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ABSTRACT

A STUDY OF HOT WATER BLA}ICH SYSTEMS AND THE
SIT'ÍUIJ.TION OF }IODEL BLANCH SYSTE}{S AND THEIR

EFFECT ON THE QUALITY OF POTATO CHIPS

by

Gerald J. Gerbasi

Blanch water may not always be utilized to íts capacity in

the potato chip process before it is diseharged from the process"

Studies r+ere conducted to determíne (a) the effect of reused blanch

$rater on the quality of potato chips and (b) the effect of simu-

laËed model blanch systems on the quality of potato chips. An

atËempt was made i:o establish the effect of specific chemicals in

blanch systeas on the quality of potato chips. Límíted reuse of

poËato blanch r,¡aEer did not affect potato chlp quality. ConËinued

reuse of blanch r^rater resulted ín chips of darkened colour and

bitter taste, r,rith further use of the v¡ater resultíng ín an unaccept-

abl-e chÍp. rn Ehe simulated blanch systerns colour quality of the

chlp was affecÈed. by the glucose system, flavour and text.ure Ì¡rere

not affected by any of the model systemse i
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I. INTRODUCTION

trüater and v¡aste management has become a major part of the

potato proeessing industry. The industry musÈ learn to utilize
vrater to get maximum use from a given volume of \,rater and yet not

create v¡aste v¡hich l¿i11 be unacceptable.

Potato processors cannot sacrifice quality of product in

order to conserve 'r¡rater and hope to keep their prod.uct at a competi-

tive level. Potato chips, as well as oLher potato product.s have

become increasingly popular which is the direct cause for increased.

production" Popularity of these products is due to Ëheir conven-

ience, quality and price. This fact, as rvell as the rapid popula-

tíon growth, has created a tremendous increase in the productíon of

potato products. This increased production creates a greater require-

ment for fresh ',tater r¿hich in turn puts more stress on the locally

available naËuraL r,¡ater supply

Potato chÍppers must, nor¡ start examiníng the processing

systems, rarr materials and the equipmenË used to produce potato

chips ín order to increase efficiency and maintai-n quariËy. potato

gronTers have improved the quality of chipping potatoes, engineers

are supplying more sophistícated equiprnent and the processor is

utillzíng his operation Èo lts peak effícíency, The next step is to

obtain maximum use out of rav¡ materials. potatoes no longer need Èo

be peeled for processing Èhereby increasing yteld in the product.
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The nost recently developed tuber varíeties are physlologLcally

suited to processing and give higher quallty products. I,later

managernent people ancl food processíng engineers must now flnd ways

of utilizing water to a maxímum ín any given process. Quality

parameters must be esËablished for r+ater use in Èhe chtp industry

and quality tests seÈ up to control water quality for reuse. Before

water can be reused in any one syst,em all aspects of the system

musL be studied and understood so thaË quality of the product can

be mainÈained. This sËudy \{as designed to determine the effects

of blanch v/ater systems on Èhe quality of potato chips.



II " REVIEW OF LITERATIIRB

The potato processing system has become very complex and is

cornprised of many different processing technÍques all of which require

the use of great quantities of r¿ater. The untreated htaste r'¡ater load

per day frorn potato processing plants in the United States of America

ís equivalent to a population of about 5.5 lllillíon people (8). At

present 501z of. the poEaÈoes consumed in the u. s: A. are in processed

form which Sr'Éth (26) has suggested will increase to 757" by the year

1980. These facts point ouÈ the increased need for \'üater in this

industry withín ten Years.

The present trend ín the potato chip industry' according to

Brooks (2) i-s to use more process vlater than required because it ís

readíly available and ::elatively inexpensive. Brooks stated ËhaË

careful use of available water would be of benefít to Èhe processor

by reducing the size and Ëherefore Ëhe expense of a Large treatment

facility as well as reducing the Ëotal volume of fresh processing

r¡rater needed for the operaËion. The potato chip indusËry to date

uses approxiurately L to 2r4 gallons of water f or every pound of poÈato

processed (19) and quite often this usage could easily be reduced by

the reuse or recycling of r{ater in several of the operations.

Gailop (7) has pointed ouL that the potato industry should be

capable of recycling its lùasle vlaters at the same rate that they are



creaEed and

value within

these waste rrrat,ers therefore should have an input

or: more of the other Drocesses.

2.L Potato Chip Processing }feÈhods

Although processíng techniques used Ín the industry are

varied, Ëhey follow a somer.¡irat simil-ar pattern. The firsË step

consists of peeling, slícing and ¡vashing tir,e potato" Becker (1)

pointed out that in the future peeling potatoes for chipping will no

longer be needed. The tuber will be scrubbed and sliced, increasing

the yield in Èhe finished product by 5"/". He has also claimed that

this r.¡ill improve flavor, reduce rancidity and mosL important solve

many of the pollution problems associaËed r.¡ith the peelíng process.

The slice thickness of the potato varies fron 1/15" Ëo l/30"

depending upon the physiologÍcal condition of the tuber (23). Sraith

has indicated thaË the washing step is necessary to remove excess

starch and to prevent the poËato chip slices from sticking Ëogether

when fried.

Hot water blanehing can be used when tubers contain excessíve

levels of reducing sugars (ie., more than 0.2"/") (3). Bror,¡n (3)

claimed thaË blanching ËenperaËures should be beÈween l80o F and

2000 F. The present trend ís to remove Èhe hot water treatment from

the process thereby using only a cold water bath to remove Ëhe excess

starch. Thls would greatly decrease the volume as well as the

organic content of the water required (8) " AÈ the present Èíme it fs

knovm that hot rvater blanchlng not only l-ncreases the organic load in

the blanchlng medla (consisting of gelatlnized starch and coagulaÈed

that

one
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protein) but also causes an increase in total sugars (:t¡. Gallop (7)

pointecl out that blancir water acts as a solvent for starches, sugars,

proteins, vitamins, chlorophenols and minerals r¡hich contribute to

the chemical factors affecting the quality of the potato product.

The cirips are then dried by sponge rollers to remove excess

rüater. tr^Iater remaining on the surface of the tuber s1Íce rvould over-

load the frying oil reducing tire cooling temperature of the media.

The chips should be fríed at 3750 F. Hot air blasts (3) may be used

in place of sponge rollers to dry chip surfaces.

2.2 Factors Affecting Potato Chip Quality

Turnquíst (31) has extensively outlined

affecting chipping quality ín potatoes as have

LíËtle inforrnation is avaílab1e at Ëhe Ðresent

"how chernical build up ín blanch r.rater affects

of potat,oes . tl

the factors

many other researchers.

time in regards to

thc chinnino nrrrl i frz

2.3 Factors AffecËing Colour in the Potato Chip

Colour is the prirnary factor in the quality of potato chips.

Yrany researchers have shor.¡n the relationships between reducing

sugars and pot.ato chip colour as rqell as the relationships between

environmental factors affecting the reducing sugar content of the

tuber (9). Ilabib and. Brovm (10) inclicated that the colour change is

due to chemical reactíon ín the chíps during frying (caramelizatíor,

and l{aillard Reaction). They feel that although hígh levels of
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reducing sugars may inciicate a clark potato chip, these sugars may be

limited in brorvning by the level of free amino nitrogen available in

t.he slices " Iïabib and Bror,¡n (10) have sho¡¡n that the basic amino

acicls, prirnarily lysine, are more active in the colour reactíon than

neutral or acidic amino acíds. Hoover and Xander (13) agreed that

basic amíno acids are more active but indicate that histidine and

not lysine ís significantly involved in the colour reactíon.

Tor¡nsend and llope (:o¡ concluded that the bror'rning reaction betr¡een

reducing sugars and arn-ino acids is not really affected by acidic or

basic constituents. They also pointed out that lol¡ 1eve1s of

reducing sugars in the potato do not al'¿ays produce desirabl-e colour'

Sucrose, accordíng to Tov¡nsend and Hope , reacting wítir anr-Lno acids

could form a dark chip depending on the degree of acidíty in the

írrrino nil srnith (25) clairned that sucrose ín a potato tuber is
!r/!r¡{, v¡!.

ímportant in deËermining chip colour because of the ability and

Èendency of sucrose to breakdown ínto the reactíve reducing sugars '

Habib and Bror,¡n (10) reported the higher the suclose level the better

the colour in tire product because the condiEions under r'rhich the

chips are fried do not involve hydrolysis. Yamaguchí et al. (36)

claimed thaÈ 1or,¡ reducing sugar 1eve1s and high sucrose levels in

the same tuber does noL indicate that the resulting potato chips rvill

be of good colour.

Hoover and xancler (13) stated that phenolic cornpound levels

are significant ín chip colour. They also suggested that cirlorogenic

acidmayinhibittiresynthesisofstarch¡vlrichcouldresultin



chemical compounds l.¡hich may indírectly be capable of entering the

ìfaíllard ReacÈion.

Henderson (11) suggested that chlorogenic acid is not likely

Èo inlrilrr'f flro nhoSphOrylaSe enzyme ffom converting Stargh to

glucose-l-phosphate in tire potato tuber. Therefore Èhe ac.cumulation

of reducing sugars in storage by hÍgh natural levels of chlorogeníc

acid would not likelv be prevented.

Torvnsend and Hope (30) suggested that ínorganic compounds do

little to enhance the colour in chips although phosphates seemed to

promote Ehe hydrolysis of sucrose in the tuber.

ìIcConnell and Gerbasí (17) in worlcing v,'ith artj-ficial potato

juice systens found that iron had an outstanding effect on potato

chip colour rvhen added Ëo a solution of glucose and varied amino acíds.

Processing Ëechníques can be used to control colour in

producing poLato chips. Itesen (12) stated that colour could be

controlled by varying the thichness of slíce, blanchíng Ëechníques,

frying ternperatures as v¡ell as f ryíng methods. Ile pointed out that

microwave fryíng would be of benefit in chip colour but the process

is tæexpensive and has the everpresent danger of fire.

2"4 Potato Chip Flavour

Part of the flavour in a poËat.o ehip may be assocíatecl with

the brov¡ning reaction which occurs betvreen reducing sugars and amíno

acids. Smith (24) as well as Self (22) have wrirren that rhe

carbonyls in the potaLo chf-p are responsible for the chíp flavour.

They substantiaËed this fact by ísolatj-ng 215 dlmethylpyrazLne from
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chips inclicating flavour enhancement could come from the controlled

productÍ-on of carbonyls in the fryíng ol1. Smith (24) suggested that

flavour in tire chip rnay also be associated wtth the developmenÈ of

melanoidi¡ in pigment. According to Self (22) 307" to 352 of the

fínal total rueight of the potato chip is due Ëo the oil absorbed from

the frying media. He stated that. due to the fat content, cltips are

vulnerable to fat autoxidation thereby inducing off flavour in the

product.

Chang (5) has shorr¡n a relationship between methi-onine and

chip flavour. He substantiated this point by frying potaËo slices

in an oil treated wíth methionine resulting in an ímproved potato

chip flavour.

2"5 Texture of Potato Chips

l4atz (16) and Brown (3) stated that potaÈo chips aTe a result

of the dehydration process v¡hich occurs simultaneously with the

cooking or frying process. Crispness, according to \latz (f6) ís

caused by the crisp netvrork of dehydrated starch and proteín. Smith

and Davis (27) claímed Ëhat the starch ce1ls are gelled, dehydrated

and have part of the natural chip vlater replaced by oil during the

f.rying process.

Potato chips (16) have a crítical moÍsture level of 5"/.. The

moisture content of the chip must be r,¡atched closely as the chíp will

readily pick up moisture betrveen frytng and pachaging.

smith (27) found that smal1 amounts of sodium pyrophosphate

r,¡hen added to the frying media resulted ín potato chips rvlth increased
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crl-spness but rvítl-r side effects cletrimental to qualíty such as acidic

flavour and darli colour

Blisteríng of potato chips (27), which affects crÍspness, is

a direct result of ce1l separation and ís caused by the expansíon of

steam trapped wíÈhin the slices duríng the cooking process.



III. I.ÍETIIOÐS AND I'ÍATERIA]-S

3.1 Introductíon

Thís study r¡as designed to deterrnine the effecË of specific

blanch vrater systems on the quality characterisÈics of the poËato

chip. Build up of soluble starch, reducíng sugars, arnino nitrogen,

soluble iron and phenols ¡vas determined over a series of blanch tests.

Blanch rr¡aters were then simulated with varíous 1eve1s of

solu'ole starch, reducing sugars, soluble iron and phenols. The

levels of the chemicals used r^rere determined fron data obtained from

anaLyzíng blanch waters. These sinulated \.^Iaters v¡ere then used to

blanch poËato slíces ín preparation for frying. The resulting

poËato chips v¡ere then submitÈed Èo qualiÈy tests. Data rvas

collecÈed for colour, flavour and texËure and analyzed to determine

Èhe effect of Ëhe simulated systens on the quality of potato chips.

Three varieties of Solanum tuberosum L were used ín deter-

mining the build up of chemícals in Ëhe hot ¡vater blanch system. The

poËato varietíes used r¡ere Kennebec, Superior and Norchip all of

vhich \,rere supplied by the Old Dutch Potato Chip Co. Ltd. upon

request "

The final stage of this study was carried out durJ.ng the fall

of. L97L and for this reason the varietv used r,¡as Kennebec. Kennebec

has proven to be an excellent variety for chipping from early

storage and 1t was the variety beíng used by the Old DuLch PotaLo

IO
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Chfp Co. Ltd. at that particular time.

This study \Ías based on the commercial rnethods of processing

and all experímenÈs \,rere carried out as close as possible to

commercial condiÈions .

The data for colour, flavour and textural qualiÈÍes of the

potato chip rvas anaLyzed by analysis of variance using the factorial

desígn.

3.2 Laboratorv Studíes

Laboratory studies were carrÍed out to ínvestígate the buÍ1d

up of cheraicals in poËato blanch systeû¡s and to deËermine their

effect on the quality of potaËo chips.

3.2"L Sanple Preparatíon

Blanch r,¡aters of three concenËrations rüere prepared by

blanching one, tr¿o and three loÈs of potato s1íces in a given

volume of r,raËer" A sarnple r"as taken after each blanch and anal-yzed

for soluble sËarch, soluble iron, phenols and reducing sugars.

Símulated blanch sysËems Ì^iere prepared using the data from

the blanch water analysis. Potato slices r,/ere Ëhen blanched in

these systems, fried and studied for quality.

3.2.L.1 Blanch Wauer

Potatoes, supplied by O1d Dutch Foods Ltd., WinnÍpeg, ì{ani-

toba, Canada, were brought to the laboratory Ln 22,700 g 1ots. A

random sample of 31000 g of tuber rüas selected from Èhe 221700 g lot,

r+ashed, dried and reweighed"
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The first of the Èhree samples r,ras blanched in 2 9" of tap

rÌater at 2I0o F f or three ml-nutes. The slices rrere then removed and

rj.nsed, the rinse water r.¡as used to replenÍsh the volume of the

blanch water to the original volume of trvo litres. The second sample

v¡as blanched in the same r¡/ater as the first sample and the third

sample was treated in the same vray.

After each sample was blanched, 50 mls of blanch water were

taken from the system prior Èo the addition of rinse \'rater to the

blanching media. Ten of the fifËy m1s were placed in a 100 ml

volumetric flask and made to volume" This portion v¡as used for the

deterrnination of total reducing sugars, phenols and soluble íron.

The remaining portion of the 50 ml sample was used directly in the

Starch Test.

3.2 "L.2 Blanching and Frying Slíces for Chip Quality

Símulated blanch r^raters were developed r¡ith varÍous levels

of reducíng sugars, soluble starch, phenols and soluble iron. The

levels of chemicals in the v¡ater were determined by the analysis of

the blanch water described ín 3.2.2. The chíp slices were prepared

in Èhe same manner as thaË described in 3.2.I.I. Five hundred fiftv

grams of sliced tuber rvere blanched in 2 9" of simulated \.rater at

2100 F for three minutes" The slíces were then removed from the

blanch system and vigorously agitated to remove the excess krater.

One hundred fifty gram samples were taken from each lot of chips,

fried and paclcaged for testing"
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To fry the samples the 150 g sample rvas placed in a fryíng

basket and fried for Ehree minutes on a model 80-03 "Garland" fryer.

The frying media was t'Fryene", a commercial vegetable frying fat

produced by Srrif ts of Canada LÈd. The fryíng temperature \^ras

approxímately 3750 F and kept as uniforrn as possíble. The variation

of frying temperat,ure rras investigated by Yaciuk (35) and consfdered

not to interfere wiËh the analvsis of colour.

The frying media r,ras changed af ter each sample run to

prevent the possible effect of the faÈ on the colour, tasÈe and

texture of the potato chips.

Chips blanched in hot rùater result in an uptake of approxi-

nately 30Z" Eo 35% (22¡ " Overuse of the frying medía may cause

polymerization, rancidity and off colour due Ëo the build up of

reducing sugars. To minimÍze error the fat rras changed constantly

to ensure good quality product.

AfËer frying the chips were placed on paper tor¿els and

blotËed to remove excess fat before packaging.

3.2.2 Chemícal Methods of Analysis for Blanch T,^Iater

The methods of analysis used r,¡ere basically standard methods

of analysis for plant tíssue. These rnethods as such have been

adapted for the blanch rnrater rvith slight modificaËíon.

3.2.2.1 Determination of Total Reduclng Sugar (21)

Thís is a standard method for the determination of reducing

sugars in plant tissue. ï\+o mls of blanch t/ater were used directly
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in this method therefore no extracts rüere carríed out on the sarnple

used.

3"2.2.2 DeÈermínation of Total Soluble Iron (33)

This ís a standard method of analvsis in r.¡hich 25 ml of

prepared blanch r'/ater was diluted to 5 mls and a 20 ml sample of

this diluted blanch water r,/as used f or analvsis.

3.2.2.3 Determination of Total Phenols

The rnethod used for the deLermination of total phenols was

a modÍficaËíon of the meÈhod proposed by Folin and Ciocalteu (6) as

used by Yaciuk (35) at the Uníversity of }faniËoba. A 10 url aliquot

of sample blanch r./ater was used directly in this method of analysis.

3.7-"2.4 Starch Determination (28)

This method of Steiner and Guthrie (28) was designed to

anaLyze plant tissue for soluble starch by use of a Polarimeter.

This method was adapted for r¿aÈer analysis by placíng a 10 url

aliquot of blanch r.{ater in a 100 rnl pyrex centrÍfuge Ëube of known

weíght, weighed and then analyzed as outlined by Steiner and

Guthrie (28).

3"2.3 Colour Ìfeasurernent of Chips

The col-our of each sample was read. on a l,fodel D 25 |tHunter-

l-ab" Colour and Colour Difference ìleter usins a v¡hite standard tile

wíth the follor,ring values as a reference: L = 93.8, a = -L.L,

b = *2.3.
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The colour or hue of the chip ís given by the "a" and "bt'

values on the Hunter Colour Difference }feter. The "L" value is a

measure of brightness based on an arbitrary scale of zero to one

hundred, zero being the darkest or black and one hundred being the

brightest or white. Since the most meaningful measurernent to the

chÍp industry is Èhe "L" value and the acceptable level is 45 on

this scale (32) the "L" value \^ras recorded f or analysÍs.

The cirips r'¡ere broken into small pieces and placed on the

"Hunterlab" in glass containers. The L value was then determÍned

with Ëhe ttatt and ttbtt values renaining constanÈ.

3.2.4 Chip

the sample chip was deËerrnined on the C. l^I.

TexËur-o-meter.Brabender /General Foods

The machine r./as allor¿ed to waru up for one half hour before

use. An aluminum dísh rsas used as the sanple cup and the large

plunger r¿as also used r¿ith a clearance set at 3.5 nun. The chart

speed \nras seË at a 750 nm chewÍng speed set on low (12 bites/minute)

and Èhe voltage seË at 5. The sample r^/as then tested, the sample

size was one chip.

3.2.5 Flavour of Chip

MulÈlple ComparÍson Method (f5)

A taste panel $Ias se! up consisting of four judges picked

group of twenty-one possíble judges. The judges \.Iere given

of chtps and a reference sample to whlch each sample s¡as Ëo

Texture of the

The texture of

fron a

samples
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be compared. Each sample was to be judged as better than, compar-

able to or inferior to Ëhe reference. The samples were tasted

¡víthout any addíÈives such as salt which could interfere ¡uith the

comparison of a sample to Ëhe reference. The judges rvere instructed

t,o rinse their mouths af ter tasËing each sample with rnilk, for

comparison to the reference. The judges sarnpled the chips ín an

enclosed roome one at a Ëime and rsere not allor.¡ed to discuss their

resulËs.



IV. RESULTS AND DISCUSSION

4,L Introduction

The literature previously cited is based on the chemical

composítíon of potatoes and the varlaËion it may cause on the

quality of the pota¡o chip a given tuber may produce. In this study

the che¡nical composition of the blanch r^rater rvas deLermined and the

effect on the quality of potato chips evaluated.

The object of th-is experiment \¡las to evaluate the effect of

certain chemicals, in the blanch vrater, on the qualíty of potato

chips. Blanch rvaLers r,rere analyzed f or specif ic chemicals and the

build up of these chemicals in the blanch system after one, tr¿o and

Èhree uses. Once the levels \,/ere established l¡lanch \./at.ers were

simulated using: reagent grade phenol, glucose, ferrous ammonium

sulphate and potato starch. Therefore chips v¡ere evaluated for

quality and the daËa analysed Èo show Èhe effect the above

cheniicals, in a blanch system, would have on the quality of potaËo

chips.

Method of zlnalysís4"2

The data collected from Èhe colour and texEure studies r{êr€

anaLyzed by factorial design analysís of varíance. There were four

chernical treatment,s at three levels of use with four replíc:'-tions.

The factorl-al deslgn analysis of variance was also used on

the flavor data. There ï/ere four Judges, four repllcatlons and eleven

L7



treatmenËs. The treatmenrs rvere limited

samples.

1B

due to Èhe large number of

4"3 Blanch trIater

Hot waEer blanch systems r,¡ere ínitia11y sÈudied to esÈablish

levels of reducing sugars, phenols, soluble iron and soluble starch

af Ëer one, Ër,ro and tirree blanches ín Èhe same system. Three

varieties of chipping potatoes; Kennebec, Norchip and Superíor were

used for this study" Average levels of the designated chemicals

r¡ere establisired after one, tvro and three blanches (fa¡le t). The

hoË rvater blanching trials tíere repeated twelve tines. All chemical

analyses ruere duplicated. Kennebec was used in seven trials,

Norcirip i.n four and Superior ín one; no differences r.rere observed

between varieties. The chenicals studied increased in concentration

through this series of blanches rvitir the exceptíon of soluble iron

which decreased after the second rínse of the blanch r¿aÈer.

The physícal appearance of the blancil rùater changed notice-

ably from the firsË to the thírd blanch of each trial particularly

in Ëhe viscosity of the fluid (Figure 1).

It was observed thaÈ the \"later became cloudy and had a slight

red-bror¿n tínt after one use: the second use of the blanch water

intensified the same characteristics, but after the thírd use the

water \^ras very viscous v¡hile the colour tint remained the same. At

this point the \iaEet \^Ias no longer usable from a physical standpoint

for blanciring potato s1íces. It was felt that the increase in

vfscoslty and cloudiness was due Èo the gelatlon of potato starch
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TABLE I

Average Composition of Blanch tr^Iater

Chernical Blanch /11 Blanch /,¡2 Blanch //3

Reducing Sugar *

Soluble lron*

Total Phenol*

Soluble Starch**

267 .89

3 "79

3 "43

0.60

487.L4

6 "48

4.97

0.80

606.18

3.7r

7.25

L0.27

*mn o /r:'l

**7" by weight





2T

since the temperature of the blanching medlum exceeded the gelation

point of potato sLarch.

The colour of the system r+as believed to be a result of Lhe

oxidation of phenolic compounds, resulting in a rust brovm colour.

This can be further illustrated by the exposure of a dilute catechol

soluÈion Èo the air for one-half hour rqhi.ch t¡ould result in a similar

colour.

Blanch vrater may be treated physically rvith different

ËechnÍques such as cenÈrifuging and filteríng to remove nany of the

suspended sol-ids in particular starch and tissue. Cold r¡ater blanch

systems are much easíer to treat physically than are hot vlater

sysÈems as the starch does not ge1 and the tissue of Ëhe potato

slice ís not as fragile in a cold r,iater system. Centrífuging and

filtering ín hot water may possibly al1ow for further use of the

blanch media and could possibly be a new area of research as this

sLudy only looks at the accumulation of chemicals and the effect on

chip qualíty.

4"4
\

Chip Ouality

Potato slices blanched in fresh r¡Iater and fried resulted in

high quatity potato chips but. r.¡hen the blanch r¿ater v¡as reused the

chÍps darkened in colour and a slight bitterness \¡Ias detected in the

chips produced from second use blanch Írlater (Figure 1). Chíps

produce<l fronr blanch water used once previously vlere not inferior

in quality to chlps produced from fresh \^later. l^Ihen the waËer vias

used for the thírcl blanch, colour, flavour and Ëexture of the chlps
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r,¡ere unacceptable. These observatl-ons were obtained wíth a selected

group of people (5 persons), using the Arthur D. Little System (15).

It rvas felt that the colour lras affected by the increase of

total reducíng sugars and amino nitrogen in the blanch system by

means of the Maíl1ard Reaction as rse11 as caramelization.

The flavour of the chip r¿as felt to be the result of a conr-

bínation of factors; (a) increase in caramelization which tends to

give a bitter flavour, (b) phenols rvhich will reacÈ \^?ith free

chlorine ín tap \.^rater to produce chlorophenols, a compound wirich is

readily detected by the palate at very minute concentraËions and (c)

a build up of alkaloids. The build up of alkaloids could be attri-

buted to two factors. (i) Some potatoes randourly selected appeared

to have Solanine build up due to planting Ëoo close to the surface.

(ii) Tubers used were not peeled and the eyes of the potaÈo tuber

are collection points for alkaloids therefore allowing this chemical

to remain in the chip slice or else be picked up by the blanching

media and eventually being distributed to Ëhe surface of follovring

loLs of poËato slices. Alkaloids were not studied due to the time

involved of sample preparation and chemical methods.

The texture rras considered to be a problem after the third

use of the blanch water. It was suggested Ëhat a thln layer of

geLatíntzed starch remained on the potato sllce after blanching and

rlnslng due to the extremely vfscous blanch r.¡ater"

Inlhen the chip was frfed a crlsp network formed due to the

starch as suggested by lúatz (16). Thís crisp coating would prevent
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the uptake of oil to reprace tire moísture driven from the chip 1n

the dehydration and frying process.

4.5 Effecr of the }fodel System on the Qualíty

of Potato Chips

The levels of chemj-cals used for the sirnulated blanch systems

v/ere;

Level I is fresh tap water, no chemicals added,

Level rr is the lowest rever of chenicals found in the

blanch systems,

Level rrr is the highest leve1 of chemicals found in Èire

blanch systems,

as presented in Table II.

4"5"L Potato Chip Colour

Data for colour (Appendices f & rr, Figures 1-16) ind.icares

thaË glucose when used alone in a \,Jater blanch systen, significanËly
affects the colour of potato chips. Neither iron, phenol nor starch

shor¿ed any significant effecÈ at eíther leve1 when used alone.

There vras no significant effect with any combination of the added

chemícals in the blanch v¡ater on the quality of corour in the

poËato chip (Appendices I, Figures 1_16)"

The effect that glucose had on the cor-our of the chip indi-
cates that high reduci-ng sugaï levers in a blanching system may

affect qualíLy in a similar vray in v¡hich Irablb and Brovrn (lo)

lndicated that high levels of reducing sugars tn Èhe tuber nay cause



24

TÂBLE II

Levels of Chemícals for SÍmulated Blanch trrlater

Chemíca1 Level //1 Level ll2 Level //3

Reducing Sugar*

Soluble lron*

Total Phenol*

Soluble SÈarch**

0

0

0

0

268

3.5

0.6

606

6"5

7 "25

]-0.25

* mcg/rn

** % by r+eight
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a dark potato chip. The colour of the chip although not acceptable

when processed in the modeL systen, \,ras not extremely dark ín

appearance. It 1s suggest.ed by the author that the colour dld not

darken rnore as there L,ere no amino acl-ds added to the blanch system

and as stated by Habib and Brovm (f0), the sugars may be liurited in

brorvning by the level of amino nitrogen avaí1ab1e ín the sysLem.

It is felt that some type of chemical interaction beÈr¿een

glucose and tite other chemícals in the model system prevenË the

glucose from entering into the l,faíllard Reaction durÍng the frying

process. The effect on colour by phenols and inorganíc compounds

(11, 13, 30) is mainly by metabolÍsrn in the Ëuber, the ultimate

effect being to íncrease the reducing sugars in Èhat system. As

indícated by the model system, these cornpounds would noË likely

affect the colour of the chip r+hen they are present in the blanching

medium.

4.5.2 Potato Chíp TexÈure

Anal-ysis of variance data índicated that the simulated

chernícal systerns used for blanchíng had no significant effect on the

textural quality of the potato chips at either 57" or 12 levels

(Appendices III & IV, Figures f7-3f) " This indicates that it is

noL likely thaË any of the chemicals used alone or in any possible

combination wíth each other in a model system would affect the

textural quality of potato chips"

Matz (f6) stated that crÍspness fs due to a netlrork of

dehydrated starch and proÈein 1n the poÈato chlp as a result of
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frying. As neither protein nor amino acids were added to the model

system it is possible that perhaps, protei-n and amino acids rnay be

limiting facÈors in blanch rùater on the textural quality of Èhe

potato chÍp.

It was found in a study by }.fcConnell and Gerbasi (L7) that

a combinat,ion of glucose, amino nitrogen and iron salt ín solution

and applied to filter paper discs (asbestos and cellulose) and fried

caused Ëhe disc to become very brittle and dark. This may also

l-ndicate thaË arnino acids uray play a part in the textural quality of

poËato chips" The íron did noË appear to have any effect on the

qualiÈy of the chips produced in this study using the rnodel blanch

system"

4.5 .3 Potato Chip Flavour

A multiple comparison difference analysís Ëest (Appendices

VII) v¡as conducted to determine what effect the simulated model

system would have on the flavour of potato chips. The analysis of

varíance data indícaËed that no significanË differences occurred at

either the 57" or I% levels for treatments. The resul-ts showed that

the judges disagreed in their assessment of product flavour but tne

lnteraction between judges and treatments 'n¡as noL significant,

indícating thaË product flavours did noÈ vary significantly

(Appendices V & VI)"

A flavour problern \^/as expected due to Ëhe levels of phenol

1n the blanch waLer. It rras expecÈed that the phenol would react

with the free chlorfne forming a bltter substance, chlorophenol, to
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whlch the palate is exËremely sensítlve. This does not seem to have

occurred as exLreme bítter flavour v¡as not reporÈed by any of the

judges. Flavour in chíp can be devel-oped to some extent by the

browning reaction whlch occurs during frying. It r¿as expected Ëhat

a fl-avour problem would have occurred in Ëhe chips blanched in

glucose as these chips were noQ accepËable for colour. A bitter

flavour can usually be detected in chíps r,¡hich are dark in colour

but Èhis association did not appear in this study.

Sel-f (22) and Chang (5) staËed thaË the fat in the frying

medium affects the flavour of the product. Flavour contamination

by the fat was prevented by ninimal use of the fat and other good

nanufacturÍng pracËices to Prevent qualiÈy deterioration in the

ttfryenett



\I CONCLUSIONS I.IITH SUGGESTIOi{S FOR FURTI{ER STUDIES

Chemical build up occurs in blanch \"raËers at approximately

the same levels wheÈher Kennebec, Norchip or superior varieties are

used. Glucose, soluble starch and phenolic compounds increase as

Ëhe frequency of '$rater usage increases. soluble íron decreases in

concenËration r¿hen the blanch rvater is reused more than tr¡ice. The

fluíd will becorne highly viscous due to the gelatinization of potato

starch. The r¿ater is unusable afÈer a Èhird blanch due to the

increase in viscositv.

Blanch vrater cannot be reused more than once, without some

type of physio-chemical t,reatment, without affecting at least one of

Êhe qualíty factors of a potato chip (Figures 1 and 32) . Horrrever

two lots of 550 g of Ëubers \^rere blanched in Ëhe same 2 .{, of water

wít,h no detectable quality defects in Ëhe product, outside of a

sIÍght darkening in colour (Figure 1).

Potato chip colour is affected by the presence of glucose in

the mode1 blanch medium. Soluble starch, soluble iron and phenol in

the model system do not affect colour quality in a potato chip, nor

wíll they affect texture. Although the judges disagreed Ín their

assessment of the product flavour it was proven that all the samples

Iüere acceptable in flavour therefore unaffected by Ëhe forementíoned

chemical-s.

Although reusing blanch r,/ater may affect the qualtty of chips

44
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regardless of potato variety, thls study indicates that soluble iron,

soluble starcir and phenols rvill not alter the potato chip quality to

any significant extent. Reducing sugars in blanch \'/ater will affect

the quality of potato chip colour as illustrated by the study usíng

model systems but will noE affect fl-avour or texture.

The author reconnends further study ín this research project.

Factors r.rhich should be considered are:

(1) removal of gelatinized starch from blanch waËer by

physical methods,

(2) effect of amj-no nitrogen in the ¡nodel system on the

colour, flavour and texture of the potato chip,

(3) effect of alkaloids in the model sysËen on the colour,

flavour and Èexture of the potato chip,

(4) the correlaLion of C.O.D. and pH on the blanch system

on Ëhe quality of the potato chip.



VI. INDUSTRIAL APPLICATION

Problems i.n water pollution are rapidly decreasing the

aval-lability of !,rater to the food industry. The potaÈo chip

industry is parÈicularly guilty of rvasting \,rater. A potato chip

plant in ì{anitoba, Canada, estinaÈes that Ëheir usage is one litre

of water for every 300 g of tuber processed.

As this thesis has shornm a ratio of 550 g Èuber to one litre

of water may be used in a hot water blanch sysËen with no adverse

effect on qualíty, therefore it is likely that rnany chipping plants

could decrease their r.rater usage. As many plants are no\¡r converting

Ëo cold \,rater blanch s)¡stems the water should be able to handle an

even greaÈer load of potato tubers.

Recycling in a cold r^rater blanch system could easily be

established in cornparison to recycling hot blanch v¡ater. The con-

centration of potato matËer would not build up as fast in cold water

and the cold water is not as likely to leak ouL as high a concentra-

tion of chemÍcals as the hoË r¿ater svstem. The most obvious

advantage is that colloidal starch would be removed without difff-

culty in the cold vrater blanch. Phenolics and amino acids may be

removed by resin columns and activated carbon and Ëhe reducing

sugars may be kept at a safe leve1 through dilution r+íEh fresh water.

In a hot v¡aÈer system the gelatíon of starch causes nany

problems in cleaning and recycling the vrater. This problem as rve11
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as others are presenLly under study at the Food Scíence Department,

UnÍversíty of }lanitoba under the d.irectíon of Dr. R. A. Gallop.

Although the trend ín the chippÍng índustry is tor'¡ards 1or¡

reducing sugar potato varietíes and cold rrater blanch systems the

French Fry Industry must continue Ëo use a hoÈ water blancir system.

The authors conducted a brief study on the effects of recyclíng

blanch r,rater on the quality of French Fries. The affect on colour

and flavour were found to corresponC with the results ín the first

sectíon of this Ëiresis " The effecÈ on colour can be observed in

FÍgure 32.
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A?PENDL\ I

Analysis of Variance

Color of PotaËo Chips



Source

Glu

Phe

G1u Phe

Iro
Gl-u lro

Phe Iro
Phe lro

SÈa

Glu SËa

Phe Sta

Phe Sta

ïro Sta

Iro Sta

ïro SÈa

Iro Sta-

Degrees of
Freedom

AnalysÍs of Varíance

Colour of PoËato Chips

GIu

2

4

2

4

Õ

2

4

B

B

B

L6

240

323

G1u

GIu

Phe

t'J-u rne

Error

TOTAL

Sum of
Squares

2s3 . 81

36"31

116. 31

43.s6

14.69

47 .25

40. B1

^^ 
tFzJ, t)

19. 81

19. 19

62.44

89 .31-

33.75

r}L.44
r15. 81

3279.06

5081.13

Mean
Square

L26 "9L
18.16

29 "08
2L"78

3.67

11. 81

5.10

1-1. BB

4.95

4. B0

7 .BL

22 "33
4.22

L2 "68

7 "24
13.66

Calculated
ñ

Qto

l_. 33

2 "L3
1" 59

0 "27
0. 87

0 "37

0. B7

0. 36

0. 35

0 .57

1.63

0. 31

0. 93

0.53

ãl 5%
1t/

Tabulated
F(.0s)*

leve1
leve1 of

3.04

3.04

2 "4L

3.04

z.4L

2.4L

1. 98

3.04

2.4L

2.4L

1. 98

¿ ..+L

1.98

1. 9B

r.69

significanee.
signÍficance.

Tabulated
F(. Ot¡;tx

l, -71

4.tr

4.7L

3.4L
2 /, 1

2Lñ

4./L
1. /,1

1 /.1

¿. ou

1 /,1

¿.or)

¿.ou

? ílo

\JI
5.
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Mean Colour Reading of Data plotted
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ìlean Colour ReadÍng of Data Plotted

Treatrnent Level* Ifean

Glucose

Phenol

Iron

SËarch

1

2

3

1

2
3

1
2

3

l_

2

J

50.24
49.62
48.L7

49.75
49.14
49 "L3

49 "78
49 "27
48.98

49 "37
49.s9
49.06

* See Table II.
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Mean Colour Reading of Data Plotted

Treatment Level* Mean

G1u phe

Glu íron

Phe íron

G1u starch

Phen sta

Iron sta

11
22
33

11
22
33

11
22
33

11
22
33

11
22
33

11
22
33

49. B0
49.83
47 .84

50. 89
49.27
47.72

s0.49
48.70
48.s4

49.89
49.69
47 "52

49.89
¿o 01

48. BB

50.45
49.46
48.L9

* See Table II.
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Mean Colour Reading of Data Plotted

Treatment Level* Mean

Glu Phe lron

Glu Phe Sta

Glu lron SÈa

Phe lron Sta

Glu Phe lron Sta

111
222
333

111
222
333

111
222
333

111
222
333

1111
2222
3333

51.04
48.77
46.38

49.sr
50. 31
47 .L7

5L"23
49 "8s
46.58

51. 85
49.04
47.29

50.90
49.52
45.32

* See Table II.



A?PENDIX III

Analysis of Variance

TexLure of PotaËo Chíps



Source

n'1 ..u!u

Phe

Glu Phe

Iro
Glu lro
Phe lro
Phe Iro

Sta

Glu Sta

Phe Sta

Phe SEa

Iro Sta

Iro Sta

Iro Sta

Iro Sta

Degree of
Freedom

Analysis of Variance

Texture of Potato ChiPs

Glu

2

,J

4

a
L

I

-
I
2

+

L+

B

+

B

I
L6

240

323

Sum of
Squares

Glu

Glu

Phe

Glu Phe

Error
TOTAL

0 "92

u"¿4

0.97

0.13

0.51

0.69

L.92

^ ^4,

0.35

L.52

r:45
r. 0l
2.05

2.97
t, 

^1
49.T8

tt.4)

Mean
Square

0.46

a "L2
0.24

0.06

0.13

0.L7

0.24

0.33

0"09

0.38

0. tB

0.25

0 "26
0. 37

0.29

0 "2L

Calculated
I

2.24

0.60

1. 18

0.3r
0.63

0. B4

I"L7
1.60

0 "42
1. 85

O. BB

L.23

L.25
1 A1

L"42

* 5% level
*"* 1Z level

Tabulated
F(.05)*

3.04

3.04

¿. ¿+L

3.04

2.4L

¿.+L

1.98

3.04

2.4L

2.4L

1. 98

2.4L

1.98

1. 9B

L.69

of significance.
of signifícance.

TabulateC
F(.C1¡'t*

4.7L

4.7L

3.4r
4.7L

3.4r

2.60

4.7t
5.+L

3.4L

2 "60
J.¿+I

2.60

¿.ov

2.09
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Mean Texture Readíng of Data Plotted
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Itlean Texture Reading of Data Pl_otted

Treatment Level* Mean

Glucose

Phenol

Iron

SËarch

aI

2
3

I
2

3

I
2
3

1
2
3

3. 39
3.31
3.44

3.3s
3.4r
3.39

3.37
3.37
3.40

3.42
3.32
3.40

* See Table II.
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Mean Texture Readinq of Data Plotted

Treatment Level* Mean

Glu phe

G1u lron

Phe Iron

Glu Sta

Phe SÈa

Iro Sta

11
22
33

11
22
33

11
22
33

11
22
33

11
22
33

11
22
33

3. 39
3.23
3.38

3.35
3.28
3.39

3. 33
3 "37
3. 48

3"38
3.20
3.44

3.44
3.32
3.48

3.4s
3.4L
3.48

*See Table II.
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ì4ean Texture Readíng of Data Plotted

Treatment Level* l,Iean

Glu Phe Iro

Glu Phe SÈa

Glu lro Sta

Phe Iro SËa

Glu Phe Iro Sta

111
222
333

111
222
333

111
222
333

111
222
333

1111
2222
3333

3. 3r
3.33
3.24

3.39
3.27
3. 31

3. 30
3.34
3.45

3.32
3,32
3 "79

3.18
3.60
3.20

¡tSee Table If "



APPENDIX V

Analysis of Variance

Flavour of Chip



Source

Judges

TreatmenÈs

Judges & TreatmenËs

Error

TOTAL

Degree of
Freedom

Anal-ysis of Variance

Flavour of Potato Chips

Sum of
Squares

10

30

L29

L75

* 5% Ievel of significance
't* 1Z level of significance

34.1r

7.78

47.76

273.29

382.L6

Mean
Square

11. 37

0. 7B

1 qo

2.L2

Calculated
ñ¡

5.37

0. 37

0"75

Tabulated
F(.0s)"'.

2.68

1.90

1. 55

Tabulated
F(.0t¡**

L 0/,

2.47

r. B5

o\
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Means of Flavour Data
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Ifeans of Flavour Dat.a

Treatment Level* Mean

Glu Phe lro Sta 1111
ILL2
1113
]-L2T
1131
L2LL
1311
2LIL
311_1

2222
3333

5.00
5.13
4.81
4.81
5.06
4 .88
4. 81
5.31
4. B8
4. s0
4 "69

*See Table II"
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MULTIPLE COMPA?.TSON

DIFFERENCE ANALYSIS

}IA}{E DATB

QUESTIONNAIRE:

You are receiving samples of potaËo chips Èo conpare for
flavor. You have been given a reference sample, marked R' to r"hich

you are to conpare each sanple. Test each sample; shorv r¡hether it
Ís better than, comparable to, or inferíor to the reference' Then

mark the amount of difference that exists'

Sample Number

BeÈter Ehan R

Equal to R

Inferior to R

AMOiJNT OF

None

S1-ighr

Moderate

Ifuch

Extreme

DIFFERE}ICE:

COìû"IENTS:

AnY comments
be made here:

you may have about the fl-avor of the samples rnay


