To determlne the Blue Value Index (BVI)/Qg the
\ ’ \

mlxtures, 2a5‘ml of the nlxture,uas mlxed thoroughly with

Y

7. 5 ml distilled uater and heated in, b0111ng Hater for 5-10
m1uutes. The heatlng vas necessary to prevent the

floculation of the starch 1odlne conplex 5hen 1cd1ne

solutlon was added to the mixture. After heatlng, the

' maxture vas ‘€9

.a%tlon vas added and thoroughly mixed.
5, J

The blue . value uas ghen neasured using the Spectronlc 20 at

nl standard -

640 nm. -

For carbazole valde- deternlnatlon, 2 51 of the

AN

. orlglnal nlxture (<tarch gel D- galacturonlc ac1d and» _
ua;ér)&uas hydrolyced 1n "30 .ml of 0 OSN NaCH for 30Kn1nutes.
The analy51s proceeded accordlng to the method descrlbed by

[ ¥

HcConb and Hccready (19‘2).

N . . ,‘ N \>\

4

I
4 -

L The carbazole values cf the mlxture as> ueii as
thoge of pure suarch gel and pure D-galacturonlc acld vere
piotted agalnst thelr concentratlons (Flgures u an 5). Thls

;*§#§s.to determlne uhether the carbazole value 1ncreased
‘w;;nearly u1th the 1ncrease 'in the couceutratlonc ‘of both
. starch and D'galacturonlc ac1d in order to determlne the

z!*:g?s‘efulness and re11ab111ty cf the C°rrec“°" curaé
)

>

The Elue Value Iudlces of pure starch gel- were

-

t@en plotted agalnst thelr cartazole couuterparts, and the

YR
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'correctlon cntve for starch interference was thus produced

(Flgure 6). Cnly the linear pcrtion of the curve wvas used

-'for the correctlon in the experlnent -

o

~wb{Aﬁ€t.potatoes

i
)
EH
i

'5;1 ﬂhe selected potatd tuber was peeled,
e

duashed, and cu ' 3to small pieces of a fev cu mk size. The

_pleces uere llx€d vell and two 5 gm samples Were taken.

501sture c04tent of the raw potatoes uas't
deterllned in hot air oven at 1059Cmfor 24 hours.

@

t

' The ealples taken vere 1mned1ate1y macerated 1nu
‘100 Il of 95% EtCB in a Har1ng Blendor at lou speed for 1
Ellnute. The -acerated sanples were 1eft stand in room B
tenperature for 30 IlBPteS vlth 3;6381Cnal stlrrlng, then‘

flltered through ihatJan WO. u filter paper. The resmdues

were Hashed tu1ce ulth 75% FtCH (v/v)_ The outllne of the»i"

* E T e
f — ‘ . T
- L ) .

C..Cooked_potatoes C :

-subsequent extractlpns 1< shown in Flgure 7

The potatoes were peeled. sllced waéhed"
free of sutface starch granules and stean—cooked at N
Mat-ospherlc pressure for 35 nxnutee. The cooked potatoe<
vere then nashed 1-led1ate1y after cooking in the KltchenAid

‘mixerx ulth a flat teater at the speed settlng of § ‘or 1 1/2

llnutes. ‘The mash was then frozen in an a1r hlast freezer at

R , v St 7130

k

o

N

“-180? and thaued in room atlocphere. The m01sture content of



5

the‘frozen and‘th ued‘pdtatoes vas determined. Two ‘5 gm

- samples vere then ‘taken for the pectlc substances analy515.'

\ " ,- A\
. 5;" : \

\
A 100 ml of 95% EtOH uas neasured into eaqh of the

samples. They were then left in. roéh temperature for\30
nlnutec ﬂlth occasional- stlrrlng, é%en flltered through

\ @% .
Hhatnan No. u fllter paper. The re51dues were uashed twice

fwlth 75% EtOH and further extractlons proceeded as outllneq

—

'(1952) the out11ne of thch is shovn in Flgure 8.

L

1n;Flgure:7.

v

d. Eotato granules
, : : I

. : : e 3.

Iwo 5 gmn samples of the potatO“qfhﬁules vere

taken. The m01<ture content of the granules was determined.

- 100 ml of 95% EtCH was added to the sanplec and the

-

.1 ™ m.:

-extractlon proceeded as 1n c.’ \ o .

The uronide'content in the extracts mas~deternined' ‘

u51ng carbazole method as descrlbed by ucComb and acCready

N ]
4

e

: R . . .
( For Elue Value Index determlnatlon of the

3

:extracts, 2.¢ nl extract vas thoroughly hlxed wlth 7.5 ml

-

di lled uater and 0 2 ml standard 1od1ne solutlon. The

k]

Blue Value Index was measured vith the Spectronlc 20 at 6“0

’

nm. - R : -

The carbazole values of the extracts were then

;vobtalned from the etandard curve (Flgure 9) and corrected

for the: starkh 1nterference u51ng the correctlon curve:‘
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(Figure 4). . STy

For fhe; ‘purpose ¢t ccaparison éf the uropide
contents among samples of di%%erept moisture content§;: £he
uronide va1~ues based on dry 'ue‘ight;‘_oi the samgles vére also
* calculated. The :o-isture. ccntét;ts. c;f tih.e saaples used in -th?':j
exp(erimeuts' are givén in Table u~- ' A

¢ l ‘.\\
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Raw Potatoes Cooked Potatoes
95% EtoH ‘ ‘
.. Macerate, 1cw Speed/1 min Mashed, Prozen, Thawed
T , . : y&~—~95$ EtOH
?i;éér € Occas1ona1 Stir/30min
- . 95% EtOoH
Filtrate ) Residae Potato Granules
(Sugars, Amino . JE&—Distilled Hater
Acids, Lipids, slow Stir/2 hrx
_.and EtOH) \Eoo- Tewp. cxr Lower

¥~—Filter aid ‘
Centrifuge: 12,006 rpu/10 min
s

14 .
Extrict I Residue . )
: r—~’Dlst111ed Bater .
(Vater— E .
- Solukle Further Extract/2 hr. : I
Fraction)
T - Centrifuge
Extract Y1 Re51due
«<——0.5% Calgou Soln.,
. . phB 5.5%
Slow Stir/2 hr
Room TYemp. or lower
R _ o Centrifuage
- ’ 3 , Extract IXI ,‘.- Re51due _ '
T .,ﬁ”.b.j;%gv;Aiwvm_ _____ o 0. 5% Calgon
NN T . BN . C Soln.
T . o - (Calgen- ., . Further Extract/2 ki
. .~ < Solukle -~ - I B /J :
S o ' »Praction) " e Centtlfuge \\\///
‘Extract IV , , ' Residue
. % = *PIepared according tc Bettelheim and sterling (1955).

'(»

Pi§§?gy7' Flou chart for- extractlon of pectic substances

frcn pctatoes.

’



‘Fectic Substances. Extracts

_

‘Blue Value Ifidex

Determination

-

_Read 0.D.

ol

s

Figure 8.

' é—~—§tad&ard Iodine sclp.-

oY
at GQUfhn.‘

.,

in.potato extracts.
' 1
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Carbazole Reaction (Pink)

Value Deterlihat;on _ . P
 J&—0.C5N NaoH,30 ain

Defesterificatioq

oo
he

Hi; with conc. sulfuric Acid

Cool 't 3oC ' ‘ N
. £

Heat in Boi1ing Water/30 min

| El . | |

Coolito Room Temp. or. Lower

€——0.15% Carbazole

Reﬁgent

Leave to Develop Color

for 25-30 nin

Read 0.D. at 520 nm.

1

- | S ) % -
Flow chart for detervinaticn of uronide content
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i
o

Table 4. Moisture content of potato samplesﬂused

%

F} " , in pect¥®c suﬁstances determinations.
%% .
- Sample J,Ayerage moisture content,
v i % wet lasis |
Raw 77.33 )
Cooked 123

Granules S 4.58

79
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vspfggstcr TEMPERATURE_ON FIRMNESS OF = - Y
s IA o & v‘ s b
CCOKEB- ECTA '19__5 . S

1. "!??sgia'lSAg
quetted Genopotatoes. | o .
) QQ R

Steapmbath Ulth cover 11d.

v
=2

Cork.torﬁr'of 9.75‘1n diameterm
‘Wire cheese cutter.

w ‘Standard iodine splution.
, .
2. Equipment
a. Equipment for firmness measurement:
1. A force supplier which wonsists of a 1,2
H.P. motor driviug a'Shaft up and down

A

vert;call{ through a gear box at a constant
speed. The dlrectlon d speed of the motor
.is controlled by a speed controller Hodel

vu(
SL1u nade by Minarik Electrlc Co. A ‘systenm’

;o

of straln gauges is mounted on a platf@gn
dlrectly under the drlve-shaft. v

i Slgnal ampllfler' Daytronic Transducer'
FAnpllfler Indicator Hodel 300D. Daytronic
Corp., Dayton. Ohio. ‘
111. Recorder' Honeyvell.g}é%trcn1c 19>
output ranges 0.1-100 av. Hone?well, Pt.
Hachlngton, Pa

'1v. 0tt~§;9§1 e er. BurryQI Corp;,; S
' Y )
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' {y' \
Pittsburgh, Pa. S

"

b. Equipment for cell count:

X

-'Ki chenAid Rixer,

ii. Leité Wetzlar microscope (100x, 4500x,
” ani 1OOQx). j S m@
. £s£§99§;« . o
_g? Ere dration of the samples for\ylrnness-

measurement'of uhole,unnashgﬂ(?otatoe;:

Pota es of uniform size and =hape were
chosen. They werg.pe led and thear 1rregular surfaces here
trlmned off so that they could be placed flatly on the load
cell of" the textnroneter. -The potatoes Here then vashed and -
wrapped in aluliniun foil and stean-cooked for 1 1/2 hours,

at atmospherlc pressure to ensure unlforl cocklng throqghout

the sanple. Once cooked the potato samples were kept in a

 steanm bath at the teupenature at which the neasutenents vere

"'to be performed. Short du:atlon in the steam hath hetveen
measurements vas necessary tc av01d further cooklng if the

mp?ratures uér@*?ngh. The sanples/vete R!pt urapped in the

a’ amlnlun f011 untll -easurelent to avoid surface,

o) ; . o

Lvaporatlon.
,b' uethods of flrlness leasureneﬁt. |
o ¥ of 1ntact pctato tissue: | .
o "  ‘ _ i.'Puncture test A cyllndrlcal probe ulth
. flat surface of 0. 25 in dla-eter v€>

s, driven 1nto the potato

N
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! S o | _,
satiple, placed squarely on the-load cell, at ‘a constant
speed of about 5.7 1n/n1n The fxcbhe penetrated C. 7 in 1nto
the sanple then the motor vas reversed and the probe
V1thdraan fromvthe sanple at the same ‘speed..The. force vs
dlstance (or tlne) vas recorded 51!ultaneously ky the
recorder (Fiqure 10)._The relatave area under the
penetratlon cuer, as measured ulth the planlneter, .
represents the uork done by the probe to penetrate 1nto the
sample.- . | _f;_ ;‘.. o - o
'ii. Compression test Cyllndrlcal sanples of
‘0 -75 in diameter and 0.75 in- hexght vere prepared,u51ng the
cork borer and the vire cheese cutter. The saample was 'placed

Squarely Hlth a flat surface on- the load cell. It was then

\

'c0mpressed by a c1rcu1ar plunger nlth flat surface of 2 in
.'d;aneter, driven doun at a constantﬁspeed unt11 the salple-
vas co-pletely defornad The force Vs dlstance (or time) uas
'recorded op the recorder (Flgure 11)._Ihe he1ght of. the »
first peak whlch represents the breakrng poant cf the sauple
- vas taken as the alouut of force necessary o break the é%
sanple. Thls peak nornally corresponds to the pc1nt vhere
the salple vas broken around the nlddle at about aso to 1ts
'flat surface. The helght of the peak was then converted to
gm force using a callbratlon curve preV1ously constructedﬁe
RN c. Irxal runs' | |

a trlal run at the sanple tenperature of

80°C for each type of test vas first perfor-ed to deternrne
. . 'il\t- . A .

P



';\;

o FORCE —

DISTANCE (OR TIME) e —

Flrure 10. Typlcal resuits of the puncture test.

Area Al renresents flrmness, '

‘breaking point

o FORCE

Flgurefil. Typical results of the cnmpresslonitest."
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¢

Figure 12. Sectlon of cooked potato tuber. wlthvachles
showlnp locations where samples were- taken

for compression tests.

®

®
-

639,

Figure 13. Section of‘cooked ootato‘tuber with
‘ clrcles showlng Iocatlons where

puncture tests were perFormed
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Y

the areas on a tuber where the tests should be perforned sp
that varlatlon in the results could be kept. to tlnlmum. This
was done by dividing the tuker into several areas as shoun
in Flgures 12 and 13, and then d01ng tests on each area. The
areas on the tuber‘vﬁeresthe results of the neasurements

vere most unlform to one arncther, vere then chosen for s

H“subsequent tests.

In the subsequent tests, . the tempenatures of the~
samples at vhlch the “tests were performed wvere arbltrarlly
vchosen for conven1ence at 80°' u0° 25“, and 10°C after
; cooking; and 5° 7‘0, and Z‘QC after free21ng and thaulng,
reheating; and recoollng respecthely. FO?F,QUEJiC?tQS;!eFQQ
perfc :med for each test.- |

d. Cell count'
Cooked potato strlpsxuere mashed at 800_

uod, 259, "and 10°C after cooklng. mnd at 00 (partlally

J(reheated), and 250¢

JJ

(recooled) after free21ng, in the ¥ tchenA1d n1xer with a

»thawed),-10° (completely thawed), 80;

- flat beater for 45 seconds at top speed The nashed sanples ,
were then examined undet the mlcroscope at 1001 to deterllne

the number of hroken cells,

The mlcrcscoplc method as descrlue by Reeve aud
Notter - (1959) was employed for cell count. The ;ethod vas.
'sllghtly modlfled ty addlng tvo'drops of the standard 1odnne
solutlon to the ‘Sagple on the slide and nlxed thorouthy

prlor to countlng. Ihls 1mproved the visual capabillty to



vas,also shoun

rpatts'df-;he cell. The cell boundary

NJ
\

G qi)

y“‘%ﬁv»
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III. ERPRCTS OF SURFACTANTS_ON_POTATO STARCH GEL
| == TR AR 2 AR L GEL

T

ks 10

ARYlose T}pe 1, froa potato.vsigua Chemical
Ca., St. Louis, Missouri.
Stapdard iéding solutijon. ,
Ayvatex Type 3-59 (granuleSS. Distillat;onﬂ
Prodpct Indnst;ies, Division of Fastuman Koaakk‘
Co.,cscchester, R.Y. o ‘ \'J

Myverol Type 18-“0 (paste). Dlstillatlon

Product Industt1es, Division of Bas;nan Kodak

Co., chhestet. N.¥Y. ' .- | .
Spectronic 20. Bausch and Loab Inc., Rochéstet,

Nl Y-

Corning Hot Plate Stirrer.

~ Netted Gem potatoes.

KitchenAid wmixer.

4
Tvo colorlletrxc lethods, viz. tbat descrlbgd

by uulllns et al. (1955),'and that descrihed ky 91111ans ann

Fegol (1969), uere 1nvestlgated for thelr SenSItIVItY and

: reprodnc1b111ty ty neasnrlng the color developed by iodine

o,
o

and lashed.potatcesvof varylng.u;ounts of broken cells.

‘HMullins et al. developed thelr lethod petticularly N

ifor the detern;nat1on of Blue Value Index of debydtdﬁed o

a 4

N

'nashed potataes. Ir this .ethcd.the solublllzed starch is

™~
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extracted frcm the potatoées with hot‘u;ter of 150°F
(65.59C) . The blue colc. is developed by mixing the extracs
with a dllute 1od1re so'uticn. The Blue !alue Index is then
‘obtalned by neasurlng the ~intensity of the. blue color at 6u0

nm. » . n ~a

The method of ﬁillials and'Fegol- on the cther
hand, was developed to deterllne the amount. of damaged
starch in vheat flour. In ‘this. lethod the starch is
extracted fros the da.aged granules by a solutlon of
sulfosallcyllc acid in fornanlde-sodlul sulfate sclutlon at
122°P (50°C). The extract is then mixed ulth a dilute 1bd1ne
- solution to develop blue color. The Blue Value Iddex is

determined at €&s nm.

o . Lo - B

Both nethods uereé%pund to be conparahle in

sens1t1v1ty, but that by uulllns et al. was found to possess.':

»

. better reproduczblllty. Due to the nature of the extractlng

“; solution used (sulfosal1cy11c acid in fornallde-sodlun

;sulfate solutlon),-the meithod by Williams and Fegcl appears
‘ to extract sone starch froa the 1ntact cells in addition ‘to
all of the starch from the troken cells. This is CODCGlV&blY\
because the extractlng solutlpn lay d1ssolve Farts of the
lualls of the 1ntact cells Ithh are relatlvely thln and
'produce holes through vhlch aore starch 1s subsgquently
extracted Furtherlore, the lethod of uulllns et al. 1s much
simpler- and takes less time to execute and hence wvas chosen

) ~
for thls experllent.k
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a. Effects of surfactants on p&re auylos :

A 500 al sucpen51on of 0 %1% (u v) amyldSe

: Qgﬁr for 25 minutes, then flltered through Nc. 4 Hhatman
rd

ji¢er paper. The flltrate vas de31gnated as solution I.

A 500 ml suspensicn of 0.1% (w/v) uyvatex in

distilled vater was boiled forx 25 mlnutes on the: Cornlng Hot

Plate Stirrer and flltered through No. 4 Whatnan fllter

paper. The flltrate was designated as solutlon II.

The combinations as shown in Table 5 were set'up

in a series of 10x100.hlvflasks. - S N

\\

The contept in the flasks was nixed well. To each
flask, 1 al of the standard 1od1ne solutlon was added and-

thoroughly mlxed

Indlvldual ‘blank for each flask was used to
compensate for the 1nterference of the color development
vhich mlght‘be,caused by Myva« . These blants vere prepared

by ;eplacing,soan 1 in the conblnatlons vlth 25 ml

distilled~ﬁeter.

The absorbance of the nlxture in each flask wvas-

‘measured agalnst 1ts blank v1th the Spectronlc 20 at 640 nn.

A

.{ - ke Effects of sutfactants on starch gel

1n cooked lashed potatoes: RN

ar
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-;k | . &' k
e L .r
y The sgéegt‘ f Myvatex and‘uyvgtol’on cooked - |
potatoes aerefdetermined~separateLy..' e e e !
\ : .
s Potatoes uere peeled, sliced and vashed. The -

vashed potato strlps vere steanvcooked for 35 nlnutes.
7

Approptlate amountc of’ the surfactant (up to 1% based on the‘

3

ooked potato Helght) wvas measured ihto the cooked potatoes.
The potatoes ‘vere then -ashed 1nuedlate1y in the Kitchenaid”
-mlxer wlth a flat teater for 1 12 -1nute= The hroken cell .h
count of the mashed potatoes was deterllned so that the
Inumber of the broken cells. in each batch could ke kept Cclose o
to one another in order/{o nlnlnlze the varlatlon 1n the |

l

amounts of .the released starch gel

‘The deternlnatlon of the absorbance of the starch—
1odlnevsurfactant complex for each sanple were perforled 1n R
three stages. i.e. @ﬂnedlately after nash1ng, after coolxng j
| to uzor and after free21ng and tha31nq. : |

The method by Hullins"et al. (1955) was used Gith
sllght modlflcatlon, i.e. a Cornlng Hot Plate Stlttet was
'used to keep the suspenfaon stltred at low speed and to keep
the temperature relat1ve1y constant at 150°P 1n<tead of an
oxerhead varlable speed agltator. Also, 0 02R 1od1ne

s&%ﬂtlon was replaced with the standard 1od1ne colnt:.on T
»pregared accordlng to Wllllaus and Pegol (1969). and a
‘Spectronic 20 at 6u0 nm. vas used instead of the Klett-

‘Sunmerson Photoelectrlc Colcri-eter origxnally elployed.
. . . ,)" R .

=
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L e . l'.\ ) 3
( ’ Fer*@ctato granules, 0 S -gm” of the dry granules

‘was used 1nstead of 2.5 gm.as. in the ca%e of the freshly

nashed potatoes. Homsture ccntent of all samples was also

*
deternlned ufing é/hot alr oven at 10§°e/fo& 24 hours. f'

4

“

All recults ate the average of two measurements‘
J

.(ﬂa are- réported as based on both or%glnal uelght (wet

(

basis) ‘and bcne dry wveight (dry basisy of the samples.

) \ ' . o
’
i N

4 i
50

Iv. EFFECTS OF_SUREAC TANILOB P_%C,IIC SUBSTANCES -~

i
1. Bategrials: ' \ |
: | ; Slow-set Genu Fectin. Food Produ&ts\Ltd;;;‘
& Mcntréal. s : : ’ ‘

‘Myvatex Type 3-50. o ‘ ) e
HyiefolnyPe'lS-QO;
' Corhiug Hof Plate,Stirre}._ { -
,az‘_o”okfield Synchro~Lectric Viscgeter, uodel""‘,

RVI; Brookf;eld Engigeerlng Lab

atorles, e
FoTN ) < .

. 7 Vo
Stoughto v uass. -

*.A\-N

v 2. gggggd o LT .
Y . ' » ’ ' AN
' o for each set of experlnent about three lltres

. 1

of 1$ (v/v) of the Genu Pectln in dlstalled vater was
prepared by slovly addlng the. pectln znto contlnuously

stlrred uater on a hot plate stlrrer,.ghe'suspension vas

-

L oo
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_'brought to b011 until all the pectln povwder wvas d1csolveﬁ.

'The gel SOlUtl%n was then,d171ded up 1nto 500 ml p%ktlons 1n

AN

600 ml beakers. an approprlate amount of surfactant vas. .
7 ‘

velghed 1nto €ach portion to make a serles of 0. 075—0 10!
(w/v) for uyvatex, and 0102-0;20% (u/v) for uyverol. The

_ mixture of the pectiu gei dﬂfurfactant was then bfought to
Jboil” uhllé being contlnuously stirred. The vlsc051ty of the
b01led ‘mixture was t;en measured vlth the Broo&ﬁf‘h&
Synchro -Lectric vlcconeter u51ng splndle No. 1 and tmeﬂ*_f'
splndle speed of 100 rpo. Bcth the VlSCOSltY and the. 2
temperature of the solutlon at ueesurememt uere recorded

The solutlon was then gradually cooled down !hlle 1ts

;V1sc051ty and temperature were belug record d at 1ntervals.

. \ ‘ -
The g}sc051ty and temperature of a control (pectln

‘_gel wlth no surgtctant added) vere also recorded over the

'same range of temperature along Hlth each set of

experlnents.

The v1sc051ty and temperature of nyvatef"and 4-»§
uyverol solutlons in dlstllled water uere also leasured,

u51ﬁg dlstllled uater as-‘a* conﬁmo}

V. _’ESTIHATIOH OF _SUR PACE §AT TRANSFEB COEPFICI ET IN

AIR- BLAST fﬁEEZING OF COOKED HBSHED POTLTQ§§

1. Haterials: 1s: |
Netted Gen potatoes. S. G. 1. 095.

Copper-constahtan therlocouples.

P

il



directly to the recorder 051ng ice as - a reference junctlon.‘

glass therncleter.

o 94

Hcneywell Electronik 19 Recorder.

'riirebuesh E%E;K?i/3o mesh sizee'

‘ Alr-blast freezer with air Velocgty of 3,000 cu
ft/nln, and nlnllun‘alr'temperature of -209F in

celd room 12x10x8 ft high.

2 Hethods'

—— . e ———

The copper—constantan thermocouple wvas connected

%#ﬁ The recorded output was ca11brated agalnst a mercury 1n

=, ) N

—

The-potatoes were peeled, sliced,v aChed and

steal—cooked for 3‘ nnutec ~ The cooked Fotatoes uere mashed

" in Kltchenhld nlxer Vlth a flat beater for 2 nlnutes at the

speed sé%tlng of 6. Thevlashed potatoes were then fpacked

tlghtly 1nto cubic fornm of various dlnen51ons ranglng from 1

in to S in. The densitv of the cubes was calculated by

' dididing the weight .7 :he cuhes_by»the.volune.'

v

A therlocouple was carefully 1nserted into each

.,cube fron 1ts =1de So that the Junction was exactly at the

geone :rical center of the cube. The cubes were then wrapped

x

in alullnlun f011 and thelt tenperature ‘was brought down to

32°F

‘using crushed ice as coollng uedlun.

V-

N

The nashed potato cubes at 32°F uere then placed

- on the u1re-lesh tray, after they were unvrapped and placed

~m.1n the alr-blast freezer. Care vas taken so that the

)}

-3



Calculated u51ng Plank's eguat10n°

35

freeziag air~coulg circulate;around'the cubes. without

obstruction. The temperature at the center of the cubes was

thenfiecorded on the Honeywell Electronik 19 Recorder.
- /"n\

also deterllned in-a hotﬁglr oven at 105°C for 24 hours.

The moistuie content of the lashed potatces was

A typical recorded chart is shown in'Pigufe 14

L

tf = freezing fpoint of mashed

where: 2

° potatoes, 9F. o _ v
. . A : o
ta = air temperature of the air-tlast freezer,
oF. ‘ | |

02-01 = tlle taken to freeze the center of the

potato cuhe, hours.
4

Surface heat transfer coeff1c1ents were then
3

\
= M . ( Pa + Baz ), where:
S ' ‘(tf-ta) hs k
'-r? ' 6 = time taken to freeze the centet of a

laterlal of certa1n dllen51ons,f
. conlenc1ng frcn its free21ng
point, hours. -

- L ™= latent’heat of the material, Btu/lb.



(8]
AN
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Figure 14. A;tiplcal‘fFégglhg curve, -
. /- 2 ’
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p = density of the material, ib/ch ft.
tf = freezing point of the naterlal, fF.
ta- tenperature of the freezing ledlul, OF.
P and R = coefficients obtained from the
. chart (Ede, 1949), based on iimensional
ratios of the material. For each cube:
E = /6, R = 1/2&. ‘ |
a = thickness,of.the nater;al; ft.
hs = totaifsurface heat ttahsfer’coefficient
" which is a combination of convection heat
‘ transfer coefficient (hc), thickne§§ ?f
. Facking -aterial and its theraal
coaduétivity.(k),.and radiation Béat
transfer qoefficient‘(ht); Btu/ft2 h °F:
- k = thermal condﬁctiiity'of tﬁe laterial;

~ Btu/ft h ©OF.

Deterllnatlens of latent heat and therlal
condqptlvlty vere .not done on the batch of potatoes used in
: these tests. The values Bf these propertles vere calculated
fron the known % lOlStute content (p) n51ng the equations _
given by Earle-(1966); . - - ‘ g | o

QQQ Btn/lh.
100 .

»

k (belov free21ng pc1nt) ='1.4p + 0.15 (100-p) -
‘Btu/ft her. - 100 100
Vi. PRE-DRY EG,‘GRANﬁLLTICN; DRYING, COOLING,




AND_PRODUCTI_CHARACTERISTICS Y
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=

1.

it

.Materials and egulglent°

Netted Gem potatoes, S.G. 1.080 and 1.095.
Sodium tisulfite. Fisher Scientific Cc., Fair

Lawn, N.J.

'Additives (see Table 19).

Hydrometer. Potato chip*Ineritute
Internationa%fzCleveland, Ohio.:

Hckart Vegetahle Peeler. The Hohart Mfg. Co.
Ltd., Don Hlllé\ Ont. |

Hobart Vegetahle sllcer. The Hobart Mfg. Co.

'Ltd., Lon Hllls, Ont. - ‘ ,

Kitchenaid mixer. The Hobart ufg;VCo.'Ltd.,-'

" Troy, Ghio.

A A

Atiespieric Steam Cooker.

Stainless steel trays.. \ T,
Air-blaetrfreezerfuith ainimunm air tenpereture
of -20°F and air veloc1ty of 3, 000 cu ft/lln

uanesty Petrle Flurd Bed Dryer lodel HP 10.E..

‘Manesty uachlnes Ltd., Speke, . leerpool 0. K.

‘Speedonax 12-p01nt tenperature recorder. Léeds

vand Northrup, Canada, Ltd.

.o

Canadlan Standard Sieve Series; ‘The W.S. Tyler;f

Conpany of Canada Ltd., St. Catharlne, Ont.

ePortatle Sxeve Sha er. The EJS Tyler Conpany

-of Canada Ltd., St Catharlne, Ont.
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Leitz Wetzlar uicr05cope. Germany.
Sling psychroneter.,Taylor‘Instrunent
Conpanies, Rochester, N.Y. v

Bendlx Psychron. Bendlx Envlronnental SC1ence
:'D1v1s1on, Baltlmore, Haryland

l"Veeder" Speedometer. The Veeder Mfg. Co.,

. . “ V\
" Hartford, conn. :

.
‘a. Preparatlon of the potatoes. ,
Ihe potatoes vere cleaned vith a dry cloth
untll free of dirt. The spec1f1c grav1ty of the potatoes uas.
then meéasured vith the Potato Chlp Institute Internatlonal
pydroneter. The potatoes uere then abra51ve peeled in the
Hobart peeler. Hand trlmnlng of peel and dark spots'was kept’
to minimum. The peeled potatoes vere sliced to 1/2 in x 1/2
in strips in the Hokart Vegetable Sllcer. The strlps vere
washed clean of . surface starch and soaked in 0.5% ‘sodium
bisulfite solution at room temperature for five llnutes..
‘They uere then steam-cooked for 35 llmmtes. The cooked
potatoes were 1mmed1ately mashed in the Kltchenald mixer
.Hlth a flat heater at the speed setting of 6 for tuo .
llnutes, together vith the addltlves (Table 6) which: iere#
’nlxed dry 1nto the. potatoes. The mashed potatoes vere then

spread 1/2 in th1ck on the stalnless steel trays before -

belng frozen in the air-blast freezer. t.:‘. .

| the frozenvpotatoes pere»conpletely'thavedvat roos
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Table 6. Additives used in Frocessing of potato
granules using the proposed.ptqcessing

technique.

Additives - % Added (Ba sed. on He1ght
of Potatoes)

Myvatex, o ‘ . 0.20

Tetrasodlum pytophosphate . 0.05
Butylated hydroxyanlsole (BHA) _ ' . 50.0005
Butylated hydroxytcluene,(BHT) 0.0005

» 7 S .
Total . ‘\\b, o 0.251
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te-perature (approximately JO°F). ulthout ralslng the

: tenperature of the potatoes much hlgher than fteezlng point,

prior to proceeding to the pre~dry1ng step.
b. Pre-dryiug. granulation, drying, and

cooling.

; ' s
i. Bodification and operation of the

.€quipaent:

The uanecty Petrie Flu1d Bed Dryer

s
3

(Plgure 15) wvas modifieq by flttlhq a rotary stirrer %.zg'
" immediately ahove the porous plate. The porous plate
consists of a layer of wvire lesh of 120 mesh sjze sugported
underneath by another layer of stronger vire -esh of 30 nesb
size. The two layers are reinforced on each 51de Ly a
stainless steel plate on thCh s-all holes were bored
through at close Antervals (5716 in holes - on 7/8 in centers
(triangular pitch)). The boles of the upper plate vheun
fitted together are .in perfect alannent with those on the
lower plate so that air can pass through vithout -uch

-fohstructlou. ‘The effectlve area on- the porous plate through

’whlch the air pass is 0. 073 sq ft

-A<vertical drive-ﬁh&ft vas frtted 1n the -;ddle of
~the porous plate. The rotary st1rrer vﬁlch is ‘made up of two

: alullnlun ‘arss f1tted vxth 1/8 au dla-eter bent btass rods

v

as shoun in Plgure 16 vas fxtted on to the central dr1ve-: 1

6 ~

*
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'shaft. The clearance betveen the bent rod and~{he p;rous
Plate is approximately 0 06 in, and that betueen the SldP'
ara rods and the side of the fluidizing bovl is

appra;lmately 0.1_1n.(P19ure 17) .

The central shaft is driven through a reductlon
gear by a 1 H.P. mctor the cpeed of vhich is controlled by a
variakble speed notct control (Ratlotrol, Boston Gear

Division, North American Reckwell, Quincy, Mass.) as shown

in Figure 15. = o N

The attachnent lechanlsn between the nylon

i

collectlng bag and the f1u1d121nq bovl vas nod;fled bx uslng

¥ _
an alnllnlﬂl rlng padded with fca- Tubber vith four ;étal }~“

sprxngs hold;ng the bag down txghtly to the rluxaggyhe bowl.
o

This 1s to ensure lln1|ul leakage of the granules” iurlng

drylng, and for gulck release of the bag wben n‘“”ssary.

K R
fltted u1th air—flou and tenperatute meaBuE
'(Pigure 15). The orifice meter was de51g i
standards (Bean, ‘1571). he alr-flov plpe lS an aluainiuya

pipe vith the average 1ns1de dlaueter of 6.370 1n, u1th‘a

3
slot five feet from the openlng end 1uto whlch alullnlum

y
-or1f1ce plataf can be inserted. Pour orifice plates nere |
used 1nterchangeab1y accord;ng to the: Velobxty of the a1r
flow b91ng neasured The d1a-eters cf the orifices are
1.280, 2.557, 3.8u3 and a.781 in respectlvely. rhe air flou o

vas -easured by neasurlng the dxffetence 1n the air’
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Flgure 17. Fluidizing bowl fltted with the stirrer,
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" /J . - ' B | ; . N
Pressures in front and Lehind the orifice, using ‘a glass
manometer as shown in Figure 18.

"‘On the downstrea® arm of the manometer, a

’

nlcroneter vlth the precisicn of 0.001 in vas fitted. The
nanoneter vas fllled wlth dlstllledcuater to a spec1f1c
Alevel where the mlcroneter was zeroed. The lanoneter was
“connected to the upstream and downstream pressure tapplngs

’of the or1f1ce leter Hlth plast1c tubes. N

| A uet bulb thernocouple (uet-ulck coVered),’and a
dry bulb thernocouple (ﬁare) ‘were inserted 1nto the alr—flow.
hplpe 9 and 7 1nches fron the openlng end respectlvely.
Another/;uo therlocouples,“cne under the porous plate and-
another-in. the cente of the upper rln‘gf the fluldlzlng
boul uere also fltted. When under operatlon, the pressure
dlfferenc? of the air flow was- recorded nanually at
.appropriate 1ntervals uhlle the tenperatures of the vet

?bulb dry bulb dry13; a1r, and the loist a1r con ng through

~the bed uere automatlcally and s1lthaneously recorded on ¢
"‘the Speedoméx tenperature reccrder. The vet bult and dry

: bulb tenperatures were- checked aga;nst those obtalned vlth

the Sllng psychroneter, and the Bendix Psychron at regular

1ntervals~ - o 3 o ' e

, The speed settlngs on the*Ratlotroﬂ for the '_t>>'
1 stlrrer vere: callbrated using the "Veeder" speedoneter to
‘ neasure the speed of the stlrrer both nlth and nithout‘*f
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" potato load dhring‘ re-drying and granulation steps.

. ° . J . . ¢
The air velocity was calculated using the

folloving équation (Bean, 1971):

o= 355233(fc1d229v)VThv

Vq:EE" kX
. Wwhere: B = mass flow ratemldb/hr.
= discharge coefficlent of the orifice.

L0
!

. Y = expansidn'factor.
QVJkﬂ - . d& = orifice diameter; in.

Fa = thermal expan51on factor.

153

pg- den51ty of the air, lb/cu ft.

hv = differential pressure, in water.

C

ratio of dianetérs,ha/by

1
i

-aiahete: of the pipe, in.
Y was calculated from the folloving equation:

-

Y = - 1 (0.4140.35g%) -
X |

vhere: 1-r = hw o o

x>
I

__tatig of'specific heét of i§e31 gas.
. It vas found that the mlnllun value of. Y Jnvolved
. A

in the subseguent calculat1cn< wWas. only 0.999, so the term

uas onnltted

< Fa = 1% for metals near room teuperature{

A
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Thé values of C were 1nt?rpolated from the tables

in Bean (1971). ' K - _ f

p was calculated frou 1+H/, vhere:

i ‘ v

/(‘ R : . R - v

—
=
0

absolute huwidity of the air, 1b uarer/lb dry
-

spec1f1c voluue of the air, cu ft/lb dry air,

<
w

- corrected for altltude and telperature by the
¥

-ethod outlined in Perry (1963).- ‘

The ahsolute hulldlty of the air enterlng the

dryer is deternlned fron the 1n1et vet and dry bulh
tenperatures, and th1s with the telperature of the air belou

‘the bed deflne the condltlon of the air at thls po1nt.

1

The Joule Thonpson effect is negllglhle for the

A small pressure drops through the bed, and hence coollng of

.\—/ v

the air 1s mostly due to evaporatlon of soisture fron the
vbed. (Sone coollng (g; heatlng) of thelalr due to heatlng

(or COOlng) of the bed occurs when the bed teuperature is

changlng rapldly (e.qg. at heglnnlng of run or during coollug'
| of dry granules), hut is mnot 1lportant durlng most of. the

drylng perlod).

When the sensible heat effects - are neg11glb1e the
absolute h0lldlty of the air above the bed is deterlined

%us1ng the adlabatlc coollug 11nes on the psychronetrlc
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Vcﬂaft, as shown in Figure 19, where all (1b l01sture/lb dry
(alr) is the 1ncrease91n absclute hu|1d1ty of the air. The
”drylng rate of tke bed H (1bs/hr), .is then givenvby the
equatlon:-- _ SRR , | _
HA = 'Aﬂ + ' >

4

-

" where m is mass flow tete of air)in lb/hr.
For those perlods when the sensible heat effects
- are not negllglhle { ~g. during granulatlon) an approprlate

correctlon was nade to the tenperature of the air above thev

b 1 as follovs: 7 | Y

The tenperature of the bed is assuned to be -
.approxllately egual to the tenperature of the a1r above the
bed " The rate of heat galn ky the bed. (-.(uv.cu +
Ms. cs) dT/de) is egual to the‘rate'of loss,of heat by the

air strean (— ‘BeCoyT), where:

‘mass ofvvater in ted

]

"ui
Hs = mass of solids in bed
cv = sPeeifie'heat of uatei
cs é-specific heat cf sclids
dT/de rate of heatlng of bed, and

c = spec1f1c heat of air (dry ba31s).

Thls leads to an approxlnate correctlon (AT)‘fOt

telperature abOVe ked i.e.
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}\ .
AT = (Wn)v(ﬂv + 0.285) (AT/40)

G

The température of the air above the Led corrected

A3

for sen51ble heat effect (Tc) is then given by

. Tc = Tab + ATI

where
Tab = measured telperature of air above thebbed.

Z/ie drylng rates calculated fro- the a1r flov and

‘-{temperature ueasurenents vere used to calculate n01sture

‘&Qntipts of the lo%d at several p01nts durlng the runs, by
1ntegrat1ng the rate of locc of moisture fro- the ted vwith
-respect to tlne._The superf1¢1a1 air veloc1ty (ft/min) was
' calculated based on the croes sect10nal area of the botton'

of the bed

ii. Pre-drylng.
The drylug chanber of the f101d bed dryera
‘Was pre-heated to -about ‘I5‘=0 1i75°F, and the drylug -air

' telperature uae set at about 20009F.

The thaued potatoes (about 50°P) of known m01stqre
: content were charged into the fluldlzlng boul. lhe bovl was
then covered ¢ightly with the nylon collecting tag. Thel

'dry:ng chalber vas closed the a1r flon vas set at laxllu-'
and the stirter speed vas set low at 20 rpa. The tenperature

recorder vas started 31lultaneou<1y,'and the nanoneter.

vreading uas recorded and checked fof any’ change.at regular;
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"intervals,

As the pctatoes WeEre being dried they becane lore
and more fluldlzed. When all the potatoes were fully _ |
fluldlzed under the maxlmun air flow, uhlch normally took
20-40 minutes dependlng on the uelght of the load and 1ks
m01sture content, the heaters vere turned off. Small sanples
of the potatoes were gulckly taken by tenporarlly cpen1ng up
the drylng chamber and the collectlng bag. 501sture content
of the samples were then determlned in a hot a1r oven at

105°C for 24 hours.

iiji. Granulation:.
When the drylng air tenperature was

dropped down to about 105°F, the air veloc1ty was/reduced to
alnost minimum and the stlrrer speed vas increased) to about
u80—500rpm. At this stage, the n01sture content of the
potatoes vere usually within the cr1t1ca1 range of 42-35% ati,
bwhlch level the -potato cells ‘are most re51stant to . ‘
nechanlcal forces, ‘and hence stronger force, i.e. hlgher '
stirrer‘speed, can be applied to separate thel to flne
Spowder Hlthout exce551ve cell damage. The stlrrer speed was
nalntalned durlug granulatlcn whlle the a1r flou uas
gradually 1ncreased The granulatlon takes about 4-10
n1nute= to conplete towards the end of uhlch the air flov
' vas 1ncreased to- about 250 ft/lln under which the granulated -

: potatoes should be fully suspended in.the air stream.
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‘ About one Ilnute before the end of the granulatlon
period the heaters were aga;n turned on. At the end of
granulatlon the stJrrer vac stopped ahd small samples of
potatoes were agaxn.taken for noisture’coutent

~

determination. S

iv. Drjing:’

After the granulatlon, the drylng
te-perature was ralsed to about 175°—200°P The air flow was
set to maximua at the beglnu1ng of the drying perlod but
vas gradually teduced after about f1ve mlnutec of drylng to
avoxd the cell’ daaage due toc the abrasion of the granules in
the air strean. The drylng normally takes about 10-15
‘_llnutes at the €end of vhlch the air flow vas reduced ‘to a
~ minimua. |

£l
V. COoling:'.

To av01d scorchlng and unde51rab1e‘
chenxcal chauges due to high product tenperature, a coollng_
_perrod after dry;ng is nececsary.,At the end cf the drylng

perlod the heaters vere turned off and the air flow was

lalntalned at the low flow rate. The product temperature vas:

reduced gradually to about room tenperature after 5- 10

'.-1nutes.

C. Prcductfchqracteristics.‘
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The cooled prodncfaya sreved tbrough a

vl) r,‘»,rﬁ"\) L e 4

minutes. The granules retalnéd on’ each?srég%ﬁueze ve1ghed
.and the velght percentages calculated. Those passed throuqh
60 mesh 31eve vere taken,as product. Those retalned on the
32 and 60 mesh sieves uere recycled back to the predrylng
-step and nlxed ulth the freshly thawed potatoes of the next
run. The coarsest fractlou nhxch vas retained on the 16 mesh
sieve, normally accounted for about 1% of the total output
and was drscarded. - S - ; ‘e
' The %nlk dens1ty of the product vas -easured by

fllllng the granules into a 250 nl gtadnated cylinder up to
the 200 nl mark uh11e gently tapplng the cyllnder (agalnst
the floor) unt11 tbere is no further packlng of the

granules. The-<00 3l gramules were then uelghed and the bulk_

density was calculated in gl/cc.

1i. moisture cOntent:
Boisture content of the product vas
: deterllned u51ng the hot air oven at 1059C for 24 hours .

(i.e. until the sa-ple velght vas constant).

iii. Brokem cells: : @
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Number of troken cells of the product was

counted u31ng the method deccrlhed in Section B I1., 3.,

’

VII. TEXTORE PANEL TESTS | . ‘

1. Baterials:
@ . Four dehydrated mwashed potato samples being tested

Were:

t. Exper1lental gtanules 1 (Ex. I), a typical
"product obtalned froa the process under
1nvestlgat10n. _
,_Experlnental grenules'II (Ex. II), a specially
proceesed product of‘very gluey texture. °
iii. ConlerC1a1 I (Con. I), ccnuercxal potato
‘ygranules obtalned frCl a local eupernarket
iv. Commercial 11 (Co-. II).'connerc;al potato 
*é-vflakes ohtaxned froma local superlarket. |
..netted Gem potatoes, S.6. 1.095.
. Ritchendia mixer.

A

2. hdi ‘ - ‘,

.

_:)'

The control sa-ple vas prepat‘d. usyng Netted

<

Gea potatoes, by cooklnq the peeled. triuned, %dlced. andy N

' vashed potatoes in a steal cooker fot 35 llnuteq The coiggd_
| ) “4‘3.’3
‘flat beater at the speed sett;ng of 6 for 1 1/2 minutes, @

»<potatoes uere then lashed 1n the KltcheuA1d leet u1th a,
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Salt was also added to the rotatoes durlng mashing at the
rate .of 0.4% based on the cooked potato veight. The mashed
bpotatoes vere transferred to a stalnless Steel bow1l, covered
with aluminium foil, and.kept vara in a kitchen oven until

ready for testing.

The four dehydrated salple:guere first tested for
their con51stency on reconctltutlon. This uas done by
reconstltutlng each sanple vith varying alounts of b0111ng
water. The samples vere then Judged by three judges, chosen

from laboratory personnel .for thelr cons1stency as compared.

to that of the control ~Sample. The tern con51stency use_% '
A i

Nt

here uas referred largely tc the firmness of the product

texture as felt in the nouth. A )

Once the ratlo of product to borlrng water for‘
each sample. was establlshed rtvuas used throughout the

testlng. o ’ -.ﬂ

For the test panel, the products uere
reconstltuted by’ neasurlng an approprlate amount of b0111ng'
vater into a boul The uelghed product %ith 0. ux salt, based.b
" on conblned ue:ght of the product ana ‘water, was qraduallj-'

poured 1nto the water vhile the llxture was belng stirred
1slouly vlth a fork. After all of the dry product vas poured

‘the nlxture was thoroughly leed at a noderate speed
'vlth a fork The reconstituted products vere then covered .
.Vlth alullnlu% foil and kept vara 1n the oven until ready -

»

.forvtest;ng.

1]
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Tvo sets of*&est Panel wvere conducted.‘Each set

”con51sted of four weekly sessions.

- In the first set, 10 panellsts uere.selected fro-
4the staff students, and techn1c1aas in the Departnent of

~ Food Sc1ence. For each ses°1on, the judges qerescalled into
the test panel hooths and vere each glven a scorlng sheet -
(Plgure 20). The 1nstruct10n of the scoring nethod vas
exp11c1tly g1ven on. the sheet Each jndge'vas then served

‘ Hlth flve Coded sauples 1n alu.ln10l dishes arranged in
randon qrder. The codlnq of the. salplec vas ‘alsc randonlzed

in every ses51on, using different sets of nulbers for each

session., v

The results fron the first set of testlng vere
,then transformed into nu-bets of 1 to 5 de51gnat1ng 5 as ‘the
nost de51rab1e and 1 as the least desirable for every
'_category of the'character1=t1cs 1nc1ud1ng the overall
:anklng. The transforned results of the overall
characterzstlc vere then analyeed for varlanfes and variance
ratlos, both altogether and 1nd1v1dua11y for each judge,
Hlth the ald of API l1btary ptogra-s on an IBN 360/67

~computer.

Pro. the :esults of the ana1y51s, nine judges uere‘
plcked out of ten, based on thelr "Day" variance ratios.
ngh "Day" varlance ratio means 51gn1f1cant varlatlon vlthln

"a. judge fro- one. day to ancther in hls jndg-ent. The'ninev
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b

e
judges, chosen from those with low "Day" variance ratios,

° were used in. the second set of\ the test panel.

) In thé second set, a lOdlfled sc@rlng sheet

(Plgure 271 uas used so that the judges could score each

characterlstlc dlrectly in nu-bers ranglng frc- 1to9, _

de51gnat1ng 9 as the most desirable and 1 the least

de51rab1e. Varlances varlance ratlos and other correlat1ons

uere then conputed for these scores.
, i _ - . o
A Duncan's New unlﬁiple'ﬁange‘rest,.ac outlined by

Duncan‘(1955), was also petforned on- the average. sc0tes of
the overall charactetlstlc of the sanples. ‘
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IEXTURE PANEL_OF MASHED BOTATOES -

P S

DATE:

——————

NANE: _

b

2.
i

Definitions: _ : ‘
Firmness: ease of teeth Eenetration into the sample and
L the breakdcwn of the sample op . '
, ' chewing thereafter. '
Smoothness: mouthfeel on Cchewing. : ©o
Glueyness: -elastiC»response on chewing and tendency of the
T sawple to stick to teeth or qums. -
Overall: ‘overall textural characteristics of the sample.

Scoring Method:; Check one (x) value of~e!.h_cbaracteristic fof
- each sample. Disregard flavor Or_color differences. %

) R At . : v
' Sawple Nupter

L

Characteristic _ .

Firmness: very firm -
Bl firm . ‘
' slightly“firm
soft o )
VEXy Ssoft ﬂf'
Smoothness; very smooth
: - €mcoth - - I
slightly coarse T
coarse or grainy I
A2UEpy S | -

Glueyness: not gluey ' B f)
B slightly gluey :
woderately gluey .
 gluey LA | | .
v .very qgluey = . ig C T ;/)_
Banking Test: Disregard flavor Or color differsnces, insert the
number of the sample in an appropriate clas¥ with respect to .

their textural qualities. One or Rore. sample can .be ip any one
Class but none can be in more than one class. =

—

"Excellent Very'Cood"» Socd Fair<0nsatisfac£pry

~ Comment: Please give your comment or suggestion OR the testing
method or on color, flavor, and texture of any sample in the

Space - below: : - " '

Figure 20. Scoring she-t fer the first set of

s - texture panel evaluation. . - ‘
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IEXJURE _PANEL OF MASHED POTATOES
. . I'4

DATE: _
NAME:
Definitions:. S 4 o
Firmness: ease of teeth pemetration into the sample and
.7 the breakdovn of the sample om chewing
" thereafter. T ‘ _ 23
Smoothness: wouthfeel on cheving. o ' R
Glueyness: elastic response on chewing and tendency of the
' sample to stick to teeth or gums. "

Overall: overall textural characteristics of the sample.
~ ‘Parameter
Rahge of score Fftmness Smoothness Glueyness Overall
i) extremely - extremely . not gluey excellent
: firm smooth ot ’
: 7 %J moderately moderately slightly very good
Ca - firm * smooth - gluey o
6 R : ' . ,
5 not firm = not smooth -moderately acceptable
‘ : -~ gluey - ‘ :
4 - ‘ : _— ' » o
3 "~ .moderately  woderately gluey . not
- soft coarse - . acceptable
1 extresely extreaely - extremely awful
. soft coarse gluey ' N

 Scoring Method: Insert one figure corresponding to the
considered score of each pParameter as .given’above in an
appropriate tkox for each sample and each paraseter.

L . "4

_Salple‘uqiééaa‘

‘Paraheter L - e ?{?*?-

. Firinesz i_ e . . R ‘ '

- Smoothpess _— ‘ C a ‘ .
Glueyfiess A IR/ ~ “
Overall - " . . . L LR a

-..Comment: - | . L ;;v," ”

- Figure 21. Scoring sheet for tlie |second set of
o textare panel evalyatjon., o
. P L K . f‘)"‘{: . K . ~
o \1 . | . : ‘f/ .
P . L B < Al >
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&

VIII. OBJECTIVE MEASUREMENT OF TEXTURE

1. Materials:

i. The mashed potato sémples vere the same as

, G

. ‘(ﬁﬂ;’)

those used for the seneory evaluatlon (SECTION B:
J. VIIL). ) , ‘
ii. A,texthrongter‘(SECTIQN'B: II.) wvith a 2 in
,diémeter flat*éurface.plunger;
iii. Daytronic Transducer Amplifier=~ Indlcator
Hodel 300D. Daytronlc Corp., Dayton, Ohlc;
‘. iv. Hoseley 135 X~Y Recorder wlth an output range
of 0.5~ 50 lV/ln Hewlett-Packard uoseley Division,
-.Calif.. | |
v. A plastlc vial of known 1ntern§i volume (3 cRB

' 1nternal d;aneter, 4 cm internal hEIth)

"#i. Ctt-Planlneter. Burrell corp., Plttsburgh, Pa.

a. Measurement of firampess and glueyhess;
During the seéond-set of texture panel
'testlng, after each se551on. the Sahme sanples vere used for

the objectlve Ieasurement All neasurelents were done at

r00l te!perature.

For the textute neasurenent. a cyllndrlcal sauple

of 0 75 in dla-eter and 0.75 in helght was prepared u31ng a

4 .';

s
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cork borer and a wlre cheese cutter, by caretully packing
the product into the cork Lerer so that DO air was occluded
in the sample. The unlfornly packedvsalple was then cut at -
both ends with the wire cutter to the required siz;.
The sanple vas placed sqnarely in the center of
the load cell platforn. The plunger vas driven-dounuard at a
constant speed of 5.7 1n/l1n directly on to the sanple unt11
it was conpressed to 1/6 of the or191na1 helght. Thevplunger
was then 1nned1ate1y'reversed apvard until;it was Fulled \
clear -of the sanple-§urface. Three replicates uere'neasured

for each sasgle.
C

The forces needed to conpress the sample and to
pull7the plunger clear of the sa-ple Qurface vere recorded

directly on the .Moseley X-Y recorder ulth the pen soving atf

a unlfor- Veloc1ty in the X direction. lctyplcal fonceftlne

curve-ls shoun in F1gure,22..

. The areesdal and A2 uere,then‘leusured ueing the

planimeter. | | . - |
ng Deterllnatlon of den51ty."
The dens1ty at rooa telperature of the o

' sanples in ‘the last three sessicns of the second set of the
texture panel testlng vas deterllned. Ih1s vas done in
dupllcate by carefully pack1nq the product 1nto the plastic
V1a1 av01d1ng trapping air 1n51de the salple. The vial was.

'then uelghed on an analytlcal balance. The ueight of the

~

1

-
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sample d1v1ded by the 1nterna1 volu-e of the v1a1 represents

the bulk density of the satple.

- .

The recults froi toth a. and b. together with
-those frol the sensory evaluatlon in the. precedlng sectlon
vere analySed for tbelr varlances. variance- ratlos, and

correlatlcn coeff1c1ents wlth the aid of the co:puter.
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SECTION C. RESULTS_BND DISCUSSION
L.

ke

EFFECTS OF_COOKING ON_PECTIC SUBSTANGES IN_BOTATOES

Ly e 1. starch interferemce in_color development of

p-gglggturogi acid with_carbazole reagent

At low concenttatlons of dlssolved starch gel in

the solutlon, as nornall eDOQUntered in the pectic.

"

substances extracts frol ‘tatoes, the 1nten51ty of the

, color developed Jﬂ the carbazcle reactlon lncreases llnearly
. with the increase in the concentratlon of the gel in thev
solution (Plgure u)‘ The range of the potato starch gel
concentrations, within which the I1near1ty ex1sts, is 0.0-
0;0365'(v/v{.

\

-

 The 1nten31ty of the color developed by D~
galacturonlc acid also 1ncreases llnearly with the increase

_1n its: concentratloni(O 05% w/v) in the SOlUthﬂ (Flgure Q).

When starch gel and D- galacturonlc acid solut1ons
vere conblned 1n approprlate ratlos so that nelther starch
' gel nor D-galacturonlc acid concentratlon in the mlxture
.exceeds 0 0365 and 0. 05% respect1vely, the intensity of the
~color developed by the mixture in the carbazole reaction
also ‘increases linearly. The color 1nten51ty of the l1xture
in all cases is eguivalent to the conb1nat10n of the color
developed by the pure starch gel at the concentratlon added
~and Qhat by the pure ‘D-galacturonic acid added. Thus it can

be concluded that at low concentratlons of starch in the
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extract the effect of the starch 1n.the color developnent

reactlon is add1t1ve.u

At hlgh starch concentratlons (0.1% H/v), the
1nten51ty of the color developed by the starch departs fron
‘11near1ty vhile that by pure D- galacturonlc acid remains
llnearv(Plgure 5). Ihough the color 1nten51ty qf the n1xture
of the gel and the ac1d appears to be llnear, the correctlon
curve constructed for thls region of starcﬁ concentratlons
(Region b, Plgure 6) . houever, does not shou llnearxty as 1n
dreglon a, hence 1ts usefulness for the correctlon 1s |
‘doubtful. It 1s thus 1nperat1ve that the starch |
concentratlon 1n the pectlc substances extract, as measured .
in teras of its Blue Value Index, aust be kept u1th1n the
llnear region of the correctlon curve. It vas found thats
with the pr0posed extraction lethod ‘the starch |
_concentratlons in both vater—coluble and’ Calgon-scluhle
fractlons were ulthln this deslred range. It vas not found
p0551b1e to keep the starch concentratlon suff1c1ent1y lov
when the potato res1due vas extracted further with HC1
solutlon as done by Bettelhell and Sterl1ng (1955). Th1s lay

\
'be due to the fact that HCl readlly hydrolyses potato cell
wall whlch norually keeps the gelled starch 1ntact thhln

its houndary. thus Bore of the starch is dlssolved 1nto the

extract. In fact on evety occa&adﬁ uhen attenpts were lade

. to- 1nvestlgate the Hcl—soluble fract1on, the extract had to

be dlluted several tlles before the 1nten51ty of the- bluev
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color nas snfficiently lov for thevcolorimetric measurement.
Purthernore; vhen this fraction was aJaleed‘without-
dilution for its carbazole valne; the anten51ty of the color
‘developed vas . too hlgh to beb;easured vith reason;tle

' accuracy. This extrele 1nten51ty was thought to be due to
the exces51ve1y hlgh concentratzon of the starch rather than
'the pectlc substances thCh may or nay not, in fact be.

present in the extract.

/

It is' apparent from Tables 7 and 8 that U1thout
vthe correctlon for starch interference, the results of the.
uronide contents in the-extracts'vonld have been too high in
most cases, and the reproduc1b111ty of the analyses would_

have been poor.
2. gegtig_sgbstgnges in ;ay Qotatggs_

The pectlc substances of rav potatoes are shown in
Table 9 along uzth pectlc suhstances for cooked and for
drled potatoes. !he pectlc substances of raw. potatces in
both uater~soluble and Calgon-soluble fractlons are
surprlslngly lou. This may suggest that pectlc substances in
1Netted Gen potatoes used in this experlnent are nalnly 1n
tlghtly bounad torns. The uater—soluble pectln appears to be
higher. than the Calgon-soluble pectin. This is contrary to
those reported hy Eettelhe1- and Sterllng (1955) for the
 same varxety of potatoes. The conbxned anounts of these
_fractlons are, hovever, conparable. The faet that the

quantity of pectac substances extracted by Calgon solutlon
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o~ :

is lov and the "apparent tétsl" obtalned fro- raw potatoes
is much lower than that frcl cooked ;otatoes and the
granules may suggest, that scst of the uatervlnsoluhle pectic
substances in the Netted Gen potatoes are not bound. toge&ber
by neta:l‘Z ions such as Cat+ hut 1nstead are bound by other
stronger bonds as. uell as by physical enleshlng of the

© polymers in ce11u1051c fibeks of‘ﬁéfijuells. These bonds
caunot be‘broken ox veakened simply by the sequestering and
hydroly51nq actlonc of the ac;dlfled Calgonusolutlon used ia
the extraction. B1gher energy such as heat in cooking amay .
have to be supp11ed to dlsrupt these bonds'betore the

extraction with Calgon solution can be effective.

3. gectiCISQbstAnces iy _cooked potatoes

”'fgkerssoluble pectlc substances‘are'lnoreased six
fold while the Calgon~soluble fractlon is 1ncreased three
fold by cooklng. Ccoklng may thUs be the uost effectlve

blethod to ueaken ot dlssolve a la]or part of the cell uall
blndlng -aterlals An vegetahles sach as potatoes. Ce11
separatlon can he €asily accoupllshed aftet cooklng.
Dlsruptlon of the cell vall durlng cell separatlon lS
'av01ded partly because part of the pectlc sutstances not

,irendered uater soluble by cooklng. 1 e. the Calgon-soluble
fractlon st1ll gzves strength and f1e11b111ty to the |
cellulose fitres ‘which forl the main strnctute of the cell

“fvall. The "apparent total" pectlc substances ottalned from

the cooked Retted Gen potatces 1s 1.45% dry ha51s as

i
“ 2l
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' B
compared with 0.7-1.5% dry Ltasis reported by Potter and
ficComb (1957), and 2.4~3, 9$ dry basis reported by Hof f and -
Cqstro (1969). This suggests that Netted Geam pPotatoes groun
in SOuthern Alherta contain average a-ounts of pectlc

substances, and that after cooklng a lajor portion of thea

is rendered uater-soluble, whilje most' or a11 -cf the

_ remaining-pectlc material 1s in Calgon—solnhle for- and is

- hence avallable to- add strength to the cell wall.

]

It may be possxole te vary the ratlo hetueen N
vater-soluble and Calgon~scluhle fractlons in cooked

potatoes by the cooklng method used In uater-cooklng, nost

- of the vater‘soluble pect;c substances nay be lost in-the

- cooking uater. The temperature and length of time enployed

in cooklng undoubtedly deterl1ne the extent to thch the

: pectlc substances change. It may. thuc be posslble, as far as.

pectlc substances are concerned to flnd OptIIUI cooking

conditions wvhereby an optlnun alount of pect1c cubstances is

rendered uater~soluble, and yet suff;clent water-lnsoluble

,portlon 1s retalned to .mairtain the laxllul strength of the

' cooked cell Hall to wlthstand subsequent nechan1ca1 forces

in mashing and grannlatlon steps of granule productlon. uore
work ‘is needed, hovever, béfore such conditions can be

determined.

4, ggggig.substanges in potato.granules B

As expected, there is.littleﬂéhenge during the'
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subsequent stages cf process;ug in as far askapparentwtotal
‘-pect1c suhstances ‘are concerned This reflects the fa!% that
the a-ountsipf both waterssoluble and Calgon- soluble pectlc"
substances of potato granules remain alnost the same as they
were . in the freshly cooked Fotatoes (Table 9). Thls is
partlcularly t e as steal-cook1ng is used, and no loss
through "drlps“ or "expressed juice® occurs\\n the
subsequent procesS1ng Steps. . . . D
o
II.  EFFECTS OF TEH,E-QTQRE QF cookED porarczs
' ou THEIR_FIRMNESS

K

N

1. n1u1n1z; ng_the varlatlon vlth;“

v

cn cooked potatoes (Tables 10 and 11)“%

.iu'agreéieut..ith thcse reported by Voisey. et al. (1969) e
vhich showed that flrnness of potatoes varles uldely among
dszerent parts of a tuber. It appears, houever, that . ;’b<
’careful selectlon of -~ sanple tubers for similar size and.
shape and the effects of \ng have reduced the varlatlon
of the flrlness v1th1n tuber sonewhat "For . the compre551on
test, salples taken around tbe n1dd1e part- glve results_

Uthh are in Leasonably clcse agreenent The~tuo lowest~"

»

values (P1¢hre 12, poSitlonc 6 and 10) vere rather closer to.‘ '

~the edge ‘of the tnher thau the cther samples. This* may

,1nd1cate that the conpre331ve strength is lover near the'
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| G
; 3
i E
_Table 10. Results of the Table 11. Results of the
trial®compression - © ot trial puncture
tests. ;o ~ tests.

Location Force at breaking : Location Relative area

point, gm . onder curve
1 _f 769 IR R &
2 125 2 s
1§II~  . 730 ] 3 62
y 823 e 60
f5.- . -~ Jug 5 ud
6 559 | 6 lsé
7 AT 7 T
‘8”, Bu6 ,é;, 8 65:'
9 - BE3L 9 .70
"0 045 '_ 10 . 56 |
Average ,J-ﬂ 7e9.7 EE T 72 //‘
: E s ) St . . 12 - ’ “3 ‘{j
13 | 7
I o ‘,f'is
15 . s0
Avétage: - 61,1
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outside of the potatoes vhere. the amount of cooking is

o

greatest.

For puncture'test however, no definite pattern
could be draun. Thus, ina the suhseguent puncture tests. 1t
was dec1ded that the tests should be performed along or

_parallel to the longitudinai ax1s of the tuber.

Further atteupts ‘were. -ade to reduce the varlatlon
¥

'“; 'betveen tubers. Thls was_ acconpllshed by the fact that,

vhere p0551b1e, the same tuber\uas used for the neasurenents

over the uhole range of telperaturec startlng from hlghest

to Iovest Hence, ‘any variation 1n the results that 1s not

‘due to the change in tenperature Vlll be due only to the

»

varlatlon vithin the tuber 1tse1f vhlch can te kept to a

ainimum if approprlate parts of the tuber are chosen for the

1 e

:tests,

I , 2 E;jects of ten; ; ture and free21ng and

thaulng on flr-ness of cooked potatoes and

on percentage_of htoken cells after mashing R

3wg

. The results of the puncture and conpres<1on tests

at varlous\te-peratures of cooked potatoes are shown 1n’
Table 12. It is apparent that telperature has a prcrou;d
effect on the strength of cobked potato tlssue as measured _
‘:'ﬁby both tests. Prgures 23 and 24, 1n thCh conpresslve forces
(loqf and relatlve area (log) for puncture test, A

_respect1Vely, are plotted agalnst tenperature of the cooked
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POTATO TEMPERATURE CHREE

. . - 3 .
: : ' ' m’
Fleure 23, Effect of . temperature on flrnness of cooked

potatoes as measured hy comnresslon test
‘using - a texturometer wlth a flat-surface
jnlunger compresslnr a cyllndrlcal sample on

a toad cely. ’
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'RELATIVE AREA

POTATO .TE"MPERATUR-E.I-"’C

Flyure 24, Effect of temperature on Flrmness of cooked_
/
potatoes as’ measured by puncture test uslnz
- a texturometer wlth a cyilndrlcal prohe

pushing lnto a sample on. a load cell,
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potatoes belng neasnred shcw that fir-ness offthe intact
tlssue increases lcggﬁithnlcally vith the decreasing
tenperature. This means that. strength of the tlQSUe:\
decreases Hlth 1ncrease in tenperature. Thls, in turn;A-eans

° that at hlgher tenperatures, less force 1s needed to nash

‘ the potatoes. Thls may be due to the fact that at high
tenperature the chemlcal bonds in the gel network both
1n51de and outside the cells are ueakened by the ‘heat.

»energgp As the tenyerature of the. cooked potatoes drops the
re81stance to cell separat1cn 1ncreases as the.gel starts to -
set and hence the binding forces between cell walls becone
stronger. Th1s is expected to result in tearlng or rupturlng

af the cell ualls in lany cases permitting the cell

contents, uhlch aremessent1ally gelatlnlzed starch, to

escape. To ccnflzﬁhthls, deterilnatlonc uere made of
e percentage of cells broken at varlous nashlng tenperatures,
& and .the results are shovn ip Table 13 The percentage of

broken cells 1ncreases very rapldly as the nasthg

tenperature is reduced.

4 o .
', Hhen the cooked potatoes vere frozen and thawed,
the force needed to puncture oraconpress the tlssue was:

,~»aga1nxrednced. At 5°C ‘vhere the frozen potatoes vere |
conpletely thaued the force needed vas 51nllar to’ that with
a temperature of 80°C.»Th1s may be due to the fact that

while the amcunts of the cell b1nd1ng naterlal vhich

con51sts essentlally of pectlc substances and extracellular
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»'Table'13. Percentaqe hroken éells in cooked
potatoes mashed at‘yariOQS‘

temperatures.

| Tehpérature at maéhinq,‘°c o . % Broken ceils

After copking; = edg_. e | Ty 26T

| soo : 12,45
259 o ‘ - 31.89
100 o | us,;.783

lAfter freeZing; "0° (parfidlly_thaved) © . 5.00
| | v1b° (combletely_thawed)- : ‘.2;20
;vgoo (reheated) - i 2.50

* 25° (recooled) EE 18.50

4% The samples ue;é‘sliéhtly,ddrkened after rebeatinq;'
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starch gel, were similar in both 1nstances. at 80°C the
for-atlon of ‘strong - bonds in the gel. netuork uas prevented
by hrgh heat energy. nhereas, after/freezleg and uxng the
1 najor proportlon of the starch gef vasbﬂbrced to retrograde
(French, 1950) and aost other bonds in the gel netuork vere
destroyed by ice crystals. When the thaued potatoes were
reheated to 759C the force requlred was decreased even
'further to lover thau either that at 80°C or that at S°c.
'_Ihls lay be because the bonds in thé%?etuork of the Cell
vblhdlhg later1a1 btcken durlng the freeze-thau treatment
vere unable to refora, vhile the nnbroken ones were veakenedh
ffutther by the 1ncreased heat energy. Reheatlng of the .
potatoes. howevar, uas accolpanled by the after-cooklng
darken1ng uhlch is the result of the chenlcal reaction
’ betveen letalllc 1ons, partlcularly ngjﬂfth phenolic
"conpounds snch as chlorogenlc ac1d (Hawklns et al., 1959.
Sllth, 1958 ﬂughes et al., 1962. Hughes and SHale 1962;
Buqhes and-Evansi 1967 15€5) . When the reheated potatoes
vere agaln cooled to 25°C the fltlness again increased, but
not to the same levels as observed V1th the sanpleg)wlthout

‘freezlng and thaulng.

This,phenouenon'has'a directdbearingionﬁthe
success of the Frocess at the granulatlon step. Durlng pre-}
-drying, prior to granulatlon, the frozen and thaued nashed
potatoes are reheated. The te-per&ture of the potatoes
durrng qranulatron vas usuelly sllghtly lover tban room

tenperature (atout 25°C). It vas found that if the potatoes~-
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4ps, it wvas.very

N Y
"% tnexgéél
6},

with the result that excessive danage to the potato cells

. occnrred‘ Broken cell counts. are not reported as the nulber

‘'of cells broken vas so great as}fg make a cell count

meaningless. With the 1ntrcduct1on ofﬁ;he freezing and

thaving step, honever, th1< difficulty is. ovetccne-

Furthernore. the telperature oﬁ the potatoes during pre-

' ';drylng and granulat1on steps does not usually rise amuch

hlghor than roca te-petature _and is not.suff1c1ent to cause

after-cooklt? qarkenlng.

It shonld be noted, houever, that if the frozen .

‘potatgfs vere Rot - conpletely thaved before lashlng, the'

potatoes snstalned c1gn1f1cant damage - fron the lechanlcal
] S
forces resultxng in a h1gher percentage of broken cells than

if they had been co.pletely thaved (Table 13). thls is

’concelvably due to the fact that the potato cells are bound

together uxth 1ce thch, on nachlng, the r1gzd cells nay be'_

- broken rather than separated as 1n the case of conpletely :

thaued potatoes- Llso. the rigid ice crystals ‘may da-age the

76113 ‘ol llpaCt during mashing. Thls observat1on is 1n

contrast ulth the process1ng lethod patented hy R1voche

(19513. 1951b) in uhlch the frozen potatoes vere first
reduced to a spow mist  in a haller »ill prlor tossptay

drying. The hlgh ptoportlon of damaged cells in the granules
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produced Hlth that lethod may attr1bnte to the fact that the
4

technlgue has never been usgd: connerc;ally.

2y When correlaticn coefficients ueré calculatod
dlrectly froms the values obtained from the experiwent, that
) of . the conpre551on test vs telpetature is 51gn1tlcant at 1!
" level. The correlatlon coeff1c1ents of the puncture test vs
conpre531on test % Lroken cell vs puncture test, and X
broken cell vs ccnpressxon test are 51gn1f1cant at the 5%
1eve1 Uhlle thecse of the pnnctnte test ws te-perature. and
% broken cell VS temperatare are not 31gn1f1cant (Table 14).
Houever, vhen logarlthnlc values of the colpresclon and
puncture tests and of the ® krcken cell uere'calcnlated
(Table 15) and plotted aga1nst tenpetature (FlgureQ 23, 2u
and 2£) better correlations were obtalned . The correlatlon
_coeff1c1ent of % broken cell vs telperature also becomes"
significant at ar level. This angests, as prev1ously
v'-entloned that ‘both flrlness and ! hroken cell 1ncrease in
logatlthllc fa=h1on u1th the decrease in tenperature. The
_resnlts also Confltl the Treport of VOlSey and covorkers
(1969) that elther simple puncture test or co-presclon test
.‘cqﬁ be used to leasnte the firmness of potato tlssue. The

results fro- the ptesent experiment seem to suggest.’

4

S

evalnat1ng the strength of the cooked potajp@gl This is due
to its soneuhat Lketter reptodnc1b111ty d higher |
correlations it glves Ulth potato tenp atute'and perCentage

‘broken cells.

houever, that colpte551on test 1s sonevhat more su1table for‘.'
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Figure 25.

8

Lo B

 BROKEN CELL, %
o

o -

2 ~m -

Effect of mashlng temperature on percentare

' of broken cells.

KltchenAId meer. Broken cells were counted

°

.-

*

40 60 " 80

o MASH"'ING TEMPERATURE."C

The cooked potatoes were'

' mashed for bS seconds at top speed In

under mlcroscope at 100x.

Py

187

P
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_Hashlng should not be unmecessarlly prolonged as th1s u1ll :

_space.

148

It would therefore&apsear that for successful
mashlng, the cooked potatoes must be mashed at. h1gh
tenperatures, preferably not 1ower than 70°cC, u51ng a
relatlvely high speed mixer for an approprlate length of
tlne so that the pFotato cells are completely separated 1nto

)

small units of single cell cr aggregates of a few cells. “

also dalage the cells as they are subjected to repeated

tconpre551ve and shearlng stresses vhile thelr temperature is

fgradually decrea51ng.hHeat loss througb evaporatlon should

Ay

be reduced as such as p0551b1e by mashlng 1n an enclosed

e

It uould also appear that freezing and thawlng 1s
a necessary step 1n the proposed process1ng technlque. as it
further reduces the force necessary ﬁor the separatlon of

the cells to a value louer than any other method It makes

possxble pre-drylng of the mash at an elevated temperature

in a <t1rred bed dryer,'and granulatlon at room temperature

or louer ‘with 11ttle damage to the potato cells.

III. EFFECTS_OF_SURFACTANTS ON_POTATO_STARCH GEL -

1. Effects_of_ surfactants on pure anyldse ‘

Results in Table 16 and Flgure 26 are 1n agreement ﬁ?

with OSman et _;. (1961) who showed that a surfactant

freduces 1od1ne afflnlty of anylose to a llnluum value beyond

- o
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X

of free amylose by Hyvatex.'

. % Myvatex in

0.01 %;amyloée,soln.“

0.000
Ca 1‘_, f.‘\ '0'001f—
' 0. 002
0.003
'rfﬁ;pos
0.007
o.oid
.vo;ozb-
0.030

© 0 c.050

R .

iodinchbmplex atv6d0 nm.

R
v

Absorbance,

L
640 nm

0.2820

0.2740

oy

‘Table 16. Feduction of Blue Value Index (BVI)*

th

.O. 2665 --”" ’

0.2590

0. 2390

0.2260

0.2175

0.1705

0.1770

“0.1510°

&

.* Blue value Index is the absortance reading of starch- -
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ﬁ}ch it could ke reduced nc futther

"surfactant. Figure 26 shows that nyvatex can reduce the

‘iodine afflnlty of alylose in dlrect proportlon tb 1ts

concentratlon in the solut1cn, qntll the concentratlon
incgeases to about 0.0075% when the’ effect starts to 1eve1

off. The abscrhance of the colcer co-plex appears to reach ,

its ninlnnn at ahont 0.05% uyvatex. At these relatlvely hlgh
'concentratlons of uyvatex the neasnrelent of the absorbance

‘becones dlfflcult dne to the 1ncrea51ng Opac1ty of the - ¢

solutlon as a result of nlcelle fornatlon by the surfactant.—

oy

2. Effects of surfactants on starch qel in . ~

' cooked, -ashed potatoes

o,

Tables 17 and 18, and Figures 27 and 28 shov the
effeets of uyvatex (a blend of glycerol uonostearate (GHS)
and propylene glycol lonostearate (PGMS) with approxllately_
20% by uelght of hydrogenated vegetable 011) and ﬂyverol

(dlstllled ncnoglycerldes (essent1a11y GNS) . nade from lard)

as starch conplexers in lashed potatoes. The reductlon of

the absorhance is allost lipearly proport1ona1 to: the

, 1ncrease of surfactant concentraklons ap to a certaln l vel,

after uhlch no further reduct1on is apparent. In the case of |
'

uyverql’vhouever, there is a CUIlOUS and as yet unexplalned
51tuat10n uherety\at the lov concentratlons of 0 OS% for the
sanples analysed 1lned1ate1y after. nashlnq and after |
chllllng to 42°P, and of .0. 051 and 0. 1$ for the salples

analysed after free21ng and thaulng, their absorbance
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~6~—~a——s after mashing

 4———— cooled to 42°F

Az~ after freeze-thaw

A+

"1" L —

0 o2 10

MYVATEX %o
i Fl?ure 27. Effects of Myvatex on Riue Vague Index (RVI)

| of starch In cooked mashed potatoes. The %Vl"
.kls the absorbance readlnz at 640 nm of the

g‘,’)‘ .
starch- lodlne complex.; '
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~exceeds that of the sample torvhich no Myverol was added
(Fiqure 28) . Its behavior at higher concentraticns,

-nevertheless, is essentially the same as that cf‘nyvatex.

It is 1nterest1ng tc note that Hyvatex vhich is a
;:blend of glycerol lonostearate (GHS), propylene glycol
hunonostearate (PGBS) and hydrogenated vegetable oil appears-
to ;e ~more effectlve as a. starch conplexer 1n mashed
potatoes than Hyverol which COnSlstS essentially of GMsS.
Plgures 2ﬂvand ¢8 shov that the cptluun concentratlon of
Hyvatex to produce mlnlnuu atSOrbance is 0.2% uhere as that
of uyverolpls about 0. 3%. Purthermore. the mlnlmum
absorbancellnduced by uyvatex appears to be somewhat lover
than that by uyvercl thch may cuggest that Hyvatex can
' conplex starch lnflashed potatoes nore completely. This may
be due.to the conblned effects of GHNS and PGHS 1n uyvatex.
p It has been shoun (Blrnbaun, 1955 1971~ uacDonald, 1968)
sthat a -ultl-COlponent el0151f1er systel performs tetter
than any of 1ts 1nd1V1dua1 components even though the
“hydrophlllc lypophyllc halance (HLB) value is the same for
each systel. Thls lay be“ﬂue to :he formatlon cf stronger-
'surface fllls slnce seueral surfactants nay f1t together
'-ore 1nt1.ate1y tecause of thelr structural conflguratlons
T_and foru a lore closely packed protectlve layer ‘on the

: surfaces, v1th fewer 1nterst1t1al voids- than 51ngle

.‘c0lponent systels. Blrnbauu (1971) stated further that

.tco-blned surfactants also lover the concentratlcn requlred'



}157
SR ‘/’ -

to achjeve critical lrcelle concentratlon (CHC) as conpared

‘to a single surfactant spec1es. This. lay acconnt for the

fact that less Hyvatex 1s needed -to achleve the Ilnllul

ahsorhance than uyverol

When thé'-ashéa éoratOes vere cooled to ‘below room
temperature, e;fg u¢°F the atsorbance af the control was
consrderably rednced Thls is equ;valent to the condltlonlng
or tenperlng e;fect in the add hack process ae repcrted by

Olson\and Harrlngton (1955), in vh;ch the stﬁrch gel vhlch
has not been co-plexed by Qurfactants undergoes
retrogradatlon. The samples vlth surfactants adqed, hovever,
'show no apprec1ab1e dlfference in thelr absortance at ‘this
r}tenperature frcn that at h1gher teuperatnres- ThlS 1s almost
J certainly because the -a]or r:rtlon of the released starch
gel vhlch shonld have been avallable for retrcgradatlon
process at u2°r was co-plexed by the surfacﬁants 1eav1ng
very little: or none to retrograde at that partlcular

tenperature, tc furtber reduce the absorbance. R

. N
, Hhen*thé»lashed potatdes vere frOZen and thaved

»hOHever; the relatlvely Statle starch gel thCh has not beenl
‘conplexed nor retrograded uas forced to retrograde by the
freezing: proces Ib1s IS 1n accord wvith the obcervat1on
.. made Ly Prench (19“0). Flgnres 27 and 28 shou that even"
though the atsorbance is reduced consxderably hy freezlng

and thaulng alcne,'as 1n the case of the control, the effect

. is even greater vith the addltlon of surfactants. It would
. e ' :

B ,ur'u
’ MR
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at the use of surfactants is necessary in
the freeze-thav ptooess to reduce the amount of free starch
bto a minimunm value, and so oake it possible to Froduce high
quality potato granules using a direct process. #ith the.
freeze~thau'proceSS the required levels of surfactants are

wvell telow the flaver threshold.

t

The above phenomenon is supported further by the
data of Table 19 vhich sho¥s that graunles prccessed wvithout
surfactants added elhlblt Ruch higher blue value index (BVI)'
than those vith surfactantQ added. It was found in the
course of these stndles that no acceptable granules could be
produced, with the proposed direct process, v1thout the - a1d
. of freezlng and thaulng even wvhen surfactants were added.
The lashed potatoec vithout freezxng and thau1ng cculd not
be pre-drled vithout causing extensjive cell damage after
'thch 1t was al.ost 1np0351fle to granulate theu tc flne
povder, Sone fxne powder was produced ulthout fre621ng and -
.thayipg, but on reconstitution the ;roduct‘uas €0 gluey as

to be entirely unacceptable as a'iashed potato product.'

As can be seen frea the results in Table 19, the
-BVI of the granules processed with surfactants 1s sllghtly

1ouer than that of the connercxal flakes. The BVI cf the
commercial granules is much lower than that of other ‘
products._This is‘presu-ably due to the . fact that_apartbfrod
containing high,aioonts of surfactants and seVerel other -

| ,food additives cuch as vegetable fat, art1f1c1al flavors,

,'and pepper, the partlcular con-ercial granules also cdntain,
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Table 19. Blue Value Index (BVI) of potato granuies
' it .

and flakes.

Sample o |  Absorbance, 640 nm
Wet Basis - Dry Basis

Granules'proCOSséd without surfactants 0.1180 0.1232

LY

h Cranulee processed uxth surfactants 0.04a0 0.0460 -
%h Commercial granulecr —_— 0.0150 - 0.0160

Commercial flakes T o 0.0460 0.0497
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considerable amounts of powdered skim milk, the coabined
v . .
amounts of which reduce the proportion of potatoc granules in

the product aprreciably.

/e

The surfactents also have a significaht effect on
the texture,ef the reconstifuted product. The textnie panel,~/”’/
the details of which are discussed in Section-C. VII. 1-,
rated the overail characteristics after reconst1tut10n of
the granules Prcces <ed U1th surfactante, u51ng_the proposed

techniqde;'comparahle or slightly better than those of the

commercial granules and flakes used in the tests.

It vouldrappear from these experinenfs thet the
use of sutfactants 51gn1f1cantly 1nproves the quality of the
product and it is therefore reconnended that they be used .
in any process using the freeze~thav technlque. Hyvatex
seems to be superlor to Hyverol for this purpoce .and is
easier to handle as, 1t is in granulat rather than a pasty.
form. It can be added to the potatoes while being nashed‘aé
the heat from the cooked pctatoes is suff1c1ent to melt it
down so that 1t can be thoroughly mixed Hlth the potatoe\.
The level of uyvatex used should be at least 0. 2% kased on
cooked potato uelght Exce551ve amounts of the curfactant,
hovever, are not useful and in fact,vcandlead to an’ )

"unde51rable "soapy"_flavor in the product.

Iv. bEFFECTS OF _SURFACTANTS ON PECTIC_SUBSTANCES
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Hhen surfactants were added to a clear pectin
solutlon it becones opague. The opac1ty 1ncreases ulth the
1ncrea51ng concentratlon of the surfactants. Th1s cloudiness
may be attrlbuted to the precrpltatlon of pectln by the
surfactants at low concentratlons in 51-11ar Ranner, to
preC1p1tat10n of amylose: by surfactantc at hlghepmpvv'
surfactant concentratlons, the opac1ty may be attrlbuted to
both the precrp1tat1on of pectln nolecules as uell as the
formatlon of mlcelles by the surfactant molecules |
themselves. Blrnhauu (1971) reported that there is a'“
crltlcal mlcelle concentratlon (CKcC) for a surfactant in an’
agueous solution at which micelles start to form. He uas of
oplnlon that at very lou concentratzons the surfactants are
present in the aqueous phase as slngle nolecules ls.the
concentratlon is. 1ncreased the surfactants nolecules can

S

v1thdrav their llpophlllc groups fro- aqueous environment by

adsorptlon as an orlented lonolayer, or'by forming licelles.'

At still h;gher concentrations, the surfactants forn llquuli
.crystalllne mesophases or dlspersrons. Hhen the
concentratlons are bhigh enough as in the cases of 0.5% .
Myvatex and hlgher (Tahle 20),‘and 0 05% Myverol and hxgher
(Table 21) the micelles coale5ce and form large globules
most of which float to. the top of the solution.’

The viscosity of pectln solutlon decreases vith

the 1ncrease in curfactant concentration until a llnlIUI is

reached after uhlch further addition . of the surfactants has

no effect or, in IOSt\ casés, J.ncreases the GVISCOSl'ty
¢ . . N : : : kO IR B

.
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‘

(Pigures'29; 3b,,33, and‘3u). The decrease of'the solution

v1sc051ty at lcv surfactant concentrations may be explalned

]

that since the Fectin nolecule is a linear chain AFf
galacturonlc ac1ds llnked tcgether by «1,4 llnkages, as in

amylose cha;ns there glucose units are 51l11arly linked, it
- t

1Q 'possible that the pectin cha1n With certain amounts of

'methylatlon can form comgplexes u1th nonoglycerlae This say

‘be accompllshed Ly the linear chain rearranglno 1t¢elf 1nto

fﬂytlon envelOFlng‘the ncnoglycerlde

JIthe clatkrates formed betneen aly105§j

>

chaln and surfactants The formatlon of the co-plex,,

however, may be far frca cenplete due to _strcng polazlty

f

‘exerted by the cartoxyl groups 1n tke pectln chaln uh1ch

R

L€

.

tend to repulse each other. Hence,.degree of lethylatlon of

the carboxyl group= may be very inportant in such ‘a: cate

‘The hlgher the degxee of methylatlon the nore 1nt1!ate the

nelghborlng galacturon1de nC1et1es can ccne togetber to form
a hellcal structure. The. 1on1c nature of the;curfactantQ nay”'

R

also ulay an lnportant role in the conplex Forlatlcn.. s

\f-r.

-y ’ [ ; . Lo *
; : 5 . .

v
n
'
'

If suéh Colplexes are fornéd the pectln chalns
would be at- least partlally vithdrawn- fton the cel netucrk

resultlng in the decrease in the colutlon ‘lSCOSlty. Ihe

mounts of the ccmplexes uculd increase Hlth the 1ncrea<1ng

concentration of the surfactant< until the sﬁ%uratlon pclnt
is reached after ublch the v1scos1ty of the tlxture vould

gain increase due to the fcrmation of the micelles and

/ Sy
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globules by the extra amounts of the surfactants. The
hypothe51s that the 1ucreased solutlou v1scos1ty is
contrlbuted by tue excessAVf anounts'of the surfactants is
further supported by the ev1dence obtalned from peasyring-

- the v1scos1ty of the surfactants 1spersed in d1st111ed
uaterQ The data presented in Taﬁies 22 and 23, and Plgures_"
--31 ana 32 show that both Hyvatex and UYVerol cause the
v1scos1t1es of the dlspersrons to be greater than that of
d1st111ed water, partlcularly at hlgh concentratlons.
Further uork pos51h{y us1ug experlnental
»technlgues such as X-ray dlffractlon is neces ary to-

ascertaln uhether cr not'pectlns d0~forn co-plexes vith

surfactants. PGCtlDS of varylng degree of lethylat1ou should

,,.‘.9

s

" be used to determlne vhether the nunber and- spac1ng of Y
”unprotected carhoxyl Jroups are,, in fact, the factors

limiting the extent of the conplex fornatlou.)
- e | -l‘

For practlcal pur;oses in productlon of potato

,‘“granules, 1t S uld be noted then that the" surfactants uotv

R

€ sticklness exerted bx,the starch fractlon,}'

o . SNE O
but they alsé reduce the strength Bf the Pectin gel’ 1n the

{

only réduce f

nashed potato matrlx thch 1s fcrle% after cooklng anﬂ

"i

o nashlng. Thus, the separatlon of the cooked potato cells

-

durlng pre-drylng and granulatlon can be acconpllshed even ,

more easily hecausetoﬁ th;s extra function qf the‘ )

-~ surfactants.

It is interesting to’ note a\soZt ap, contrary to

N
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ﬁTémp.'
o
78.5

" 74,0

" 65.0

02000

o

Yisctéﬁ Temp,

cp

0.826
0.950

p.855

0.920

0.935

0,955,
1.000

ﬁ1.080'

O~

-«

82-¢
76-%  “Bis30
2,030

73.0

62.%5

'57g0

53.2

. 46.C

. 43.5

9595

39.0 -

~

% Myvatex

02840
0. 845
2 t-
‘nb(':ﬁa

0.870

0.880

1 0.925
:Q.dQO‘
 $.580
1.024
1&;6u07n
"]];bﬁox

1,090

1,175

" 0.920

- 50.5" .

44,0 -

500

35.5

2806

L

52,

8110

76-0 .
75-5ﬁ
71.5

. 68.0

62.5

59.8

. 49,0
L41.S
. 35.0

30.2

[}

. Table 22. Viscosity of Myvatex dispersed in water.

168,



0.000

Temp. Visc,
oc 7¢p3

78.5 -0.820
75,0 0.850
65.0 0.855
52.5  0.935

u3.s 0.945_ '
47.2  0.970
37.8 © 1.000

32.2 1.045
“31.8 - 1.080
- 26.5  1.130
1.145

Fra-

Table 23

25.0

Terp

OC—

78.3
70.0

63.8

41.0

- 36.6
34.8
32.2
Z
"31.2

% Myverol
0.02 ¢
; ‘Visc. . Temp
cp oC
0.770 7656
0.820  64.8
0.825  s55.0
0.870  us.6
0.920  u3.C
0.970 38.6
:1.ouo 135;8V
1.040 - 33.8
1.050° 393
“1.060  31.8
‘ 26.8

o20.3

1.07¢C -

0.05%
- Qisc.
cp
0.840
0.8450
- 0.895
0.955

b.9gs

10023 .

12099
1.105.

1.155

Cre

1.070

1.080

¢ .

Tenp
°c

83.0

. 80.8

76.9

73.8

72.0

67.0
57.0

d3u,5

30.8

30.8

. Viscosity of Kyverol dispersed in water.

O.. 20%x .
- ViSC.

cp

169

0.835 .

- 0.830

4 0.840

0.860

0.875
0.890
0.940

1.075

1.740

1.180

1.195

«

% Somp Hyvvrol CoalPSCed and separdted out Jhﬁn cooleds
. . é{\‘ ‘

; . % Host of nyverol coalesced and floated %ﬁathe top when

' cooled.

-

&

v

" the spindle vhen tte V15C0$1t

B

y ‘was belnq measured

Sometxmes 1t badly 1n*or£ered thh tha vxqc051ty
' moagurcment at low temperatures. Gpec1al care vas taken

S0 that thn nyvorol glohures d1d not come in COntact with

3
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Flgure 3} Effect oF Wyvatex concentration on vlscosltv )

of pectin solutiqn at various temperatures.
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what has been shcown in the case of starch !yvercl appears
to be Bore effective as a Fectin complexer, as a lcver
quantity is needed to give a 1over -101-u- _Viscosity in
pectin solution than does Hyvatex (Figures 33 and 34) . This
may be due to the dlfferenoes in HLB as well as in molecular

-

size and configuration.

Tkﬂse.data would suggest that it nay be
appropriate to use a mixture of a Riniman of 0 2% Hyvatex
and a minimur of 0.0S5% ayverol oased on cooked potato
veight, as a mere effectlve ccublnatlon of curfactants in
potato granule PIOdUCthD, than o.zx Myvatex alone,

V. ESTIMATICN OF SURFACE_HEAT TRANSFER COEFFICIENTS IN

ALR=BLAST FREEZING CF_CCCKED, -MASHED PCTATOES

‘The phy51cal property data used 1n the free21ug
‘rate experlnents are shown in- Table 24 The free21ng poxnt,
agr:és,ylth that of Anderscn (1959) but the dGDC1ty of .the
masbed potatoec 1s sllghtly greater than t%g den51t;rof raw
, ‘ potatoes on uhlch his neaeutelents are based.gThe ther-al

4c0nduct1v1ty data and the latent heat are calculated frona

the’ equatlonc g1ven Ly Earle (1966).

fahle 25 and Figure 35 show that the surface heat.

vi;\transfer coeff1c1ent (hs) of mashed potatoes 1¢ lower for

larger cubes ‘than it is for slaller cubes. Extrapolatlon of

the Hs vs 51ze draph to suall cubes glves hs = 6.27 Btu/ftz“

N
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h O}f’and~a'freeﬂing‘tine of'only_about S'Ei?Etes for a 1/4
-'cu in cube. © ' | -

‘.
o 4.

?t "n > . .
If the surface J%at transfer coeff1c1ent< observed
*

,gn these experJlentsﬁcan be usea as approx1mate values ¢#for

L

other shapes of lashéd potatoes under 51m11ar condltlons,
thenaapproxluate freezlng tlnes can be calculated.'Fon
exalple,‘a layer of lashed potatoes 174 1in thlch will take -
'approxxnately 18 nlnutes to freeZe, ulth the surface heat
_transfer coeff1c1e}t belng the . factor controlllng the rate
"~ of freezlnégrather than conductlon of heat fron the
advanc1ng ice face through the layer of frozep naterlal to
‘the surface. ;» _ o S ‘L‘

- ) ‘, f T '

Purther data will of course ke quired for‘

detailed des1gn of a freez1ng sSystem; g’if

. s
calculated fro- these experlnents do lndlcate that a

ree21ng tlnes
contlnuous belt in a blast freezer tunnel is prcktatly -

practicakle. _ I _' o | Q%
: , o _ N o

\ In thau1ng of the frozen potatoes the process is
the reverse of tre621ng (Ede 1949). ‘That 1s, to thaw a slab
of 1/&-1n. thlck Hlth 1u1t1al tenperature of 30°F 1n a

thaulnq tunnel vhose a1r te-perature is about HWor and air

_veloo1ty-1s about 2,000 cu ft/lln, should take apgfoxlnately

18h%inutes. nlth a, hxgher alr telperature and/or air

veloC1ty 1t should, of courfe:\t,ke‘leSS tl‘“

B

e
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| » " ‘5( v - vl
thav1ng of -ashed pctatoes can be a contlnuous Erocess using
] contlnuous free21ng and thaving tunnels. The 512e and
‘capac1ty of these tubnels can be approxlnately estimated

using the phy51ca1 propertles of lashed potatces obtalned in (

3
-

this experr.ent. L o o '

The tﬁ%vlng lust ke conplete before proceedlng to,

the next step, r/ﬁ} Py rylng in av<t1rred bed fluldlzer,
' othervlse it will not be poss1b1e to st1r and dry the
potatoes un1forlly. Unne essary ce11 danage lay occur 1f the
'slnco-pletely thauahegota oes are processed further due to
the breaklng of the frozen -ass and-shearlng of the soft
“cells against the rlgld ice crystals. Once thaued, houever,
the potatoes should pass to the next proce551ng step
All-ed1ately to 3'01ﬂ undue ralslng of tenperatnre thCh may
h&result in reabsorptlon of the released vater back 1nto the
iicells as observed ty Greene et al. (1948). This reabsorptlon
of moisture 1nto the cells has a deleterlous effect oun. the
pre—drylng and granulatxon steps of the present process as
vas< J1sc;overed Uh&n.t%ﬁ/-ater1al vas allouedﬂ;o stand for an
xgcnied perlod of time after thavlng- Along other effects,

o

e drylng rate was lowver than 51n11ar runs uhlch uere pre—
”
drled soon after thau1ng, and the material was dlstlnctly

less easy to hggdle. Also, -1croh1a1 contallnat1on and

- ‘1
-grouth, as uell as undes1rat1e chenlcal changes, lay occur -

if the delays are nnddly long.

\
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VI, PRE—DRYIRGl GBANULBTICN, DRYIRG COOLING;

AND PECDUCT CBARACTEBISTICS

3 ° -~

1;_Pre;ggxing¢ gggnulation‘ drying, and cooling .

A good many: tr1a1 runs wvere done’ Hlth the

’

fluldlzed -bed dryer before the present nodlflcatlons of the

[y

proce551ng vere ottalned Data fron these runs are not
reported-here due to their sultiplicity and conplexity@lTne
results,reported in Tables z6, 27, 28> 2§A and 30 are those'
S obtained under 1dea1 Or near 1deal condltlons with the

present egulplent. v”' ) .

It should be noted tbat in all cases in prerd
drylng,’the drylng conditions vere set such that the drylng
‘rate vas at ‘maxioum. This was acconpllshed by hlgh drying
.alr tenperature and high air. veloc1ty uhlle the potatoes
| vere slouly stlrred at about 20 rpn. The heat and mass
transfer rates 1n the bed vere suff1c1ent1y hlgh Sc that tﬁgﬁ
tenperature of the potatoes was kept low, i.e. around room
te-peratnre or lover. This is so that the beneflt rendered
bby the freeze-thau techn1gue is not lost by uater

‘ reabsorptlon by the cells as uould occur 1f ‘the tenperaturez

<

‘uas hlgher.

Tovardé the end cf pre-dryiné, the moisture
content of tie _pPotatces enters the cr1t1ca1 range of 45 ~35%.
hls could be v1sua11y deternlned by the fact that at thls

,Q
f%tnge most of the potato is suspended in the air strean at
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the adr velocity of abouf_iao ft/min If the pfocess vere
cdntinuous, cousisting ;f s€parate unlts of a rre- dryér and’
a granul?tor, the suspended pa—tlcles could be carried away
in the air stream Into the granulator, for the subsequent
granulat;on- In the present studles, howevef the

. granulation wac perfq;-ed iv the same ynit of egulpgent as
the pre~d:jin§-~ | .

_ At this ctage the drylug air tquerature wvas
reduced to ‘akout’ room te-pe:atute and the air velocxty was
reduced fron ahout 330 ft/l1n to- about 30 ft/min. The drylng
tate at th1s stage dtopped <harply to nlnllum. This is
necessaty as gtanulatlon cac. be acconpllshed qulckly and -
1eff1c1ently at th1s stage by applylng hlgh ccm;resclve and
-shear forces théough 1ncrea<1ng the stlrter speed fron 20
;rpn to about QBG;EOO Cpe vh11e the nOLSture content is kept
Hlthln the cr1t1ca1 range. The granuLatlbn is accoupllshed
Hlthln a short time of 5-10 llnutes uhlle the n01sture
‘content of the potatoes is clovly teduced through the |
) ‘cr1t1ca1 range to ncrlally siightly lower than 35%.:If the
granulat1on vas terninated too éoon, as in Run No. 3, and
the potatoes entered dtylng step vh1le st111 ‘moist and not
,suff1c1ent1y gtannlated. the a-ount of the -60 nesh fraction
in the prodnct uonld be conexdetably reduced (Tables 28 and
51). On the other hand if the gtannlatlon was 1n1t1ated

tather late, as in Bun lo. 5, when the 101sture content of

the potatoes was already pa551ng through the louer end of

oL



6 * ‘ . ‘ -
(- <] . . - ' .
- ¢ | ﬁv ‘
I -
. )
’ - : N v s ,
LL°0 _ . LhezL - T6°0Z  08°n LgeL - Guny
T, LLO CL9*L8r . hL*8 . §Zz 00z . b uny
et 98°TL 00°€Z  T°E . wws&w.o g ouny
S outz GEEL. - 6Lt0 Ow™9®  86°0L - EMtL 6L°1- Z uny
N - 870 6775 .w;;mm o 8L7T8 SEhL | W sie4 | uag
% ‘1100 % ‘eanysToN “‘A3jsueg. - gwmasawr awoz 09+ Ysay 0E€+ UYSAU 9(+
uax01g aonpold 3ompoad * .mmamnmdzccuc: L _., atdues
. B ¢ 03 | m::x woly wuozuoua uT nHHoo c&xoun ‘30 .

, ey
mocucmouom ccm 3uUL83 100 musumﬂos s>uﬂw=wc xﬂzn .=o~u=nﬁuumﬁ@ munw f+h/oHaca




the crltlcal range, the result vould also be a reductlon,ln .
/’ the ~60 nesh fract1on (Tahles 30 and 31). The cegd/tlons in

Run No. 2-and 4, where granulatlon began qt the nOJSture
t
content of akout 021, and carrled on at the high stlrrer

speed for 6-10 minutes unt11 the moisture was reduced to
gﬂ""\ N .
agout 27% would thus appear to be ideal for thls prqcess as‘

"

»'

the results oq:EEese runs were very high -60" -ésh‘ ractlonsa
% & ) . .

-~ At the end of the granulatlon/step,‘uhen the .
: S
' stlrrer wvas stopped, the telperature and the air VelOCLty

vere,agaln 1ncreased' It shonld be noted that touards—the
~end of thls step the air velocxty vas 1ncreaved tc about 220:
ft/nln at whlcf all the suff1c1ent1y graﬁulated partlcles
vere suspended in the air streal.,As “in th re-drylng step;
"if the process wvere’ egatlnuous apnd the qfenulator and. the'
dryer vere separated the g: anules uould be canrled auay in
_ the alr strean 1nto the dryer.:: - | .
“In the drjing steg, the dryieg tenperaturé_ves

increasé€d tc about 200°F and the air velocxty vasg, 1ncreased

to about 330 ft/lln until the granules vere aluost belng

blpun3§;9‘5“out of the bed. This step noinaily takes 5-10

~avoid abrasive dalage ‘of the granules.-

Py

The final drylng vas co.plete about 5 minutes

. after the reduct1on in air veloc1ty and wvas fclloved by

P
‘-
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1n Rup - No. 2 hCHQVGr.‘resulZ;d fron the'factfthat-vhen“a

AL

.,4' o po .. 18®

B g&v l. N
S o S
coollng Wf the granules IQON tenperature u51ng an air
'%V \ #

veloc1ty of :bout 20
‘ L4

N

ft/llﬁ- . . _,"
[ . i

« - , 4 - P .
e e ¥ 2 . DL .

2. Dtyinq rates ¢f_potatoes

A4

-

It should te noted, f1rst of all that the

a
’

calculated results, 1 e. alr ve1001ty, drylng rate, and

Y,

m01sture contents,'appear reliable, The calculated moistute

/

content at varlous stages of proc9551ng in lost cases
(Tables 26, 27, <8, 29, _aud 30), for exa-plg, agrees v1th1n

+ 3% of tue otsetVed values. Ihe dxccrepanc1e s, partlcularly

/

samples of the potatoes wver taken for moisture ana1y51s the

I

drylng chauber had to be opened and the collectlng hag

llfted to ga1n access to the ptcduct. Even thonah only a

short perlod of time llght elapse dur1ng the salple taking,
‘ )

the drylng condltlcns e@g a1r veloc1ty, drylng ; 'er;~;
| S
temperatures,‘uere upset so that vhen the autclatlcally

recorded tenperatures Here 1nterpreted for calculatlons,

some errors uhlch were not easy to allou for resulted.'
/-

g ?hese, fortunately, were -xg?r.ln,lost cases.

N .
s 7 & .

v kal

Durlng drylng; two main flov lechanlsls assule_

R najor role 1n the ncvenent cf uater in the -atetlal being a

2

‘”Yan Arsdel, 1563) . In- granular solids such as sand

the phyS1cal unbalance of forges at the 1nterface ‘between a'

’a

11quld and gas or vapor yroduces the effect ot a suct1on on
‘the’ llquld as that in the rise of a 11gnid 1n a capillary

tube. ﬂence,‘;n this., type of ;atenlal, capxllary fl@h

Y.
ki
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mechanisn controlsvtge movement of Hater durlng drjlng at
e J D
) -vleast 1n “the early stages uhen the m01stuqe is hlgh In the

moist body wlth flne structure and in hygroscoplc materlals,

L

~ 'on the- other hand the drylng is governed h; dlffu310na1 g -

v .

?‘
phenonena. Thi is the mechanlsm uL reby the Hater in’ the

body d1ffuses outvard due %? pressure and uater :

cohthtratlon gradlents. A d1ffusron reflstance factor 1s» -t
- = - -
characterlstlc of a materlal under a partlcular set of o

‘ condltlons. The dlffu51onal transfer mechanlsm is: also found

to govern the late phases of drylng Qp all 'cases whaféver
7

imechanlsms the earller phases are governed by | \

5 The granular, non- hygroscopic materlals exh1b1t
two Hell deflned phases durlng drylng. The first phase is.

.

§ -

the constant rate perlod where the evaporatlon rate remains.

constant as the rate of the transport of, water . from wlthln,
" the body to the‘surface is the same as the rate of
levaporatlon ¢f the water frcm the surface to th
surroundlng. Hhen the materlal is ddaed to a certain-~

K

: the rate of uater transport ulthln

moisture level houeVer'

the body cannot‘keep up with ‘the rate of evaporatlcn frem

(\

the surtace, hence ‘the rate of drylng drops and the drylng _

rﬁls sa1d to’ enter the falllng-rate perlod (Van Arsdel, 1963).

A

-

Earlet(1966) states that many foods such as -

R

potatoes do not show a constant rate perlod of drylng, but

gthey e!hlblt guite a sharp treak after a slouly .and steadlly

)

decllnlng rate perlod Saravacos and Charn (1962) reported B

o
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,that lost of the drylng of frults and Vegetables takes place

&hrlng the falllngvrate perlod due to their c01101da1 ;ﬁg

-

J
hyd ophilic nature vhich causes the uater nolecules to be

7.-

':‘held -ore tlgqtly. They foand that thd moisturd. content at

the trans1tlon\i01nt betveen the 'onstant~rate period’and

the falling-~rat perlod (crltlcal n01sture content, Wc) is:

. v -
characterlstlc of each material- for a .given set of d;y;ng

condltlons.‘They found no’ 51gn1f1cant effect of blanchlng\oh

'drylng rate of potatoest but found that hlgber airx veloc1ty

'potatoes as 77 78% wet basis. .. . - L

s

. increases drylng rate in the constant-rate perlod tut has no

-effect on the fall1ng-rate perlod. They reported Wc of

/ S
. \ . - . .
In the pEesent studles. a long, well deflned

: constantvrate perlod\of potatoes was observed durlng pre~

.'drylng step (F1gures 36 ,?7. 38, 39, and u0). In' most cases .

" the drylng rates vere soneuhat lower at the beglnn1ng. ThlS»"

fls due nalnly tc the fact that the drylng air tenperature

v *

. was. lou durlng the conevup time, and. that sone of the heat

vas spent in’ heatlng the'potatoes up to tbe equlllbrlun o

° l‘

| telperature for the constant rate perfod Tne _onstalt-rate

" period contlnued untll the granulatlon step vhen the rate

'f,éropped due to lower telﬁératnre and air flovs. It 1s

apparent ‘that the dry ng enters the falllngvrate perlod

durlng the grannlatzon step. Bith the extrapolatloi ‘of the f"u

-

curves 1t would appear that the" critxcal lolsture content of_

.the potatoes under,these conditions is betueen us-uox vet

ba51s.ﬂrhxs.heans that drying rate of potatoes under this //

. . &H

ﬁf%L@
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process can.be maintained at a lati-un until the potatoes:

are dried to about 40% m01sture. Hence, relatlvely rigorous .

-~

drylng coudltlous can he appl1ed during this’ perlod to-
shorten the proce551ng tlme, which means greater product

output per un1t tlne. / _— : o RN

‘ < ) .

The lengthy constant-rate period can be attributed
to the etfects of free21ng and thawing of the nashed
potatoes. Free21ng not only toughens the cell Hall and
prec1p1tates the solublllzed starch but renders the
potatoes much ea51er to dry. Durlng free21ng nuaerous 1ce
crystals are formed and consequently a great part of Hater
within the cells is Grawn out into the extracellular
1nterst1ces by osnctlc pressure kaall, 1953) and on thav1ng
is avallable as free liquid out51de the cells uh1ch can be:
ea511y evaporated As- the freezlug process progressés most

or all of the water v111 be transforned to tiny ice crystals

,many of vhlch 9111 forl nlnute passages through the cell

‘wall: by phys1ca1 puncturlng of the wall. These Fassages are

- concelvably “not hlg enough to allov the escape of the

i
I

nacronolecules fron the cell but are b1g enough to let
vater nolecules pass through vlth relative ease durlng
drylng. The lashed potatoes after thavlng have a- very gralny
appearance. As the cells are belng contlnuouely separated by, ¢

the stlrrer, the uhole ‘mass behaves in a lanner 51l1lar to

’uet sand vhlch is a laterlal in- vhzch ioisture lovelent 1s

predOllnantly hy caplllary actlon in the early stages of

f . -

[
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drying. Bence; it.appeare most like1§ that the'lajor part'of
the water in the thawed-~ ached potatoes ex1sts in the forn
of free ot surface vater, and that in the early Rpase of ,
.drying caplllary lechanlsn plays an 1nportant role in the
‘movement of - water froa the interstices betueen adherlng

potato cells tc the surface at uhlch drylng is taklng place.

3. Product_characteristics . 0

It is apparent froa Table‘31'tnat'the procesé
-under»inuestigation is capatle of producing a high quality
'-product. The Lbrcken cell ccunt 1= g01te lou. In five runs,
the product fron Run No. 2 has the hlghest broken cell count
(2.1%) which is low as’ comrared to 3f6$ obtalned,ylth dlrectl
pProcessing techniuue describedfhy Lazar et al. (1964).'The
Product bulk density'is reasonablj-high uith oulk,densities
aeuhigh as 0.91 gn/cc\ﬁeing obtained in several trial runs.v

A
percentage of fine granulec (i.g. =60 lesh). It is belleved.'

The process is also capable o§:§rodu01ng a very high
'that vlth lore eff1c1ent equlplent and more effectlvely
controlled -process, over 90% of‘-60 mesh granules could be

regularly ach1eved in- the output.

The guantlty of over51ze (i.e. +16 nesh) materlal'~
»(vhlch is dlscarded) is also lov, with the ‘maximun value off
2% occurr1ng in Run Moo 4. Ihe»average percentage szf16
-esh gtanules for the five runms is1. u1$, uhlch is
51gn1ficant1y lcwer than the SS over51ze reported by lazar

‘and covorkers. In fact the over51ze laterlal vas very
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frequently less than 1% in the trial runs thch have not \\\\S
been reported in detail. It would appear that a major factor

that controls the size of this fraction is the initial

.“101sture content of the potatces. In Runs 4 and 5 the
:potatoes had dryliatter coutent of about 19% as compared to.
about 241 %§y latter 1n Runs 1, 2, and.3. In Run No. 4, the
thaved, mashed potatoes vere rather wet and the mater1a1 was ..
‘more difficult than usual to handlefin the pre drying step.
This resulted 1n a con51derab1y longer time belng taken for
thls step (F1gure 39). The vetter potatoes are more
susceptlhle to fcrllng a thln flll on the surfaces of the %?
fluldlzlng howl and the stirrer during pre-drylng, resultlng.t
in the unusually h1gh dlscard as.reported This problen is
‘ea511y corrected by addlng the coarse fractlons, i.e. those
betueen 16 and 60" nesh frce ‘the prev1ouc run to the thaved
potatoes prlor to pre-drylng to absorb the excess1ve‘anounts
'ﬁof surface 101sture.5The results in Run No. 4, nevertheless, o
has shoun that the process 1s capable of handllng the |

potatoes with low spec1f1c grav1t1es, ‘which are not

.generally con51dered processable vlth other technlques.

Becycllng of the coarse partlcles poses no
.’observable proble- 1n thlS process. The internedlate size

“pa ticles: ( 16 -esh +60 lesh) account for ouly a little»

" h gher than 10! of the total output, and nay ke p0551b1e to

1over this quxte con51derahly with lore efficient proce551ng

o .

‘equlp-ent The- add1ng of these fractlons, prior to or durlng

EEE
s
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pre—drylng, to the freshly thawed potatoes will 1n/fact

-

benefit the process by renderlng the mix ea51er to handle
and thus fnrther shorten the pre—drylng time. No undesirable
1characterlst1cs carr1ed over by the recycled partlcles to
the sncce551ve batck of product uere experienced in the

present 1nvest1gat10ns.

It was ohcerved durxng the trial rums also that
"illatnre" potatoec vere nnsnltable for processing- of potato
granules dne to high proportrcns of broken cells they '
produced. ThlS may be due.to the fact»that Hhén they vere

harvested the Fotato tissue had not been fully developed _;ﬁ

)

H‘
-resnltlng in weak cell ualls uhlch Gcould not Hlthstand Aﬁ
’ /
'forces durlng proce551ng- Prellnlnary studg shoued that.ﬁi : ?//
. ;"‘ ‘ /
such potatoes ¥ere stored at 02°P for at least one non;f

if they uere sprayed with ethrel (2-chloroethyl phos onlc ;/

' ac1d) and stored at the sane te-perature for at le one. 7/

week, they conld:t&en produce a satlsfactotﬂ'

‘is a chellcal Hhxch evolves ethylene gas (ﬂa

L]

Leopold

/
- was just over 5% uh1ch is con51dered 1dea1 fo;édehydrated w,fJ“
potato products @btrolle and Cordlng, Jr.,/]/65). The level

of lo1stnre content of the product canmn, hduever, be ea51ly

e &
,controlled by adjustlng the time and/orvte-perature during
|

drylng and coolang steps, if thxs is wecessary.

wrw
N
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Another desirable character1st1c of the product
obtalned with this process is its con51stent atkility to
reabsorb’ water, elther hot cr ccld,von reconstitution. It
uas found'ﬁhat regardless cf the varxatlon in the spec1f1c
gravity of the potatoes used‘ tdgiproducts aluays exhlblted
the same con51stency on reconst1tmt1on with the saame ratlo
of product to uaflr. The prcduct t§\20111ng vater ratlo was
con51stent1y fcund to be 1:4 (v/v) for dry and flrl f
reconstltuted mashed potatoes, and can take ugp td 1:5 (u/v)
for-a softer product Thls reabsorptlon is greater than for
the conlerc1al granules used in the texture evaluatlon

vtests, vhlch gave a conparahle product 01th a 1:3.2 ratlo,

‘and a soft product Hlth the" 1 u reconstltutlon ratlo.

The hlgher vater absorpt1v1ty can again te
attrlbuted to the effects of the freeze-thau treatnent on
the nashed potatoes in- the proposed technlque. It ~may be due
"to the fact that after the freeze-thau step the cell uall 1s
,prohably nore porous, as snggested in SGCthﬂ C. VI. 2.,

hence on reconstltutlon 1t allous uater to dlffuse through

{‘ o -

more readlly. , . 1
' 1
|

The lower guant1t1es of granules used per unlt

, quantlty of recorstituted product H111 effect 51gnificant
4

econonles to the coﬂguler vheﬂher in the home or in an
/ ;

'-ﬂ1nst1tut1ona1 k1 chen. rurther, the reabsorption ratlo 1s »

much -ore uniform than that obtalned at times by the add-

back: - process. This. u111 have 1 portant ranifxcations in

//‘ o : co {l



.- 201

o

narketing'at both the institutional and retail levels.

S

VII. ERODUCT CblIITY

1. Texture panel tests

It is apparent fron Table 32 that the prcduct
produced thhough the method nnder anestxgatlon has a water g
reabsorption’ capahlllty co-parable to that of potato flakes,
i.e. the product to. boiling uater ratlo (v/v). is 1 acr¥he
commercial granules produced through the add- back nethod, on -
the other hand, absorb less vater for a conparatle product

u1th the ratlo helng only 1 3. 2. .
| | - oo T |
esults of the fi%sthset of texture €evaluation

The
of thL »as ed potato salples are shown in Table 33. The |
statlstlcal analys1s of the overall characterlstlc of . the .az
samples in the first set of the texture panel results (Table
’3u) shous that the dlfference among judges is highly
51gn1f1cant The 1nteractlob ‘between sanple and judge is ﬁ
also hlghly 51gn1f1cant. These may he 1nterpreted that not
only the salples d1ffer vldely fron one another in thelr
textural character:stlcs, but that the judges also dlffer_g‘

reatly An the1r preference touards textural guallty of
nashed potatoes. Neverthelé?s the flrst set of the tests
' servéd its purpose to fanllxarlze the panelists with the
range of the sanple< and the textural qualltlec to be

IS

judged.
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<

L, Table 32. RecOnstitution ratios ofvdehydrated«~
G SR
kY

..

ma;ked pctato saq;lg§;

‘a b

Sanplex Feconstitutionwﬁatio

.Product- : Boiling Water (v/v)

N ?,5 }y«  Ex. IX 134 -
5 ' :

* Ex. IIisya typical.proﬂuét obtained,from the prOposed

freeze~£ﬁau process;
.Ex. IT is a specxally processed product uhlch glves ‘a vety
“glueay texture cn rcconstltut‘on- a ' \,
. Com. I is a commerc1al potato gfanule produc;}obtalned ftOl‘

!

a local supetmarket- S | | L _

II 1s a ccmmercial potato flako product okttained from a
o . i"n"x M .'-' . . « . .
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Transforsed results of the . first series of texture pahéls..

',rab;e 33,

Characteristijc

Saoothness

Firmness

Sample

'Jhdqe
" No.

Quzzuclnauqlznw“322332223332223135“5“223“3303«‘32“522
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Table 35. Variance ratios of iqdiyidual judges tased on

I

‘Jadge No.

10

o P their judgment

.fro- the first

<

S

N,
Sourc% of

Variation

Day
Sénrle

Day

. 4 S
of the overa characteristic
rall teristi

set of texture panel results.

Sasple

vDayk‘

Sawplg

 Dpay

Sample

Day

Sample™

Day -

-Samflé

Cay
_Sanple

Day

oA

Samgle
LCay
jSanpie_

Day

.

e

‘Sawple »

+  Variance

~—

Rhtio

 0.827
'5.3793"

0.6032

1 3.04762

' 5.0000

0.3859
7.103
0.5454
65454
1.0000
10;8§u5\
0;3056

'6;5667

0.3137

K 4

3.5143

37.5517

.

5

" 0.8276

o

."?'

Protability
“ Level

>>0.100

<0.025

. >>0.100

0.050
>0.100
<0.025

>>0. 100

' <0.005

">>0.100

0005

©>>0.100

<0.005

- >>04100

0035

">0.100 .

. .>>0.100

0.050

>>0.100

<<0.005
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In an atteapt to screen the ypanelists for the

second set of tests, varlance ratios of11ndlv1dnal judges
vere co-puted hased on their judgnent on the overall
characterlstlc It appears (Table 35) that gone of the
3hdges show significant var1atron in therr judging ab;llty

fro- day to day. Judge No. 3 hovever, produced the: h;ghest

"Day" varlance ratic of 2.00. Though thls is not qurte

'srgnlflcant at the 0.10 probqpxllty level the varlance'

ratio sas cons1d¢rahly greater than that of any other judge.

Judge no. 3 was therefore not 1nclnded ip the panel for £he

/ second set of textnre evalnatlons. R L

—~—-
S

With the comment s frcl so-e panel le-bers 1n the,

flrst set of the ‘tests that the f1ve—pornt scale for each

QL

vcharacter1st1c vas too narroa for accurate dlfferentlatlon

of: the sanples, the scale vas expanded to n1ne in the second

fset 0f tests, In th1s set the jndges slnply 1nserted nunbers

ffé- 1 to 9, as the case may be, drrectly for each

- -
characterlstlc 1nstead of cross;ng an appropr1ate box as$ in

;the first set. In this uay dxfferences alonq sa-ples‘aere

more clearly shoun, and the results could be analysed

dlrectly vrthout fnrther transfornatlon. ‘One dlsadvantage of

the n1ne-po;nt scale, houever, is the dlfference in the
'tendency of each pane11st to judge low or ‘bigh. Sowe

’,panellsts are more 11bera1 than the others 1n scorlng,'sq

' more conservative cnes may prefet the lov end of the scale.

Voo
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&

- their scores -ay be on the hlgh end of the scale, wvbile the _'

et '
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Table 36. Results of the secound series of the texture panels.

Characteristic

Ovefall~

Firmpess

1.

Glueyness
Day

Saoothness
2 3 &

Samgle

Judge
" No.

2 3

1

1

72 3

3

'Ex.
- BxX.

53u75705666327855535515“Q7357552375627355u766,

Qvuvﬁsl).ealﬁ.Q.QR?!Qqﬁsr?Aunuﬁ.He41,QQJQJS.J:47r)G‘2«Jau6,o1L7a£u,bnu6.u6
6.

53a67837573u56755733“‘3355377566“85530353553.“

o

623878‘52“Q35767507351333737937““65527356665“

715967QQ5Q7129Q.3533562“5673779612756373952“5“
537898185551789327333255373777“138785728536“5,”...
736999176751378335536115773779523867Q3868“778

-~

694999165““17753ﬂ933715757395387“6562957?5878

69798853773853535“353935757535—3867657393“7336,

OO NON~NNS GS3373763937&5753536“6558586l7u05

TR

.897988'86768753“77“5595335733378593376“33733'

’
8879982“6.7983776697373173751«5873667C~5£3376“‘Pa

LN

9T877339687u5685366677866511336&8385372766876

87887297776275"6775“7Q 36777735679373878367878

.
77979893.7583763235576737766363“8.(772“76668 T

77962887..)7385625356

’

.1937.’7775287655363576958

[

-

X

o
1I
11
I .,

P

Ex. I

I
1T

I N
1I
.. Control

I
1
I
1
IX
I

Com. II

-  R

1
IX

Coutrol
11

I
~XI
Contzrol
Con.
II
‘Control
: §
IX
II
Control
Ixr
* ° Control .
. IT
Control -
Control

3 Con.
D {

Control

Com.
£x. 1
EX.
Conm.
Co-.
Com.
.EXe.
Bxs
Com.
Cos.
EXe
Cos.
" EXe
EX.
Cos.
Cos.
Ex.
z‘.
cos.
Ex.
Zx.
Con.
Cos.

“r

1
2,
q
6
8
9

o
b

v
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If, houever, thelr tendency is cons;stentlln every se551on
of tesrlng. thlS dces not create a problen in the subsequent
statlstlcalfanalyses of thé results. Thls, with feu
exceptlons, appears to be the case in the second set of

tests, the results of vh1ch are shown in Tahle 36.

v))v' .'.‘ Thevstatlstlcal ana1y51s of the Tresults from the
. second set shous cnce agaln 51gn1f1cant dlfferencec anong
}both-sauples,giﬂ judges (Table 37) . The lnteractlon betueen
’jﬁﬁge aud salple in every case except flrlness 1s

slgwgfmc t at oO. OO‘ijprobahlllty level. Thls wcald 1nd1catevl-

that, uxth the exceptlou of flrlnes the judges dlffer_

_ greatly in thelr perceptlou of the textural characterlstlcs

of lashed potatces. ThlS -ay be due to differences in the1r

‘concepts of an ideal product, ‘or to the 1nperfect

. deflnltlons glven to the chatacterlstlcs, or both. ThlS

assulptlon vas so-euhat couflrled uhen the panellsts vere

Aflnterv1eued 1ndlv1dually after the f1na1 session ct the

testsm The 1nterV1eus revealed ‘that even though thelr -ethod

'on chevlng, thelr 1nterpretatlon of the feellng for each
.~characterlst1c was. sonevhat dlfferent and largely qoverned

by their personal preference on the texture, and tc some

extent on the flavor of the product. The f1r-ness was

-

essentlallybgudged fron ‘the resistance of the product.to the'

)

force applied on cheu1ng.%&he judglng of s-oothnes= was

o governed,kto a certaru extent, by personal preference. There'

-

209

o of judglug vas essentaally the same, i. .e¢. from. the mouthfeel

-,
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seems.to be two distinct preferences.fOne‘grouP.(judges_1,
2, 4, 7, and 8) preferred'the product to. be slighf&yygrainj.
_thusvtended to give highe - score for s-oothness'dn the |
sanpies with coarser'terture’ The other group (judges 3, 5,
6, and 9) preferred snooth uashed potatoes, and hence tended

to give lover scores. ‘ -
| | | o ~
* The glueyness, on the other ‘hand, was largely "’

| agreed upon by all judges. Due to the dlfflcultles in
deflnlng th1s character1st1c prec1sely, dlfferent judges
seened to percelve the glueyness sl;ghtly dlfferently. From
the 1nterv;eus, the lajorlty of the panelists judged’the

‘ glueyness of the,sanples by the way they stuck tetueen the'
teeth, gue and the roof of the -outh' while sc-e‘a150

: 1nc1uded the elastlc response of the sanples cn chevlng in

their judglent Ihere vere some vho assoc1ated elast1c

response u1th the flrnness cf the product.;

The comments lade by some pane11sts also revealed
“that thelr preference on other character1st1cs of -ashed
' potatoes was also 01fferent. Hh1te color, for exalple, vas:
1preferred by sone, whlle crealy or llght yellow by the
others.'Uany panelists strongly d1s11ked skll milk flavor :
‘ and "add1t1Ve" or Lsoapy“ fla;pr in mashed potatoes as
_ exelpllfled by the con-erc1a1 products used 1n the tests.‘
The skinm’ ullk flavcr 1s attr buted to the high pr0port1on of .

.sk1n lllk pouder in the co erc;al granules. The "soapy"
' flavor is thought to be due to the h1gh level of addit1ves,

'partrcularly surfactants '1n~the_co-lercial potato flakes.

~

v
kg
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‘The overall view of the statistical analysis

Suggested~that there light:he scme correlation ketween

.

1nd111dual characterlstlcs, i.e. firamess, smoothness,
glueyness, and overall textnral guallty as judged by the
panel. This hypothe51s vas: verlfled vhen average daily -
scores for each characterlstlc of each sample (Iable 38)

were plotted aga1nst one ancther and the;r correlatlon
coeff1c1ents conputed (Table 39).mmable 39, Fiqures 41, 42,
and u3 shou that vhen snoothness\;hd glueyness are plotted
agalnst overall, and snoothness against glueyness, their .
correlatlon coeff1c1ents, -0 7uau O 85u8 and —0 7459 ’
respectlvely are s1gn1f1cant at 0 01 probabrglty level Hlth

. that of glueyness agalnst overall being the hlghest. This
“lay ‘suggest that glueyness and cloothness were assoc1ated

‘lost strongly Hlth the overall textural guallty of mashed

potatoes. Betueen these twc, glueyness vas most strongly

. correlated with the jndges' preference touards the sanples,

.vrth the lore.gluey salpleS'belng llked the least. The
.strong correlatlon hetueen glueyness and snoothness lay also g‘

suggest/that the suoothness of nashed potatoes'say he B
derrted from thexr glueynesc'or pastlnessP Thls is probable“
considerlng that the more gluey product results frou the S
Jgreater a-onnt of starch released from the broken cells to

forn a matrix of suooth. sticky gel.

_ A
As the overall textural guallty of lashed potatoes.

‘.correlates nost strongly v1th glueyness, it was thought _;,,‘vs

By
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Table .38. Averaqe dally ocore§ oE éﬂCh*ﬁharacteri?‘@c
o =B .
S S R
of each Sanple. o ‘.Qyﬁ,;A i

Characteristic Firwness
Sample Day

Ex. I ' 1 5.78

2 S.89
3 5.67
4 . 5.89
Y . to

© Ex. II .1 - 5.33
2 5.56
3 7
4 5.33

Com. I 1 g 4.89

3 5.7
8 . u.g9

:Coi. Ix "i S.4u
2 6.6

3 5.78

L 6456

Control 1 7.22°
‘:;2}~' 16.22
3 '_' 7.56
4 . 7.33




tfsiqnificant,at c.01

. B ,/
s /.
¢ T 7 .
,i’—. ,‘/’
. y
./v'l
. / ' ,
/( ’ .
v |
,Tab;é 39. CotreldtLOn cooff1c1enta betueen averayge ‘daily
/é; . ' scores of each charactorxstlc-
.’/'/'
z . o .
Pirmness Skoothnass Gl?eyness Cverall
Pirapess = 1 ~C.2647 . 0.0087  0.0602
Smoothnass -0.2€47 1 0 -C.7459+¢ -0.7484%
Glueyness : 0.0CR7 -0.7859% 1. g_gSugs
Overall  ©.06C2  -0.7484%  Q.85ugs 1 -
A Cp

!

S
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|
|
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Y
Table uo. Summaty of *he Duncan's New HultlplQ
‘Ranqe Teut of the mean scores of Ehp‘
w\"

overall character1bt1c of the samplps."

pA "(‘ ;Group* 2 PO K
t 1 . 2
Sample Ex. I _Conttol Com. I Corm. II - Ex. IL

(Mean score 5.639  €.25  5.25 5,139 3.083 \

' ® There‘is no 51gn1f1cant dlfference amonq the samplea 1n

“from that 1n group 2 at 0 01 prcbahllxty level.

v

group 1, but sample< 1q group 1 are sxgnlflbantly dlfferent

*

Y ’ .
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; ‘
p0531ble to use thlS paranetet for objectlve ueasutenent of
the quallty of the product, nslng a -echanlcal 1nstrnnent.
If the objectlve method proved successfnl then perhaps 1t
could: replace subjéctlve apalysis, uhlch re11es strongly on

hunan factorc in measuring textural quallty of lashed

'potato product. Jhe developnent of the objectlve nethod is

' teported in Sectlon C. VIX. 2.. R _5

When the overall characterlstlc of the sa-ples

were averaged over four days results and analysed using the

‘Duncan's Neﬂ Multiple Range Test (Duncan. 1955), the results

(Table uO) shous that sa-ple Ex. II, wvhich wvas specrally
ptocessed to represent the wost gluey product, vas rated’

51gn1f1cantly lover (at 0. 01 probablllty level) tbhan other

sanple Sanples Ex. I, Com. I, Con. II, and COntrcl ﬂete
nnot 51gnlf1cant1y drfferent fxca one another. Sample Rx. I,

o hOHever’ was glven hlghest QVerage ‘Score, hlgher than even

/ .

| the control sa-ple thCh vas the fresbly nashe& potatoes.

4

‘The. connents frox some panellsts also snggested that the

N

) flavor and color of the salple Ex. I resea led lote closely

%S}

'those of the freshly nashed potatoes than any othex sanple

. useﬁ in thlS stndy. : - | ‘Qh o - Nh\

.The'interpretation'of,t@," ults of'the objéctiné
| . Yudy is somewhat d1fferent

fros ‘that adopted ty Prlednan & 1. (1963). This 1s due
. , s ; 7

LA o/
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largely to the fact that, thdugh the principle of

Beasurement is the same but :fj/iuﬁttulept used is somewhat
different. In'the'case of- th te:tufometer used'by'Friednan

et al. the plnnger, on conpre551ng the sample, moves up and
dovu repeatedly and auto-atlcally on to the sanple v1th1n a

set clearance frow ‘the straJn dauge sen51ng plate.

A7typica1 texturo-eter curée is shovn in Fléure
a4, Frledlan et al. (1963) 1nterpret the Value ct hardness
or flrlness of the salple from the he1ght of the curve Bl
ldl'lded by the vclts input, and the adhes1venecs is

!

teptesented ty atea 83.

In the present study. the lovenent of the plunger

np ‘or doun vas centrolled lanually. a typlcal cuIVe of vhlch

is shown in"” quute <2. The area a1, vh1ch reprecents the

\aork done by the: plunuer to COmpress a sample down te ‘a

certain helght, vas thought acre apptoprlate in thlS case to
‘be the value of f1rlness of the saaple. Area A2, uhlch is

. the: vork done to pall the plunger back fro- the coupresved
-salple - thns telatlng to the adhes1on betueen the plunger

surface and. the satple“ 15 the value of the adhe31veness or

gglneyness of the sa-ple. “

/ . o <

' When the results cf the ueasutenentc (Table 41)
.Vere analysed statistlcally (Iahle 62), the var1ance~tatlos
shou that in evety case only the d;fferences hetueen the

,salples are 51gn1t1cant at 0 005 probab111ty level. The

vagiance rat1os of the other factors and 1ntetact10ns are
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Vﬂot 51gn1f1cant. Ih1s 1nd1cates that the measurement method
is sensltlve enough to dlffetentlate flrlness, glueyness,

ﬂand dens1ty along salples, and that the var1at1on of the

‘results of measurement. fron day to. -day ulthln a sample is

‘ not statlstlcally c1gn1f1cant. Hence, the lethods of
neasurenent and 1nterpretat10n cf the results are rellable

'for the purpose

The correlatlon coeff1c1ents (Tableo93° Flgures
4s, ué; Q? and ue) ‘show that those between subjectlve
gldeyhess and objectlve glueyness-boverall and objective‘
glueyness- subject1&e snoothness and ob]ectlve glueyness-
overall and deqslty. dens1ty and objectlve flrlness. den51ty
’and objective giueyneSS°‘and den51ty ‘and sat]ectlve. |
~glueyness are 51gn1f1cant at the '0.01 prohablllty level.

j Those between subject1ve flrnness and- objectlve firmness;
‘overall and objectlve flrnness. and dens1ty and sub]ectlve
f;rlness are not s1gn1f1cant‘ The ,high correlatlon |
coeff1c1ents betueen Dbject1ve1§lueyness and: cubjectlve
'qlueyness, and overall and object1ve glueyness aga1n
ipdicate that glueyness is the most ptOllSlng characterlstlc
to be used as a leasare of ‘the textural quallty of lashed

potatoes, and that thls characterlstlc can' be rellably

measured objectlvely. R \

Q Objectlve firmness does not have sxgnlflc nt
cortelatlon coeffiC1ent u1th either 1ts subjectlve

- ~—
»
counterpart or v1tb overall. Th1s appears ‘to suggest that

.\‘
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i

flrnness, elther suhjectlvely or objectlvely evaluated is
not an adeguate leasnre for the- textural qnal;ty of uashed
potatoes, dr altetnatlvely that the range of f1rlness of the

sanples tested vas too snall to be a useful 1nd1catlon of '/(m |
I . _ .

the textural quallty/of the laterlals. o ]

The signiﬁicant'correlaticn coefficients betveén/

density and bo th sunject1ve and object1Ve glueyness may bj

@ . o :
1nterpreted that thp glgeyer prodnct 1 ‘e. the product Uﬁ#h
\

'hlgh&E anounts cf feleased etarch gelw tends to be more /v
|
compact. This is ccncelvably due tq the tlghter gel netfork

i
/
\/

f Hh1ch\covets the uhole natr1x of thg .ashed potatoes.
i i . " N . / \l
\ It is thus approprlate to\ptopose~tﬁat for the .

\' Y A4 .
purpose of the quallfy control of th texture of the

product, a control chart on uhich a Tax;-a- tclerable

glueyness level 1s spec1f1ed should be used, togethér vith

\

the 1nstrunent bas:cally 51y41ar to that used in t 1s
experlnent, to" detsrllne uﬁether the ptoduct is acceptable

_ /
texturally. The la11lnl tolerable 1eve1 of glueyness can be
/
' standardlzed fcr each un;t cf instrument and eaph set of

o -

Condltlons used in the/neasurelent. Using sanples with a
/ . . " ) PN

wide range. of textntal quallty, prejnd ed by a trained
sensory panel as standards, the-tole:a’le 1eve1'can thus be,v“gﬂ
: , . - : v : -
The 1nstrunentatlon can, of cour%e, be xlproved
for hlgher sensltlrlty and more accurate(fontrol, but it is
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'belleved that. the tasic ptlnc1ﬁiés of the method is
adequately reliable for both quallty control %nd product
-development’ purposes. For the products from s;lllar rav .
later1a1 and sane processxng technxgue, this -ethod should @}’
be ideal. Por the products from dlfferent tau laterlal and
dlfferent proce551ng technlques, houever, care- nust be taken'
to ensure that the con51stency, ‘as Judged by a trained

panel, of the products on’ reconstltutlon should be <1u1lar
for a neanlngful conparlson. Once the reconstltytlon ratlo
for each product is set toﬂprodnce s;nllar con51stency, as .

“in the present exper1lent, the method should prove effectlve-

as a means. fct conpar1son.
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Raw potatoes

. a v :
Peeling, slicing, washing, ‘sulfiting

-

Cooking )
Rashinge~———————3additives

L ] . t
’ » H
kY

—

Freezing and thawing

le

Fre-drying

Granulaticn : -
R
Crying

|

Cooling

*+16 mesh |- <16 maesn +60 mesh

Discarde ~——Sifting-

5

¢ -60 meshv ‘ : W
- Product » |

Vi

Figure 09; Flow chart for the'ptopoSed freezé—thau ptocess;_



SECTION D. CANC1D ICNS AND RECOHHBNDATIONS

COdélusions
7\ . “ : N
The present 1nvest1gat10ns s’how that the freeze—
thau technlgue, along wlth the use of small quant1t1es of
~surfactants, makes p0551b1e a direct process for the _
productlon of potato granules u1thout any add ban' The flov'
.chart as shoun in Flgure u9 is thus adopted for the proposed

process.

The product produced in these experlnents 1s of a

high quallty, conparable to or hetter than ex1st1ng products

N

and freshly mashed potatoes. In partlcular, the Folloulng

g

conclu51ons can be made Hlth respect to the quallty of the

£
L

product-1““~]" fx

v

31»{

"=“""‘ o B $
: %gxhe flavor and the color of the product

m’o 2

- are very clogg%

Oy
e

hose of freshly nashed potatoes

_ T _ ‘a' ‘ L

2. The freeze~thaw process yields a Froduct u1th a
_very lov percentage of broken cells, uhlch contrrbutes ‘to .

- the lack‘ofaglueyness of the'rr‘onstltuted,product.

3. The freeze thau greaules reabsorb uater rather
\-ore readrly than sone commercial add back granuleq and nuch;'
lore readrly (and more rap1dly) than potato flakes. The

freeze thaw gr%pules produce an instant nashed potatoes uath
!

flrler texture with less SClld materijial than other granules,

!

which will tend to make’ the freeze-thav granules more
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-

& il ' ! . 4 : 4
. .

economical to use thaw commercial add-back grénules-

L. The reconstltutlon IQth (product to uater) is

a

-ore unlforn than some co-lerc1al products when the granules

are reconstituyted to the same conslstenc1es.

The present Studles 1ead to the conc1051on that
the use of the freeze~thaw technique leads to a process'
which has a namber of advantages over the add*back process.

These advantages are as follous.

1. The process 1nvc1ves fever steps in the'
‘proce351ng in that several mixing, pre—cooklng. E K\
‘cond1t10n1n9,~and recycling steps are ellninated’ard’
replaced by the tr6621ng. thavlng.and pre-drylng steps. It
‘13 expected that the ellnlnatxon of these 1lportant steps in.
“the” add—b&gk process w111 lake the process luch eas1er to

s NS
COlltl’.'Ol. ' h

2. The average resxdence t1-e of he naterlal 1n | M
fthe freeze-thav prccess is cons1d :xably légs chan that in- |
fthe add hack process, vith the pOS‘ h111ty 0f 1lpr0ve§ents
‘_ln the nutrltlonal guallty of the - oduct. .

3. B%cause recycllng of large quatltles of prodnct
is ellnlnated. the dryers necessary for the freeze-thav
-process vill be cons'ferably snaller than those for the add—{‘

back process."!he heat load for evaporatlon u;ll be the~fnne Te

‘for the tvo processes. but the s-aller dryers vill re901re -
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-lower . total al: flcﬁs feor transport of the -aterlal, and
will probably ‘Bave s1qn1f1cantly 1oaet heat losses.

4

| .
4. The freezeothau technique glves a constant rate

-drylng period down ta 101stute levels at Uhlch granulatlon
can take place. 'Ih1s means thaftte pte~dry1ng, vhich
_removes abont 50% cf the moistur®, can. be done falrly

rapldly u1thout‘tbe use of‘mgduly hlgh te-peratures."

'f.“ 5. The freeze-thau prccess nay be able to handle
. o
kpotatoes vith a wider range of speclflc grav1t1es and‘\
101stnte contents than the add-back PtOCQSS"lD partlcular

the. ptocess has been operated vwith potatoes with as lcw as

19% total sollds. uhereas the nlnmnu- total sollds for thel

'addvback proceés is COnSLGered to be 20%.

v i .

6. The freeze~thau procesejrppears, in the s
exper1-ental equlp-eut at least to give a s:gnlflcantl
louer ptoportlon of OVQrs1ze laterlal 1n the product/ﬁﬁan is

Obtalned in cther processes. _ ’ -

-

These studles lead to a number of conc-u51on&
. A o
.relatlnq to . the prccess and process eq01pnent, as follows-‘ﬁ

1

by the rate of trans er of heat to the -face, ratherhtyan
VZe

by the rate -of heat condnctzon through frozen material
to the surface.of the potatces. - //'v . o ‘;I

B o ) . ;/" B . S . l‘.”"'l o
2. A stirred béd'd:yer,j7ﬁ be used for pre-drying
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of tﬂe cooked, freien and thawed mashed potatoes. 5t1rr1ng
speed of apptox1nate1y 1 ft/sec is suff1c1ent to g;ve
| uniforaity Hlthln the bed and keep the dtylng at a na11lu-
’rate, hnt are not gteatlenengh to do a 51gn1f1cant amount of
_dalage to the cells. !be time taken to pre-~dry the material’ |

D

from approxlnately 751 101stnre to approx1lately QO! can be

i

as short as 10 n1nntes.

3- Granulatlon can be acco-p11shed at moisture
'-contents in the range of 42~35% lOlStute. Stirrer speed up
to abont 25 ft/sec ate satxcfactory, glv1ng rapld

grannlatlon with 11ttle cell dalage.

' u Alt classxflcatlon appears to be useful 1n both
fvthe prevdrylng apd gtanulat1on stepc in that air veloc1t1es
'Acan be used such that the fxne, relatlvely dry pattlcles are

”llfted out f the act1Ve regxdn of the bed, and the larger

and dencer p,rtxcles te.aln 1n the lower part of the bed

- where they are'sutjectedato a greater exte Ato the hea:i.g
l,wy ‘v-

e
¥

- and st;rrlng‘action. Sl :

a nu-ber bf conclus1cns can be made with tespect

‘e’fto the effects oi the“tenperature of mashing, the use of

= iffreezevthau technlque and the use of surfactants on the

- naterlal and the process. These are as follous~

Y
R4

1. The te-perature of the potatoes has a sttong

'.feffect on tﬁe sttength of the -ater1a1s (statch and pectlc

',substances) Uthh b;nd the cells together- the bxghet the
.."@4~ . AR ‘

R
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_tesperature the lessistronglj are the cells bound together;
2 The free21ng and snbseguent thaV1ng of the
”’cooked potatoes alco reduces the . Strength ulth thch the:

A
.

cells are bound’ together.;

3. After free21ng aud thaulng the strength of the
intercellular h1nd1ng -aterlals 15 further reduced by \
) 1ncreasxug the telperature of the potatoes. , l - i

Q . " ., .ﬂ .
ul Lou broken cell counts 1n the lashed laterlal

are dgenerally assoc1ated u1th condltlons whlch g1ve lov

strengths of 1ntercellular hlndlng laterlals.

5. !ash1ng before co-plete thau1ng has occurred

glves hlgb percentages of troken cells.,.

-

6 Low concentratlons of snrfactantc can be used
to reduce the a-cunt of free extracellular starch avallable
for gel for-atlon and cell blndlng dnrlng the pre‘drylng and
granulation stages.vthere are lndlcatlons that vater*soluble
pectic substances -ay be affected by surfactants in a nan\nm:*l Q |
51nllar to starch. In the case of starch, uyvatex uhlch 1s a
-1xture of conponents appears: “to beénore effectlve than
uyverol uhlch 1s essent1ally a 51ngle conponent surfactant.

7

The reverse appears to be the case vlth uater-solutle pectlc v

substances. o . ' .
| S

N p _
Several conc1n51cns can be -ade u1th recpect to "

P

experxnental tecbnlgnes and analytlcal -ethods, as follows-'
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1. The carbazole method of ndConb and ucCreadj
(1952) can be used in the presence of ﬂou concentratlons of

,vstarch (<0 04%) 1f a correttion based On the blue value of

N
I

the solutlon is applled ' B | /_

i }

b _ 2. The drylng rate can be satlsfactorlly

determined from the decrease in te-petature of the alr as it

P

passes through the bed. Correctlons can ‘be made to tak

daccount of heating or coollng of the[bed This lethod

obviates the taklng of salplec or th uelgh1ng of the
i
‘Ad advantage that the

_material in the bed and has the ad
uncertalntles Jnherent in graphlcal/dlfferentiationAof’
| weigh%“or'noisrure content vs time cnrves'arerelilinated;
Glueyness, elther leaéured object1ve1y or by
the texture panel appears tc de the nost 1lportant textural
characterlstlc in deternlnlng the overall preference ratlng.
It would appear that the ob]ectlve glueyness leasure-ent
will be of. some use in evalnatlou of the overall textural
"‘quallty of the mashed potatces in process deve}opnent and in

quallty control.

. Process_Recommendations
== == . y

It is belleved that the freeze~thau process can be‘

made contlnuous. A suggested process is ontllned belov~

1. Peellng, sl1c1ng, uash1ng and sulfltlng These

‘are standard operat1ons and can be done 051ng any of the
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preseutly exlstlng neth%% .
\ 12, Cooking: This can be either by steam or unter.
 Stean cooklng is preferable in that losses of soluhle

_conponents are lower than u1th water cooking, and the steas

proceSS‘xs easier to control.
\ . B

L 3. Hashing: This should be of short duration and
suould be done at a hlgh tenperature. Surfactants (and@ other
\

adfltxvethhat may te required) should be added at this

“*»stage& . e - Y
e | | | :

l\\ “a. Pree21ng and thau1ng- The freezing can probably
" be done 1n a contlnuous blast freezer with tbe nashed )
laterlah belng carr;ed on lesh btelts. The thawing can
probably\be -done 1nh$;s1n11ar lanner, poss1bi§ u51ng erhaust

éir from th ‘dryers.

5. Pre—drylng, granulat1on and dry;ng- It may he
possxble to adapt the U-sectlon stlrred troughs described by

<Heudel et 1 (1961), ulth air Eeing blouu through

__perforatlons in the botton ct the troughs. Aix veloc1t1es
and te-peratures can be set to dlfferent values at varlous
parts oﬁ the pre-drylng and granulatlng troughs to c13351fy
and transport tbe sollds as de51red. The Stlttlng and
granulatlng arls can be de51gned to a1d product novenent 1f

BN
'thls is found to be necessary. Final drylng could be done in

a f101d bed dryer or im anm: alr-llft dryer. .

Alternntively, a vertical multistage fluidrkted A
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.dryerx such as that desctlbed ty Sloan (1967) may prove to be

snltable. It 1s suogested that the pre-drylng he domne in the

apper 1eve1 the grannlatlon on the next lower stage. and

the final drylng on the botton stage.

%

6. Coollng,'s1ftlng and packaglng These are

4

relatlvely standard processes for whlch various types of

equipment are readlly available.

There is a c0051derable anount of deta11ed des1gn

uh1ch nust be done before a plant us1ng the freezg-thau

[

technlque can te- set up.
The cost of refr1gerat10n is one najor ites uhlch

does not occut in the add-back or flake processes and ulll

\
offset savings nade by e11n1nat1on or reduct10n in size of

equipeent used 1§\the aqa- -kack process. It lay be p0551h1e

\

to reduce the cost of refrlgeratlon con51derab1y in areas

which have long wlnter perrods of sub—free21ag at-ospherlc

telperatures, e. g. central or southern Alberta or the other

. prairie prov1nces cf Canada, but have a suamer long enough :

\ .
to prov1de a good grovlng season. If necessary, short .

_perlods of lntense cold could be - used to freeze the cooked

0

-mashead potatoes uh1ch could then be held for suhseguent

process1ng.

The cost of productlon can be redaced further by .

.

recycllng of the drylng air. Pox exalple, the exhausted air'

1n the drylng step can be slightly reheated and reused in

soe o HT a3

o/



the re-drylng step. The exhaust fro- the pre-drying' tep

*

'can b sed further to thaw the frozen potatoes.in the
( ‘ -
'thaV1ng tunnel The c 1 exhaust air fron, the thauldﬁﬁiunnel
3
~ can be. used to cool ‘the hot nashed potatoes, in preparation

g
for ftee21ng, tefore being flnally expelled.t?

v

'Hecog!endations fcr_Further Study

As well as studles dltectly related to scaling up
the process, several areas could benef1 fron further study,3'

5 B
o

as fOllOHS‘

Effects of rawv naterlal on proce551ng, and on
guallty of the f1na1 product-.In partlcular, dry matter
content spec1f1c gravity, vatlety, naturlty, and cultural
o h1story are factorc uh1c§Nj}ahld be studled Varlous pre-

»ptoce551ng treatleuts may be found necessary to ‘improve

- proce551ng or product quallty V1th ‘some raw potatoes, and

these treatlents will need to be deterllned.'

2. Role of pectlc.substances in cell sttuctq;e and
1ntetce11ular blndlng. The tatlo of soluble to insoluktle
pectlc substances in the cocked potatoes uhlch gi§es laxinun
cell wall strength and llnlluu 1ntetcellu1ar Finding could
1be deternlned..Related to this 1s the lnco-pletely
yunderstood role of calc1ul in protopectln llnkages in the
rav and cooked potatoes, and the role of varlous sunfactants

1n affectlng gel strength._v I ;_v
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o 3, Pactors affeﬁthng ré%%n“"
% 5 9
not knoun prec1se§g why tﬁi freeze- -thea

 Some add -back granules. The reasons for these phenouena need

4

" to be understood so that the process can be run more

vfratlonally and posslbly 1nproved fdfiher. It may be that the
ice crystals cause occurrence of nlnute holes 1n the cell
valls thCh 1ncrease the perneablllty ofwthe cell walls.

. Blectron nlcroscopy and free21ng rate studies Hlll probably

he useful in thls area of - study.

4. Textural characterlstlcs- The rheologlcal

paraleters that are 1nvolved 1n the subjectlvely percelved

j‘textural characterlstlcs need. to be more prec1sely deflned

-and ohJectlve neasurenents need to be 1nproved so that
s

stralghtforuard instrumental -ethod of texture evaluatlon

. can- be developed for use 1n further product developlent and
quallty control The relatlcnshlp of th@ varlous rheologlcal
paraneters to the chenlcal and phy51ca1 propertles of the-
’-aterlal (such as concentration of alylose and pect1C'/
substances,'relatlve amounts of 1ntracellu1ar and

extracellular uater on reconstltutlon, etc ) alco need to be‘

det?rllned. L R ; »
Y ‘

5. Nutrltlonal quality: It is knoun that potatoes
‘can be a 51gn1f1cant source of vxtanln C in the dlet,,
partlcularly vhen potatoes are a staple conponent. The

:quantltles of thzs v1tap1n remaining after processing may be

C. |
i . : : y
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greater than those in ?dd back granules because of the
shorter and l1lder hea;‘treatnfnt in the freezevthau ‘

process. T?e levels. of v1ta:1n C should be checked, and'the.
process leéifled, if poss1b1e, to maximize the retentioa of

“this nntrlent.

6. Storage properties: The factors affectlng
product deterloratlon on storage need to be stud1ed so that
approprlate stotage cond1tlc%$ Can be specified. There maj"
be 51gn1f1cant ‘differences te@ueen the storage 11fe of'
freeze-thau grannles and that of add—back .grapules,. if in

fact the fteezlng and thavlng causes 51gn1f1cant changes in.

cell structnre Oor arrangeaent of cell co-ponents.
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