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, | © ABSTRACT .
, : The reaction propertres of two d‘.merc1a1 preparations
of glucose ox1dase, DeeO. 1500 in- powder form and Fercosyme
CBB 750 ‘in liqu1d form, were studied using a polarographid

method. The exper1mental act1v1t1es of both preparat1on§

‘were much h1gher than declared. The - Michae11s constant was

0 27 M end 0. 26 M glucose for powder and 11qu1d enzymes,

respect1vely Temperaéwre had no apprec1able effect on the
reactlon rate in the.range studied (25 to 40 C) Bofh enzyme

preparatlons haa a relatxvely broad effectlve range of pH

\anrom 4 to 7, w1th optlmal pH s around 5.0 and 5. 5 for powder

and llquld enzymes, respect1vely. The liqu1d\§nzyme had’ a

'superlor thermal stability to the powder enzyme/.
The two glucose oxidase preparations*were;applied*to‘

_ minimize the undesirable nonenzymatic browning in :potato

L

' chipssand French fries.'Apparent 1mprovement of l1ghtness N

v

and un1form1ty of color of potato chlps was achleved w1th
potatoes marg1nally suitable for chlpplng (glucose content =

0 ,3%), by d1pp1ng potato sl1ces ‘in 0. 05% . (w/v) powder enzyme

,.’

or 0.10% (v/v) 11qu1d enzyme at <40°C for 30 m1n or 1onger.

s

' In the French fry process, the steam blanchlng (7 min under

’\\\etmgspher1c pressure) followed by water leachlng (535 C for

~up to 15 min), of potato strlps retained more flavor 'in
French frhes than the recommended hot water blanch1ng (85 C

“for 15 ‘min). Dlppxng of steam-blanghed potato strxps in 0.2%

(v/v) 11qu1d enzyme or 0 1% (w/v) powder enzyme at 535 ¢ for-

up to 15 min ;mpgoyed to a 11m1ted extent the 11ghtness



. I‘.
and unzformity of the color: of Frgnch’fr1es when compared to
the control (d:pping in tap. water). ;; R e g

The 011 content ob\gotato ch1ps was 1ncreased by the

l>dipping treatment, e1ther in ° tap, water or in enzyme ',

,r

N ]
~solut1on. Steam bl ch1ng folldWed by d1pp1ng in" water ‘or

enzyme solution p duced French fr1es of lower o11 content
g

& .
- than when hot water blanching was used. The dlucose oxidase .

treatment imparted no off-flavor to potato chips or French.

fries.

vi .-
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| 1. m'rnonuc'rlon |
o " The: color of some potato products, such as potato c‘1ps”5
and Eﬂench fr1eshhxs of pr;mary 1mportance 1ndetermax1ng‘
"the-acceptance\of the products. The discolong&ion“of these
potato products could be caused' both :enzymaticallya and
»Anonenzymatlcally. Enzymatic brownlng, whxch‘occurs 1n peeled
.or cut potatoes when exposed to a1r, results from the |
act1v1ty of polyphenol oxidase on some phenols to form dark
" polymers (Lerner and F1tzpatr1ck 1950 Mondy et al., 1960)
. Nonenzymat1c brownlng, also kno;n as the Malllard reactxon,v
is "a group of chemlcal react1ons involving the amino - and
carbonyl functlons ‘present 1n foodstuffs and 1ead1ng to
vbrowninc and - flavor productiqn" & (Mauron, 1981) * The
discoloration in fried potato p;oducts - can be attrlbuted'
//r ma1nly to nonenzymat1c brown1ng.
. As .reduc1ngv sugars -are . the ;limiting; reactants‘ in
nonenzyhatic browning, . potatoes of'-appropriate' variety,
matur'ty and post harvest ‘handling with low reduc1ng sugar
‘contel ts, are therefore chosen for maklng frled products. In
.some | cases, potatoes of‘ qigh - sugar content from low'
temp rature . -storage could be recondltloned by holdlng the
tub rs at room temperature in order:to produce acceptable'
'provucts.,_In *norualv-practice, .sodium bisulfibe,‘ alone or
wi-h,pHQSphoric_or citric acid, is employed.to treat potato
s lcesior”strips'to-prevent.undesirahle discoloration. duringO
(smith, '1975b). 'Sulfiting agents, such. as sodzum

/bisulfite, are capable. of 1nh1b1t1ng ‘both" enzymat1c and




qonenzymat1c brownzng. |
Despxte the long hxstory of wide abplications'_of

sulfites 1n foods; the safety of su1f1t1ng agents in foods

has recently been- questloned on the basis of the1r role in ..

e
%

the 1n1t1at1on of asthmat1c react1ons 1n certaln sens1t1ve
‘.~1nd1v1dua1;—(Taylor et al., 1986). A series of actions has
~ been taken by the U. 5\ Food and Drug Admlnlstratlon (FDA) to
1limit the use of s¢lf1tes in foods. In 1986ﬂ the FDA l1fted
the GRA&_(Generally Recognlzed ‘As Safe) status of sulfxtes
'used' in fresh vegetables and fru1ts (except potatoes)

| 1ntended for consumptlon in raw state, partlcularly 1n salad

bars. Another FDA -regulat1oQ came into effect in 1987,

requésting the declaration of sulfiteé whén the residual’

- sulfite content, as total SOz, exceeds 10 ppm. The: finsl

*

v

LN

“action “on thezGRAS‘status of . sulfiting agenteaf r’ use ,on

potato ptoducts has been‘scheduled'fOr'June 1987
987). -
The safety problem of sulfites' and the regulations

regard1ng their use created a practlcal ‘necessity. for new

Semling{

i
.

,"

. approaches to prevent unde51rable brownlng 1n foods. Gﬂugoéel;w;

Pil.

ox1dase enzyme could be an agent to teplace sulfltes.,By

N ~ 1

ox1d1z1ng glucose, one of the reactants ,1n-_the ,Malllard.-~

reaction, to the .unreactive gluconic acid, the enzyme- is

.op'
"* .

) w

#

able ‘to block nonenzymatic browning. The glucose oxidase/ .

) .

'catalase system has‘been used sUcdessfuliy to prevent the-

browning of dried egg powder (BaldW1n et al,., 1953; Scott,
1953), . ¢ " L



Although it was stated as early as 1953 that the

'app11catxon of glucose oxxdase would n9 doubt be made to"' ”

‘other products such as dehydrated mashed potatoes" (Scott,M
1953), the enzyme‘ has ‘never been reported ‘to have been

.‘applied to such products. ?he recent 11m1tatxonlon the.usei
of sulfite in foods -has presented major ‘problem’s‘ to the

proddﬁfion cf‘some colorgsensitive‘potato products;‘such as

potat o\q_anules, potato ch1ps and French frles. Therefore,
?1t is loglcal that the effect1veness of glucose oxidase in:;'z
prevent1ng nonenzymatlc brown1ngl in. these products ;eﬂould_
now be inveétigated. fn.this project, the fccus waa on ‘the
prevention or mgnimizatioiﬁwof'browning in potato chipe\and

"French frie§ wfth glucose %xidase. A parallel etudy wasralso
performed on potato granulee by‘otherureeearcbers im thia
lahoratory. | | |

The objectlves bf the present research were:

i. to study the chem1cal and. k1net1c propertles of the

commer;1al glucose oxidase preparat10n5°' |

,vzﬂ’ to establlsh the opt imum conditions for-;glucoee
-oxidase treatment of potatoesy

'3. to determine  the effect of.‘ glucosg oxidaaeﬂ
treatment on the color and general acceptab111ty of potato 

e’

chips and French fries.



\ 2. LITERATURE REVIEW

2.1 Potato Ptoductxon, Consumptxon and Processxng

The white potato (Solanum tuberosum, L.) is one of the

few crops capable of nour1sh1ng a 51gn1f1cant portlon of the

world population. Despite the tremendous ingrease in

quantities and wvarieties of food ‘'sources, the annual

-

per-capita consumption of the potato in the United States

- ’ n : . ‘ . .
and Canada has remained quite constant (Table 2.1). However,

the. consumption pattern of potatoes has-been changing. In

the United }States,~ the consumption of fresh potatoes'
oecfeased from 1960 to 1980, whiie thei coﬁsumption‘ of
processed potatoes almost trlpled in the same perlod Potato_
ch1ps and French fries are~ the two. major potato products%
accountxng for almost two-thirds of the processed potatoes

(Figure 2. 1)

2.2 Potato Chxps
The productlon of potato chips in the United States has

1ncreased slowly but constantly (Flgure 2. 1) Potato chips

'(crlsps) afe the most important processed potato products in

the United Kingdom (Smith ahd Davis, 1977). Because - of

convenience - in serving and variety in flavoring,\ potato

'chips are-expected'to rema¥n popular.



U.S.A. and in Canada.

"

’

us. A' Canada? .
| Vear Consumption Vear ‘Consumption
p (kg). (kg) ~
| 1945 |- s539° 1978 72554

1sso | asi2. 1979  78.77
1955 " 49.49 1980 70.87
1960") 4903 " b 1981 64.79 -
1965 /4903 1982 66.66
1970 | *s357 1983 72.08
1975 | 5493 ' 1984 60.69
tego |, . 5357 {985 6768

1: U.S.D':A., Agricultyral Statistcs, 1972; 1985

" 2: Statistics Canada’ 1979-1985

A‘, .
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2.2.1 Processing procedures A

The most commonly practrsed ptoce; w ."procedures for
potato chxps were descrxbed by Sm1th\(1975b) _After washing
and peellng, potato tubers are sliced to a thickness of 1/15%
to 1/30 dn (1, 70 to 0. 85 mm). The sl1ces are then_ washed in
cold watef to .remove surface starch to' prevent adhe31on of
the sllces_éurlng frying., Treatment to 1mprove the color of*
potato chips can be carried out at this stage. The slices
- are then partially dried and fried in oils at 350-375°F
(177-191°C) until bubbling etopsf>The chips are now. ready

for salting and flavoring}~inépection and packaging.ﬁA flow

- chart for potato chip processing is presented in Figufe 2.2,

5.2.2 Quality of potato chipskg

The_quality of potato thips can be evaluated from their
physicalfJeppearahce and their flavor. The most ‘important
factor in determining the quality ;6'f potato chips ri'S’thle'
color of the product. The desiged product ﬂas a;unifor;;

light-yellow color.

2.5 French F;ies |

French fries, in a partlally fried &rozen form, have
become the most popular processed potato products 1n North
America. In the United States, the product1on of French
fries in 1981 was almost six times that of 1960"(USDA
1966-1985). About half of the processed potatoes s1nce\1972

: \
was in the form of {rozen French fries. \

: ' S |-
e . . \
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\X
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Figure 2.2 The proqeésing procedures of potato chips.
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2.3.1 Proccssing procedures of Franch fries

French frieQ can be produced either by finish frying
potato strig§ or by‘pa;tial frying the strips for a short
time before freeziﬁg, producing the so-called par-fried
frozen French fries. The general processing procedures for
frozen French fries ‘are preseﬁted in Figure 2.3.‘ After
washing anpd peeling,‘ the potato tubers are sliced to
generate strips, usually 1/4 or 3/8 in? in cross section,
The strips are washed in colé water to remove ‘surface
starch. Blanching, using various methods, is then performed,f
followed by treatment, if any, to improve the quality of thé
final product. The strips are then partially dried and
partially fried in oils at about 180°C for a short period of
time, usually 30-90 sec. The partially fried potato strips
are quickly frozen at -30°C and kept frozen until ‘ser%ing
(Weaver et al., 1975). The frozen French fries can Sé
prepared for serving by finish 'frying "in hot oil, by
conventional ovén heating, by microwave heating (Weaver et
al., 1975; Bushway et al., 1984), or by infrared heating
(Mohr et al., 1960). In some restaurants, the potato strips,
blanthed or unblanched, are fried until thez;are ready for
serving (Martino, 1969). | B

Novel methods of producing extruded French fries from

freshly cooked.and mashed potatoes (Weaver et al., 1974) ar

- : »
from dehydrated potato granules (Jadhav ‘et al., 1976) have

also been described.
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- 2 3 2 Blanchzng methods for French fr:es

Potato str1ps are usua]ly blanghed before fry1ng. The

“x;~advantages ‘of . blanchlng are: ) reduct1on of fat adsorpt1on

-}lthrough gelat1n1£at1on of the surface layer of starch,\(Z)

shortened fry1ng rtlme since potato strlps are partlally

-

f}cooked by blanchlng, (3) 1nact1vat1on of certa1n en@ymes SO

: K 0,
’that unde51rable flavor and color are av01ded durlng storage

and subsequent handling; (4) 1mprovement of the texture and

flavor of the flnal product, ‘and -(5) removal of certaln

"solutes,*'ln water blanch1ng, fto‘ prevent- excess _brownxng,
. " P\B‘.

‘»i(Weav%r et al 1975 Brown anduMorales, 1970)

o Several blanchlng methods are\pract1sed by the Rrendh

\

fry 1ndustry, 1nc1ud1ng hot water, hot a1r, steam and oil .

.blanchlng. The most commonly practised method is hot water

;‘blanching The temperature and time may vary from 66 88 C

_and 3-15 min, reSpectlvely (Vah151ng, 1965;hVan Patten and

-

i Freck, 1973),c w1th ,the‘aoptlmum conditions" recommended ‘ats

80°C and‘15‘mln:(Brown'and Morales;,1970) Two or even more

..blanchers arev’commonly ’Qperated' in~ ser;es for ‘greater\J<

L

‘flex1b111q? and more effectlve'.control of color of he

’products (Weaver et al. 1975) The flrst blancher can be

used for hot water leachlng,_whlle the second may contaln a

_ color durang frylng dn ‘some proce551ng plants,ymore stages
| are used The strlps are blanched at 82 C (180 F) for 8 m1n,
'.cooled en water at 45 50 C for 6 m1n, blanched at the same
vLitemperature for¢ 8 mln,-_and _d}pped in a dllute glucose

P

9

”‘h_d11ute glucose solut1on to produce the des1red golden brown'



, .

solutlon at 180°F for a short tlme (~1U%§ec) before frylng

‘(Iwabuchl,'1986). However, the hot* water blanch1ng process;

'can als%éresult in the 1oss,of des1rable flavor const;tuents

from potato str1ps,_and ser1ous 1mpa1rment of texture and

e

“flavor 1s often encountered. In addltlon, the method has

@

been reported %pignot always be effective in aVoiding

LY

‘ darkenlng (Weaver and Nonaka,.1976)

A technggue, referred to as dry blanchlng, is ‘also-

employed by the 1ndustry. It uses hot a1r to heat the potato_"

strlps to ach1eve baanchlng eﬁfect and the .product ’15 :

reported to be more crisp and rlg1d (Weave?\eg\:l., 1975).
om

Steam blanchlng is pré&te-red, in some processing

procedurES (St;ong;.1968- w.ider 1972). Potato strips are

. blanched at atmospherlc pressure for : 2-10 m1n, preferahly

about 7 min. ThlS process, w1th no solutes removed from the

: potato strlps, av01ds‘the p0551ble loss. of flavor components
encountered ‘in hot’ water blanching. o |

/——' Recently, -a new process using hot 011 to ‘blanch starchy

/4
vegetables,‘such as potatoes, has been reported (Fan aﬁd

Arceh 1985);vTheupotato cuts are d;pped in a hot edible:
-'vegetable oil’atw50—606C-for a’short‘timezbefore frying. The -
: clalmed advantages 1nclude less 011 absorptlon, less potato

"sollds lbss, and . 1mproved flavor’ and texture when compared"m

with that of water blanched products.

R

o

A2



'»2.3.3 Quality of French fries

_ The quality of frouzen French fries can be eveluated‘k

aoebrdiugfto the'fpilowing scheme (Weaver et al., 1975):f"\

Ty

Maximum

Factars \ - o . Score.
.Color | ' ’ o g o 30
Uniformity of 51ze and symmetry ’ . ' 20
Defects o L ‘ ' : 20

 Texture : | 30

ki

Among the listed factors, the color of the French fries is

the most sensitive and’ important parameter. The desired

'goid—brown colored French‘fries can be made from.potatoes of

-

proper var1ety, maturlty and post harvest handllng. HoweverL

the dlscoloratlon of French fr1es is-“the most troublesome‘

probkem that;often confronts processors,

.

2.4 Browning’Pfoblems in Potato Products’

2.4.1 Types and ‘occurrence of browning

¥

: s
~are assoc1ated w1th the brownlng of potato products (Smlth

- ‘and Dav1s,'1977): (1) enzymat1c d1scolorat1on;-(2) after-

" cooking darkening; and (3) nonenzymatic browning, also. known

. as the q?illard reaction. The  enzymatic ‘browning which

occurs in peeled or cut potatoes whenfexposed to air results

from the act1v1ty of polyphenol oxidase on some: phenols to

form dark polymers (Lerner and F1tzpatr1ck 1950; Mondy et

. n
s
‘ .
~

There are three dlStlnCt types of d1scoloratzon that



1

al.;'1§60) The cause of after-cooking darkeninq of c°oked
poE;toes 15 generally belleved to be the xeactlon of certa1n.
ortho dxphenols,,such as chlorogenlc ac1d w1th the ferrous
'1ons of potato tubers, form1ng a colorless complex, which is
ox1d12ed to yield a deeply-colored ferrlc compound (Hpgnes
et al., .1962; ’Hughes and Swaln, 1962) .. Mote’ﬂrecently,
Cascorblc acid-Fe3* complex was suggested as another cause of
’ after-cooklng darkenlng of potatoes (Muneta and Kaisaki,
<~ 1985). Honever,;-the aboye’ two types of browning are not
important. in‘v potato ’chlps and French fries. , The
discoloration of potatovchips and French fries is~attriouted

mainly tenthe nonenzymatic browning reaction.
Yy tey Y : .

' 2.4,2 Nonenzymatic browning"

Nonenzymaticlhbrownlng, ‘also 'known .as the Maillard -
reaction, ié "a group of chemicaf\reactions involving the -
amino ’and carbonyl ifunctions presentf in foodstuffs and
leadlng to browning and flavor productlon (Mauron, 1981)-~‘
nThe first coherent scheme of the Malllard reaction was put
forward by Hodge (1953) in a comprehensive rev1ew. The
Maillard reactlon has also been the subject of several othen

reviews (Reynqlds, 1963 1965; Mauron, 1981; Kawamura, 1983-\

° "

‘Danehy} 1986 ‘
The compllcated Malllard reactlon can ‘be d1v1ded 1nto

‘thfee stages: early, advanced and final reactlons (Hodge,t

1953; Mauron, -1981)._ The early stage 1nvolves a simple -

’ \ C X Lo : .
condensation process between the carbonyl group of reducing



; - o nj . ' "'f 17'*1 CfiSQW?fH
" sugars and the free amino‘”grou;h of the amino acids or
prote1ns, followed by the Amadorx rearrangement, a step
whrch 1somer1zes ‘an aldose der1uat1ve to a keto deeratxve.
The advanced ‘Maillard rg!ctlon, startlng from the Amadorl
compounds, generates flavor components which are respons1b1e
for the roasted,ybready and nutty flavor of heated'foods.A
The final Maillard‘reaction produces the brown melanoidin
pigments formed by polymer1zat1on of many h1ghly reactive
compounds generated during the advancéd stage. More
recently;}Namiki and Hayashi'(1983) reported a»new pathway

wh1ch 1nvolves the cleavage of’ sugar molecules to generate

hlghly act1ve ‘two~carbon fragments prior to the Amadari’

. % .. .« . §
rearrangement. oo ' ‘
s . ~ . by .

Among the parameters’ that affect the rate- of- the
Malllard reaction, temperature and water content are by far
the most important. The-Q,, valur nf the,brpwn1ng react1on
in dehydrated"vegetables was repoLted"to be 5-8:4 (Legault . .
et al., 1947), wnich was exceptiona11§ high.‘The'brouning
rate is neaf zero in".the anhydrous etate1 1t reaches a
maximum at ‘about 30%» water. content, and ithen decreases
gradually as the moisture increases. The reaction_Stops at

about 90% waterlcontent (Wolfrom and Rooney, 1953).

—

2. 4. 3 Brown1ng of potato ch:ps and French fries oo
The brownlng of potato ch1ps and French files had been
assoc1ated w1th sugar content of potato tubers no later than

1930. Sweetman (1930) reported the correlat1on between the“
_ , o "



. ' . . . !‘1 16

brown color of potato chips andﬁghe hlgh sugar content of
',tubers. He concluded that the formatlon of brown color was‘

’ {
, due to the . caramel1zat1on\of sugar&ua@;hﬁgh temperature.
R

| *”4/? R ~
"of potato chips was caused by ‘high" reduclng sugar{ not by

[

sucrose or total sugar -content of potato tubers. Several
?

years ‘later, however, the brownlng of ch1ps and other potaEb

%

Later, Thornton (1940) po1nted out " tﬁat ke dark brown color

pﬁbducts was attrlbuted at least in part to the Maillard
react1on between reducing sugars and amino acids (Legault et
al., 1947),- Fitzpatrick and coworkers (Fltzpatrxck et al.,
1965; Fltzpatrlck ~and Porter, 1966) were able to
substantlate the above theory by tracing the changes in

‘reduc1ng sugars and amino: ac1ds during chip fry1ng. .The_ \
'ratlo of the consumptlon of free am1no acid n1trogen to ‘
reduc1ng sugars was_9:1 in low reduczng sugar and 1:1.35 in
high reducing sugar potato'chips. The brown1ng of French
fries was also believed to. be caused by the Malllard

reaction'between reducing suéars‘and amino acids.
. N . A
2.4.4 Potato composxtxon and browning - N

Although the dlscolorat1on of potato chlps and French
fries can be malnly attributed to the Ma1llard reaction, the
‘.relationships"between the color ,olethe productsvzand the
chémicalfconpOnents,ASuchlaa sucrose; glucose and'fructose,r
amxno ac1ds and dry matter, are very compllcated Wunsch and

' _Schaller (1972) reported that the_ d1§coloratlon was

.essent1a11y depéndent on four

qroups of components: total

i



— C . | \
~ami®o acids, giﬁcose, fructose, and tyrosine and pr;iine;
Yada et al.. (1985) fouﬂd that -approximateiy_v§0%_,0f the
vaf}Qbility seer in chip‘golor could be accounted for by
.exaﬁininé the fructose, glupo$§ .Eﬁd sucrose content of
potato tubers. | | o '

Habib énd Brown (1956, 1957) obtained the éo;relation
~cogfficienté~for'both.reducing suéars:and amino acids with
Ubofato chip colér. Both soeffiéients were.signifiéaﬁt at thé
T% level.. They' also showed that there was a ‘poSitive
~correlation between nonredﬁbing sugar (suérose) cohtent and
théliightnesé of potato chip.'color. However, Shgllenberger
et al. (1959) demonstréted that éhip color was a gunction'éf
“both reducing'suéarAand sucrose contents of tﬁgeré. They
: ‘postulated. that sucrose must first_ be hydtolyZed,v«during
 fryin§, to'participaté in Ehe noneniymatic d;scoldration of
‘chips. ! . | |

Although | both: reducing sugars and 5mino,_'acids

- participate in the Maillard reaction,'amino acids and other

( nonproieih 'itrogehous compounds do not corfelate wgll with
chip ~cblﬁ£ﬂ (Miller, 1972). .Thé'_limitiné factor of the
browning ‘reaction was proposed to be the reducing sugar
content (Marquez. and Anon, ﬂ986).' Miller = (1972) - repoft@d
that glucose was thé major d;EEtmiﬁgig of chip color, whiig
fruétosé appeared to be uhimpoftént in browhing; Sucrose had
a minor} but significantfrole in color development, §rgbably
as a result- of hydrolysis during frying. Miller et ‘al.

L3

(1975) wéfq,able tO'Subséantiate those-results.

~ T

.-
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2, 4 5 Factors affectzng the color of the products

~ The color ﬁ““b&tatOv chips. dnd - French fries ;js:-

'determ1ned by the q?emlcal compos1tlon of - potato tubers
which, in turn, is affected: by many factors during potato
cultivation and pos%rharvest handling.

The cultivation 'cond1t1ons related« to the color of

A

potato chips and French fries 1nclude varlety and maturlty

of potatoes, 1rrlgatlon and soil moisture, and appl1cat1on

B of fertlllzers and soye other'them1cals. Some well known

varletles that usually produce chlps of good to excellent’

'colorbare Monona,sKennebec,_Norcth, Russet Rural, Superior
and Katahdin (smith, 1975b). Sevérgl new good chipping
varieties re;eased in recéng'yogrs are Rosa (Plalsted et
al., 1981), Simcoe‘ (Johnson 'anda Rowberry, 1982),_ Yank®e
| Chipper (Reeves et al., 1984a)‘and Islander kReeves ef al.,
1984b). Varieties which\ptoduce light-colored potato'ohips
wero"found_to contain the est:am0untdof toducini’sugars
(Shallenberger, 1955). (m | | "
Maturity of potato tubers when harvested is another
well;known factor’affectinq the.Eolor of potato products.
The more mature. the potatoes,, the easier they can be
: hapdled} storéd and reconditioned to-producé ligﬁt-colorod
chips  (Smith, 1975b). Shallenberger (19%5) found the the
moaé mature tubers produced iight-oolored nips not only on
'_the,dajiof hatvest['But also after gt<rgge at diffo;ent

. temperatures. \The reducing :su r con-ent was found, in

general, to be higher in jmmature tubers thap in more mature

&y .
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L Several :other cultural condxtxons dur1ng the growxng
seagon may also)affect the color of potato products. Kushman
et al. ‘(1&59) reported that the darker color of chips made\
from potatoes grown under h1gh soil morsture content was
always: epperent after storaée at 60°F (15.6°C), “and
sometimes also,eppeared immediately after harvest. A heévy
»application of nitfogen during g{owing was oﬁten regérded ae
a factior thatxmakes stored potatoes more likely to produce
dafk";chips (Smith, 1975a). However,"Kunkel and Holstad
(1972), after an eitensive 11~-year study,- reported’ that
potato chip color was almost unaffected“ by. nutritional
balance or'totel amount of fertilizefs used. "Whenever the
- 80il temperature &dt a.depth of 4 inches'goes.bélow 4.4°C
(40??) for several days or nights,.the potatoes subseouently
harvested will produce dark chibs_(Smith, 1959b) .
| The effect of transit and storage conditions of tubers
on the color.of\potato chips can not be-overemphagized. The
accumulation of eugars during low temperature storage of
potetoee was reported es long ago'as 1882'(Sﬁith, 1975a).
.Early work by Sweetman (1930) showed that chips made from

4tubgrs stored at. 32-37°F (0-2.8°C)‘werecaarker than those

N

‘'made from tubers stofed at'40—55°F (4.4-12.8°C). Habib and

Brown ({1957) found that glucose content of potatoes was
almost doubled after storage at 40°F (4.4 °c) for 4 weeks,
while the fructose and "sucrose contents did _not change

significantly. Ewing et al. (1981)‘reported that glucose and’
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fructose content showed a .similar increase in 'potatoes .

exposed to 1°C for 4 days or longer, except that the glucose

level was almost alwaxs much higher, roughly. tw1ce that of

fructose. .
“

The sugars accumulated during low temperature storage

'of po€;E$es disappear ,when the tubers are held at

L4

Vtemperatures of 18°Cvor.higher‘for.1-3 weeks (wéaver et al.,

1976). This process, referred to as conditioning or

s

reconditioning, has been practised'extensively in the potato

processing industry .to produce properly colored chips and

French fries from potatoes stored at low temperature.‘
HowgVer, not all potatoes respond to sold storag® and

warm recond1t10n1ng to Ehe same extent. Potato: var1et1es

_that accumulate less sugars in cold storage and respond more

readily‘ in warm conditioning should be selected for

of potato chips and French fries. Also, more

mature potatoes accumulate -less sugars during storage and

respond to reconditioning more readily (Shallenberger, 1955;

o

Burton, 1965). -

The chahgé of potate sugar content has been associated’
with thé‘activitieé\of certaig enzymes, shch as invertase,
phosphqheﬁose'isomerase and aldolase. The accumulation of

reduc1ng sugars was found' to soccur with concomitant
N

formation of the enzyme invertase (Pressey and Shaw, 1966).

P .

187

During the -initial period of cold treatment, when reducfﬁg
suga:s ’;ncteaged rapldly,A 1nvertase formation proceeded

until the level of énzyme exceeded that of a proteinaceous



invértase inhibitor, _resulting in a ~baéal',30vertase

"""';ctivity.” On transfer ‘of cold sto'rged potétoes to warmer

v temperatures, sugar content and in;ertase ievel”decreased

sharply, and a large excess of inhibitor”éeveloped. X

Pressey (1969) pointed out that invertase participated

‘in wreduc¥ng sugar fofmation, but other factors , were

rééponsible for the regulation of starch-sugar conversion in

potatoes during storagé. A possiyle sequence of events in

cold 3¢ored potétoes was proposed by Tishel and Mazelis

(1966). ?ﬁe low temﬁerature appeared to induce in the tubers

e (1)\ a 'teﬁpbta:y‘ decrease in aldolase activity, (2) an

_increase inqshcroée, (3) increa;ed invertase‘éctivity, (4)
apcumul;tioﬁ of reducing sugars, and (5) a lowering of thet:

. o 3
activity of phosphohexose isometase.

"ty .
2.5 Various ﬁefhods of Improving the Color of Potato Chips
o and French Fries

LIt may often be almos£ impossible to make pbtato chips
and-Frenéh fries of acceptablé color without some ;reatmeﬁts
df raw potatoes or thato cuts. The.foilowing are some of

the treatments that have been“used or tried.

7

2.5.1 Reconditioning of potatoe$ stored at low temperature:
A common practice to improve the color of potato chips

and French fries from low—fgyperatureUStored potatoes is the

~ reconditioning process. Potatoes ‘are removed from 1low

»

temperature storage and held at room temperature (18°C or

i3
Uit
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higher) for 1-3 veeks before prdcessing. ﬁowever, as stated

.

" previously, wsome’ varieties do not respond: readily to

conditioning and, even in potato varieties that normally

respond well to recoﬁditioning,‘disorders'such:as"sugar end
) J . *

‘can sometimes occur® (Weaver et al., 1975). 1In addition,

" reconditioning is .expensive as it involves extra handling

\

costs, ties up large quantities of potatoes, and requires

. latge storage space and facilities for the treatment (Weaver

and Nonaké, 1976). Nonetheless, the,techpiqUe is wﬁdély used
in industry. | |
2.5.2 Leaching teéhniques ,\

| Various leaching t%ﬁhniques have been tested to prévent
the discolaration in Qotato chips andj French ffies by
removing the solutes from the potato cuts. |

Light?coloredﬁ potato chips could be made ‘from ‘cold
stored ;poéatoesf without ‘feconditiéning, bf dipping the
slices in hot Qater at 153;163°F (67.2—72.8°C) for 6-7
minutes before fryiﬁg (Townsley, 1952). Dexter and Salunkhe
(1952a) “reported tﬁat immersion in water at 70°C for . 1.5
mihutes, followeq;by spaking inxcold water for 15 minutéé}
producdd chips og excelleﬁt color. (

Hot water blanching. is a.péwéfful leaching process fo:l
French fry production. The leaching of reactaﬁts by hot.
water blanching is so extensive that glucose gas\to-be added
back to.produca the. proper light-'golden color typical of
FrquhifrfESf However; the drastic water treatments often

»

~,
N
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remove all flavor, in addition to their‘undesired effects of

+
.

'extracting nutEienté and giving rise to waste water disposal
probleﬁs (Weaver et al., 1974).

Some surface treatments oflpotato cuts to accelerate
the leaching process have been reported. Weaver and Hautala
(1972) patented a process for making French fries, wherein
potato str;ps were dipped in agiiquid Eefrigerant, such as
}iquid nitrogen or dichlorodifluoromgthane, for a short
period (abéﬁt 7 seconds), foliowed by leaching in hot water
at 50-60°C for x1-5 minutes. Another process, -patented by
Weaver and Nénaka {1976), described the production of fried
potato pfoducts of improved texture, flavor and color from
raw stock that exhibits excessive brqwhing tendencies.
Typically, potato cuts. were prefried in edible oil for a
short peériod, then leachea with'water. The treatment was
reported fo be applicable to both French fries and potato

&

' chips.

2.5.3 Microwave héating ;nd other processingkmethods

The Maillard réaction is usually accelerated_at a‘later
stage in frying of potato products, when moisture content is \
relatively low and the temperature of potato cuts increasés,
as less, Qatér is evaporated (Sijbring and Van de Veld?,
1969).’ To avoid excessive discoloration . of chips'hfroﬁ.
»poiatoes with high reducing sugar content, the slices can be
partially fried and then sﬁbjectédxhto other methcds of
'd£y1ng, such as*hof air drying at 250°F‘(J21.1°C) (Smith,

\‘:



1967a),n 1nfrared heat%ng (Smith,' 19755),’*va¢uum 'frying
° . ‘ ’ -

?(SLJbrlng and Van de Velde, 1969) ‘and nucrowave heating
‘ R N
<(Sm1th, 1965' F1tzpatrlck and Porter, 1968) The preparat1on

}.\of French fr1es su1tab1e for m1cr0wave heatlng has also been

”5;reported (Bushway et al 1984). ,sf‘ a ;v“] .’ <

7'2 5 4 Chem1ca1 treatments of potatoes and'potato cuts
Var1ou; aqueous solutlons, such as - ether, alcohol ‘salt
'.and ac1d ‘were. testui by - Dexter and Salunkhe (1952bh to-
'selectavely remove: reduc1ng sugars from pptato sllces
ldTreatment w1th phosphorlc or\hydrochlorlc ac1d at pH 9 for
.i71 5 m1nutes,,followed by washlng in“water for 3. 5 mlnutes,_
fproduced chlps of excellent color. Patton (19;9 patented a f
n,process of d1pp1ng SllceS for varlous lengths of t1me in hot‘
Zhnaqueous solutlons of alkallne earth salts (CaClz,‘ MgClz,,J
_calcium sulfamate) of concentratlons from 0 005 0. 1AM'before
‘fr-yzng; ,Sl.monbet_al. (1955) reported that retardatlon of
fdnonenzymatlc brdwning 1n- dehydrated whlte potatoes. by“\
: _spraylng w1th calc1um chlorlde.> | | N
Sodlum blsulf1te solut1on has been used to treat”potato
'f;sllceS’ from raw stocks of h1gh reduelnd sugars (Sm1th
'lf1975b) Attnaptlve, llght colored ch1ps could be produced by
» frd1pp1ng the mgilces for ’1f mlnute elther ;an 0. 25% sodlum ZA
: blSUlflte at %‘180 200 F (82. 2 93 3° C) or . m a. solution of (;. i
';{n;sod;um c1trate, sodlum b1sulf1te and phosphor1c ac1d held at_;%

7160 -180° F (71.1 82 2 C) o Xander (1952) clalmed thatg,f

ERET

'”g' uanormly colored and flavored chlps could be producedxyear;

~ : R . \ . Ly ‘,-.:-p .
o S a L



' sugars.

4., 4 C (40°F) than Untreated tubers._V

e

‘round regardless of the var1ety used or the reduc1ng sugar

) .

lwashed w1th water to. rembve the re;ldual 802 and reduCung

o

. ‘. - ‘A ‘ ' -. ‘K k
Whole potato- tubers were also. treated with SOz gas

, (Smlth 1959a)- The treated potatoes resulted in ch1ps of“

‘1
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2.6 Sulfites_in‘Eoods:AUses.and'Safety,Problems

’ B . RIS B

W (R . oy B

2.6.1_Application5'o£ sulfites in foods - RO AT
TR . : ;-"hs

'Sulfiting agents,: in~ various ‘forms,ﬁ alone or’ with

phosphorlc acid, sod1um C1trate or citric ac1d have been .

» employed in 1ndustry to treat potaboes andppotato cuts tOj

’ preventv nonenzymatlc dlscoloratlon \dur1ng frying (Sm1th-

1975b). As a group of versatlle food add1t1ves,_sulf1t1ng‘
agents have found w1de appl1cat1ons ‘in varlous foods foru
'dlfferent + techn1cal purposes, such as' 1nh1b1t1on h'of
'V,'nonenzymatlc and enzymat1c brown1ng, 1nh1b1t1on and control

f_of m1croorgan1sms, and as reduc1ng agents and ant1ox1dants.

a

They have been w1dely used to prevent enzymat1c brownlng 1nu7

a4

potatoes, .sllced potatoes,v cut‘ apples and -cut lettuce.
'(Taylor/et al. t'1986) The mechanasm of sulflte act1bnti
not. clear, but sulfltes. appear to both 1nact1vaten enzyme.‘

.:phenolase and rnterrupt “the. subsequent reactlons leadlng toh.

Y

£ | ' . ' : i .
. :

' ,Hcontent if sl1ces were 1mmersed in an SO; bath and then_.,dp

"llghter color for tubers stored as long as three ‘months at .

‘peeled or sllced vegetables and frults such as prepeeled;a o

.‘iv\
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‘colored prqducts (Haisman, 1974). The'sulfitesbplay crucial

‘”roles “““ in the inhibition and control of nucroorganisms ‘in

-

several food processes, such as in presé§v1ng soft . fru1ts,
1n,]am making,»in sausage production, and in wine making
‘(Roberts' and McWeeny, 1979) : an’ antioxidant -sulfuyr

dioxide has been shown to be effective in preventing loss™of

- ascorbic acid during proceSSing and storage of products such

as dehydrated cabbage,'frUit cordials and. grane Ju1ce. It

Y

' for protection of lipids in lipid protein

has also been shown to be a reasonably eff‘tive antioxidant'

ter emulsion, of

*essential oils and- carotenOids in c1trus ]UlceS (Roberts and *

' McWeeny,, 11972). Sulfites are also. widely used as dough

. conditioners in the‘bakiﬁg industry for biscuits, crackers,

cookies and frozen pizza doughs, where they act as reduc1ng“
agents (Taylor et. al 1986) . i |

;k Sulfites find wide use -as inhibitors of‘nonenaymaticl
browning. They have been used gor this purpose to control

discoloration of dehydrated potatoes, vegetables and frUltS,v

i

' white grape JUlce ‘and other fruit ]uices and drinks (Taylorw

et al., .1986) . Detailed mechanisms by which the sulfites
exert ‘their anti- browning action in foods are still largely-
unknownTA Tt was proposed by McWeeny et al &(1974) vthat,
sulfites exhibited their anti—browning ,action by their.;
ability to react with variogs carbonyl intermediates formed~

during ‘the nonena}matic browning reaction,’_The theory ‘is]

: illustrated 1n Figure 2 4 - t B | .
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'Figure 2.4 Reactions'of sulfites with carBonyl intermdédiates

(addpted from MCWégny et al.}'19?4); '

; 7
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2.6.2 Safety problems of sulfxtes in - foods
,Recently, the safety of sulf1tes in_ foods has beenl
qmestioned besed mainly .oﬁ}‘their alleged role in -the
_lnitiation of asthmatic reaotioh “in certain sensitive - |
lndividuals gfeylor et af;,-1986)}'The first'reportS”about
sulf1te 1nduced asthma were by Kochen (1976) and Freedman
(1977). ‘The 51multaneous reports from Allen and, Collett
(1981) aﬁd Steyenson and Simon (1981) 1n1t1eted a great deal
of ‘research tﬁereafter. Various types of edverse reactions
haVe been observed, sUph es'anapzylactic Shock, hypotension,
headaches,' ‘abdominal pain, nausea, dizzihess, hives,
urticaria and pruritis;-eczema, angioedema, laryngel edema,
tacﬁycardia,.clemmy s}ina and dyopnea (Sulliven_and Smith,

gt

‘1985; Taylor et al., 1986). However, the most threatening

«

asthma 1in certain~ast

effect of sulfites in foodS'.is ‘their ability to -induce
' hmagics. The ‘asthma reactlon in. some

sulfite- sens1t1ve 1nd1‘15 can. be suff1c1ently severe to

be life- toieigenlng. Accordln%’to Sulllvan and Smith (1985)

of more than 300 reports of adverse react1ons to” sulf1tes

that the FDA (Food " and Drug Adhinistration, U.S.A. ).

rece1Ved 6 1nvolved deaths. The Amer1can Academy of Allergy o

N and Immunology est1mated tha& up to ]7 fata11t1es “have Peen
attributed to’ su1f1te ingestion in 4susoeptible. asrhmatics_.
”(Bpsh, 1986) ",
;'Adverse reactions to sulfites are extremely rere .inl
normal indiyiduals (Bush, 1986). Even among asthmatics, only7‘

a small fraction (4.6-8%) is sensitive to the ingestion of
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sulfites (Taylor and Bush, -1986). However, the satet}

problem of sulfites has received much attention from .°

organizations‘suchvas‘the‘FDA(' ' _
Since 1959, the FDA has listed the vfbllowihg Msiii
sulfiting agen;sl as GRAS (Generally 'Recoghized’ As Safe):
sulfur ~dioxide, sodium %q}fite, sbdium‘ and potassium
bi5ul£ite; and sodihm and potassium metabisulfite (SulliQén‘
- and Smith;-1985):'0n August 14, 1985, the FDA prOp;;éd a
~regulation tp4rgscind'the GRAS étatﬁé'fo: sulfites USedvon
 frui£s and vegetables (except potatoes) which were intended
for consumptidﬁ in the raw state, particularly ih salad
' bars.'This prop?sél'bécame'effecti&e on.August_8,~]986 (FDA,
1986). fﬁe final bgétion on the ,GkAS SéatUS'_Of éulfiting
agents f§r use - in potato products has been scheduled for
June, 1987 (Semling, 1987). | - 2
| A labeliing':égulatipn was &igo_péopgsed by the FDA' on
Aprfl 3, 1985, requiring the declaration of sulfites on the
label when the residual sulfite 'cbhfénf,f éé .é%tal so;;
exceeds 10 ppm (FDA, 1985). The §jnailaction'of the FDA
(1986) requested that this 1abeiiihg rule become effective
on January 9, 1987. o b .‘
A'trou$1esqme”bgiht'in car;ying-égi the’ labelling rule
might Eg,xtﬁ;._unsuitébility of - the. preséntA éﬁalytigal
methodéiogy for‘sulfites. The AOAC metﬁoé,‘i.e; the Monier-
Williams method, was reported not onl&l to be very ‘time
consuming-but also inaccurate ét.a sulfite lévei below 60"

ppm (sullivan and- Smith, 1985; Moylanbet al., 1?36).“Upon;

o
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' recognxzing th1s unsu1tab111ty} the FDA has made some
. . [EER H N
{’reflnements to the Mon1er W1111ams method, which include
using a more d1lute t1trant and a minor mod1f1cat1on to the

apparatus. The modif1ed method wa reported_to give suitable.

.-accuracy and reproducibility at{the 10 gsm level L (FDA,

1986). A recently developed ion cHgqmatographic (1c) method

\ .
for sulfite determination was reportéd-to be both: rapid and
accurate at. a SUlfite level below 10 ppm (Sullivan and

‘.. smith, 1985; Moylan et al., 1986). -

-y .

The., regulat1ons regarding sulf1t1ng agents will hof
" doubt drioe food sc1ent1stsfaand_ manufacturers»lto s$ek
substitutes. Howevef,vaeCOrding to Taylor et al. (1986), it %
is v1rtually 1mp0551ble to find a complete subst1tute for
sulfltlng agents. The’ potentlal substltutes are also stated
to be less effeotlve and.more costly in most cases.AThe
‘problems als’olv lie in the ?act that no other smgle.
preservat1ve is as versat1le as- sulfltes 1n its preservatlve
‘functions. For example, ohe may be effective aga1nst
en2ymatic browqing, bu£ not'honenzymatickbrowning or m’icro—v
organlsms, or.'vice. Qersa.'”Therefore, semeral types of
preservatlves must bé found to- réplace ‘sulfites in their
var1ous functions. To preveht nonenzymatlc brownlng, for
‘1nstance, ascorblc and c1tr1c ac1ds have been used w1th some
sucoess, Howevef, they are\}Bt as effectlve as,su1f1tes and
are more exbensive; Other methods or'substitutes still need

‘to be found One of these methods may be the yse of glucose,

oxidase to geduce the concentrat1on of glucose, one of the

4

Q@
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major reactant} in browning reactions.
A ¢« . : .

v -

2.7 Glucose Oxiiife

2.7.1 General information |
Glucpse oxidase (EC 1.1.3.4, B-D-glucose : oxygen
1-oxidoreductase) is a fla;oprote1n which carryes out the
overall react1on of Equatlon 2.1: o
CH1203 +Oz +H20->CH1107 +HO;; ' _ (2.1)
The. above conversion of glucose to gluconic acid in bacteria
was .firft' observed in 1678 by Boutroux with Acetobacter

acet i (Bentley, 1963) -Beginning in 1928, -MulIer\made a

extens1ve study on glucose oxidase from both Aspergil‘ S 7
niger and Penicillium glaucum, therefére it was generai y
vbel1eved that the glucose oxldase _enzyme was dlscgyered by
Muller (Nakamura and Ogura, 1968 Wh1taker, 1985).
' Glucose‘ oxidase has also been demonstrated ‘in’ other
fungi, including Aspebgillus oryzae,\PEniciI?fum.nOtétum, P.
amagasakfense and P. vital (Scott, 1§75a). It has not been
found in higher. plants or in animals (Whitaker, 1985). k
'2.7.2 Preparation of glucose oxidase o
According ‘tpv/Scott f(1975q) and Schwimmer (1981),
"glucose oxidase ‘is prepared ffom the ﬁreferred- fungal
sources ‘in dlfferent countr1e§. The enzyme is prepared from

Aspengillus niger 1n the United States, and from Penlcllllum :

vital in the U.S.S.R. In Japan, the p;eferred organism is P,

v : ' ‘ \
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| /,
;amagasaklense, with only a small product1on from A nlgeﬁ,

" The enzy ~A. niger. is considered to be(’ ' 1ntra1

cellulaklenzyme which can be obtained from the myceliuqcofw&
/the orga isﬁs. The enzyme from Penicillium species is
, \ | A it :
purified from the _fermehtation medium, therefore it is

C,

considered as an dﬁtrecellular encyme (Scott,'y97Sa).

i Two types df .commercialr'enzyme preparations ‘are
available. One 1is a cleér .amber solotion, stable ounder
refrigerétion for several years and at room temperature for
many months (Scott,  1975a).‘ Another is a 1light tan,
amorphoustéry powder. The liduid'preparation is claime&ﬂto
have a better solqbility,‘more convenience in applying, low
cost”and grei}er stabllzty,.when compared to the powder form

(Scott 1975a° Fermco Blochem1cs,_a),

g The commercial preparations of gllicose oxidase contain

not -only glucose oxidase enzyme, . but also catalase (EC
1.11.1.6;‘4h§drﬁgen-peroxide : hYdrogen' peroxi e oxido-
-redﬁ§tase) (Scott, 1975a;’Fermco Biochemics, a; Miles Lab.,

1985). Catalase catalyzes the decomposition of hydrogen

.peroxide (Equation 2.2): /
_catalase -
2H Oz + . 2H,0 + O,, : : o (2.2)

Catalase can be derived from ~animal llvers, ~plants and .

m1croorgan1sms (Wh1taker, 1985). The. catalase in commercial
/

glucose oxldase preparat1on ‘¢an be obta1ned from Aspenglllus
nlger (M1les Lab.” 1985). Therefore, the overall reactlon of'
commercxal glucose oxidase-catalase preparatron can 'be

’

presented in Equation 2.3:



-

2C5H|203 + Oz - 2C.H|:O1

Glucose Gluconic acid

2.7.3 Mechanisms and molecular properties

- +2.7.3.1 Mechanisms . o , < “

Two important papers on kinetic mechanjsms 9f glucosé_
oxidase ?éféwﬁgblished by Nakamura and Ogquar (1962), using.
enzymés&_,gﬁ%ﬁ'\?"b}:,AahIagaSkinénS.e, and by Gibson et al. (1964),
withfgﬁzymés f;bmbAf niger. A géneral schehe'which could
accommodate the reactions of glucose oxidase with all kinds

of substrates (Suga?%) was proposed by Gibson &t al. (f964),:

and is presented'in Scheme 1.

- ky k k
2 3 :
E, *+ S —T—\ Eq- S r——)ErP‘——aEr+P,- .
..1 Y : :

1

i

) k4 o k . L
Er+ 02 —> Eg-Ha02 —> Eo + Hz0;

~

Scheme 1
where, E = enzyme “in oxidized form; E, = enzyme in reduced
R ) . Q ) ‘ .«
form; S§ = substrate; P, = oxidized substrates, i.e.,

6-lactones.
When pB-D-glucose was used as the substrate, the above

" general scheme was/redlced to Scheme II (Gibson et al.,

Vi
K p.

1964):
1§

- N k »__Ji ) kz .
. ~.Eo* G_———I—eﬁrj;P' —> E, + H302

;

Er + 02 __k_3_)EO-H202——i-)Eo* kizoz
< : - . _

&
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Scheme I1

g

. K .
where, 'G = B-D-glucose; P, = A-D-gluconolactone; E_, ﬁ? =

enzyme in oxidized and reduced forms, respectively.

, The §-D-gluconolactone generated in = Scheme II is

hydrolyzed to gluconit acid, slowly and nonengkmatically
: ’
(Whitaker, 1985),/
Based on the experimental data of Gibson et al. (1964),

Whitaker (1985) concluded that the  mechanism of glucose

: , #
oxidation by glycfose oxidase ‘Was ./ a ping-pong bi-bi
mechanism, which i3 presented as Scheme IIIy

/ *

§-D-glucono-
n-D-Glucose lactone 02 H202
Eo (EO- G §:£§ - E; (E.* 0, Eo
E " P;) g Eo" HzOz)
Scheme III

L J—

2.7.3.2 Molecular properties ,

,Glucose 'oxidases from various fungal sources not only

catalyze the same reactions, but also are substantially

similar in molecular properties.

_ 1. Glucose oxidase is/a flayin enzyme, containing two
‘ L R
\ molecules of flavin adenine. dinucleotide (EAD) per enzyme

b

© molecule. The existence of FAD as the prosthetic group of

" glucose oxidase whg/ first proved by Kellin and Hartree

'(1946). In gluc
%) .

S - e _ . ‘ as
"~ moiety can .exist in two redox states, 1.e., fully oxidized

xidase catalyzed reactions, the FAD.

N
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"fully reéucgd’ (PADH, ), as shown by Equation 2.4
(Bright, 1974). |

R
=X | n
HzC Hz C N 4,0
NH (2.4)
H<C 02  HzC NT N .
3 3 . H 0(
FAD N ” a FADHz

Therefore, the FAD moiety ‘is the center of oxidation and

reduction in the enzyme reactions. The oxidation of glucose
by the enzyme can be written as Equation 2.5 (Whitaker,

1985) .

: CH20H
)Q;iiﬁf%j;:iﬁ/ HAD )V:;::::1;:=( + EFADHz

-D- §-D- Glucon lactone }
B-D-Glucose | » EEAD
\L H20 -
. N » ) 3 ‘ + ‘
y 2 OH
' » : ,CO0H -
HO . "<x ;“
HO OH RN
‘ ‘ Y £25)

D-é1dconic acid

The‘moLédhiar weight of the enzyme from various fungal ¥

sources is around 160,000-180,000 (Table 2.2).
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Table 2.2 Molecular weight of glucose oxidase (various

reports).
\/ ‘Q . ‘
| ~

Reference ' A. niger - F. omegasokiense .
Whitaker, 1985 186,000
Scott, 19758 |* - 192,000 154,000

P

~ Nekamurs and 152,000 150,000
Fujiki, 1968 ’ -
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2. 'Glucose oxidase is also a glycoprotfin, containing
mannose, galactose, glucose and hexosamine., The exberimental

results of the carbohydrat

contents in glucose oxidase
enzyme have been summarized in Table 2.3.

The carbohydrate content glucose oxidase vary from

production lot to lot (Nakamura et gJ/., 1976) as well as

different fungal sources (Nakamuwa and Fujiki, 1968). It was
postulated that the carbohydrate moiety of the " enzyme
provided a protective effectT"wHich indreased the stability
of the prdtein?moiety against denaturin agénté (Nakamura et

al., 1976; Nakamura and Hayashi, 1974).

2.7.4 Activity"assay and unit

The multiplicity of units and acéivity assay methods is
one of the most confusing‘ﬁhings confronting those who deal
with Enzymes. Variqgﬁ» assay procedures have also beén
employed 1in the study of giucose oxidase. The overall
reéctions of 'glucose oxidase acting on glucosebcould follow
either Eqﬁ;tion 2.1 of Equation 2.3, as described earlier,
depending on the absence or éresence of catalase in the
énzyme’preparations. The activity asséy, !.brefore,fcan be‘ 
based on: )

(1) formation of H,0,;

(2) consumptioni&_rozf-ﬂ or O, substitute;

(§) formation of gluconic acid. ' h -
"The hydrogen peroxide (H,oz) produqed.in an eﬁzymatic

reaction has been utilized for adtivity assay, either in the
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presenCe or~in the absence of catalase (Ciudu‘and'Patroescu}

3 1984)Q Some compounds,isuch as o—dianfsidine; oeioluidineyel'

FQr 2, 6 d1chlorobenzenone 1ndophenol, can be oxldlzed\By H,O,fdwwi
and catalase from the colorless reduced forms to the colored’
oxldmzed forms (Equatlon 2 6), therefore maklng spectro~f P

.metric'assay feas;ble (Huggett and NIxon, 1§§7;"Dobrick,
1958). | :

, 4
‘ - : - catalase L _ o
. Reactant + H,0, . - ‘H,0 + Product . (2.6)
. reduced, " - . oxidized,
colorless S T o . colored

Wlthout the a551stance of catalase, ’ f%‘gen peroxlde

.rap1dly ox1d1zes 1od1de to 1od1ne in the presence‘of Mo(VI)i
(Pardue-et al 19fff Pardue and Simon, 1964) "The iodine
formed can be detected elther by potentlometry (Pardue etn

al. 1964) or by amperometry (Pardue and S1mon, 1964)
C1ucu and Patroescu (1984) described . a spectrometrlcf

Y

assay method 351ng benzoqu1none to substltute' Oz; The -

‘formatlon of hydroqu1none was measured at 290 nm. The methof

-

was reported to be dlrect, rapld and could be used tog' ~€

\determlne the 1n1t1al veloc1ty of enzyme react1on. oo

oy .
¥

¥
Based on the consumptlon of oxygen 1n Equatzons 2.7.1
C

'and 2 7 3 the§ react1on veloc1ty can be determ1ned i,_b‘

4
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reaction veI_city and activityr .

The manometr1c method has been superseded by the oxygen

electrode technlque, na polarographzc method (Estabrook

'm1967'v Bright, 1974) Several reviews have been published -
Llregagdlng th1s teghnique'(Fatt, 1976; Gnaiger and Forstner,
1983). The heart of the instrument. is an okygen probe. A

3 by " . Y . R e - o
cell, ‘consisting of a platinum cathode and a silver anode,

is separated from the surrounding sample solution by a

specific_membrane which fs_permeable only to gases such as

;oxygenéthen a suitable polarizing voltage is applied across

the cell, oxygen undergoes an- electr{c' reduction at the

-

‘cathode, causing a current to flow through the cellf:The

magnitude of current generated is proportional to the amount

oféoxygenvpnesent, which{,in»turn, depends on the oxygen

-pQéssure in the surrounding 'solution.} By recordlng the
electric current generated, the oxygenA'pressure “in tﬁb‘

'2_solution can be traced contlnuously. In the study of glucose .

oxidase, +the most wldely used probe is the Clark- type

polarographic electrode (Nakamura- and Hayashi, 1974;

ﬁakamura and Ouéura;:1962;uweibeliand"Bright, 1971).

AA; t1tr1metr1c 'method (Underkofler; 1958) has been

employed by some of the enzyme producers (Fermco B1ochem1cs,_'

Y. i -

“hb; M1les Lab., 1981) The gluconlc ac1d produced in the

_.enzyme reactions in 15 minutes . is back-titrated to.obtain

the enzyme reaction rate and activity.? .
Varlous unlts have been used in’ the act1v1ty assay of

glucose ox1dase. The unit used for commerc1al preparatlon 15

." _,nt

3

3
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the manometric unit in GOU/g or GOU/mﬂ, vhere Gﬁg stands for
GlucoseiOxidase ﬁnit. It was defined by 8cott (1953$ as "the‘

quantlty of enzyme that will cause an oxygen uptake of 10

-per minute under assay conditions". In the txtr1metr1c-'

’

method,'the unit. was'defined as the equ;valent of glucose‘

e

oxidase to produce 1 L of 0.05 N 'gluconig_ acid (Fermco |

+ a -

Biochemics, b). The - glucose oxidase activity. obtained:

throughl"the titrimetric method ' was expressed as - the

manometrlc unit. An arbitrary factor, 3, was used to convert
the t1tr1metr1c unit to the manometrlc unlt. It was obtalned

by regressrng the exper1mental results of the same samples
L]

\~;\\y1th ‘the manometr1c~ and t1tr1metr1c methods (Underkofler,'
) —— . - ¢ . . R

\ ’ . ’ . . ’ , «
,1958).*«\ _ S o .
When manometrze\dr\;glarographic methods~are used, the
N3 e '

already confoundlng units can B\CSme even more puzzllng

' some,,cases. ~Some suppliers deflne therr .glucose, oxldase%

units, as be1ng determ1ned in  the absenee of eataiase?'
therefore doubling the oxygen uptake, making the act1v1t1es
of different suppl;ers unqgmparable (Scott, 1975a).

, . - TS

-In rorder to bring 'uniformity _into the :wchads ~of

exﬁress;ng the enzyme act1v1ty, the Internatlonal Union of.

Blgﬁhem1stry, Enzyme Comm1551on, proposed the def1n1t1on of

“Unlt" (TUBy 1964) as:. "One Un1t (U) of any enzyme,ls that

s

of the substrate per m1nute under standard cond1t1ons

%mounp-whiﬁh w1ll catalyse the transformat1on of 1 mxcromole‘»

°It was also suggested that the measurement be carried

out under optimumvgbnditio&s?and{the "enzyme assays should

,‘Yf ?




‘substrate concentratlon up to 200 umole.

u ltr»
‘ .
be based wvherever poss1ble on measurements of 1n1t1al rate

1of react:on and not on amounts of substrate changed by. the §
end of a ‘period of t1me unless it is known that the velocxty“

N
rema1ns cdnstant throughout the (;er1od" 0bv10usly, the

t1tr1metr1c ‘method | does not meet this criterion, while the

polaroggaph1q m&thod is able to measure the 1n1t1a1 reaction
. ' | ‘ | ‘
velocity. o , S

B

N

L T
PV YR
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; ﬁﬁu@tlon properties of glucose ox1dase

‘.-

2, 7 5.1 Substrate spec1txc1ty

The substrate spec1f1c1ty of . gﬂucose oxidase has been

-well studied and some of the results were summarlzed by

Wh1taker (1985) and are presented in Table 2.4. Glucose

oxldase has a very h1gh spec1f1c1ty r BLD glucose.

1However, Taylor et al (1975) reported that glucose ox1dase

from‘ Pseudomonas fluorescens _oxidized B-D-glucose ‘and

3 deoxy 3- fluoro D- glucose at the same initial rate _at"a

2. 7 5. 2 M1chae115 constant (K )

The M1chae11s constant, also”referred to aS"Michaelis—

o Menten constant (K ) is def1ned as "the concehtrat1on of the>

spec1f1c substrate at wh1ch a given enzyme yields one- half

its’ maximum veloc1ty (Lehnlnger,‘ 1982). It reflects the

N/

aff1n1ty characteristics"of an enzyme'-for a spec1f1c'j

"substrate under certain reaction cond1t1ons.'Thefreported.

' Mlchaells ‘constants of glucose oxidase for glucose are

[

"_%V . ! 42



v "

N . \..\(' ' :,"\ . ‘ . )
Table 2.4 ~§®s}:rate specificity of glucose oxidase
S : L . . : .
(adapted fromWhitaker, 1985).

T

Compound | Relative Rate »

k3

4

B-D-Glucose ~ 100
2-D-Glucose R O 064

1.5-Anhydro-5- N 0 |
, D-glucitol ‘ ‘ . .

2-Deoxy-B-D-glucose . 33"
. D-Mannose : ¥ 0.98

2-0-Methyl-B- - o : .
£ - D-glucose - _ - ' 5

~ %.3-Deoxy-B-D-glucose | R

‘B-D-Galactose - “ 0.5

i

SoRge
.

4-D-eoxg—r3-,D—glu'_cose | 2

; S,_—-Deo’xg—B-D—g_}ycose - ©0.0%
. Y L o o
. L-B-D-glucose . ¥ o

.g—Deoxg-B-D-_Qlu'cos}e - 10 N

Xylose - | o - 0.98
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‘presented in Table 2.5. A lérge v5riance among .the reported
K, values can be observed. -For example, the. K, of
Asbergtllus:énzyme raﬁges from 0.026-0,31\M, even though the

aésay conditions aré‘almost.fhe same.

2.7.5.3 pH debéndence oflghe_enzyme rgacfiqn |
‘ Gihéose oxfdase from both Aspergillus niger and’
Penlclllium§8tfains‘has a wide range of eerctivé pH values
betwéen 4.5 to 7.0, with ;optimum pH around 5;6 (Scott,
1975a; Bentley, 1963). Af lower pH values, the rate.limiting
v%tep of‘overali turnfoJ;f was reportedbtd be the rate of
‘fofmation- of enzyme—sUbst;aée cohplgg__(EéLS), _while:'at a
highe; pH rarige, -the limiting step wé; the combination of
redUcedonrm glucose oxidase (E ) with oxygen to form
Eo-ﬂzozicomplexﬁ(B;ight and Appleby, 1969). - ’

‘Qludoée oxidase has also been 'repoftéd to be quite-
unsf&ble 1a£ pH values greater than 8 (Bentley, j§63).
However, the enzyll;e f:QQld_.be stabilized by the presen'ce' of

L

its substrate, such as glucose (Scott, 1975a).’ =

2.7.5.§‘Ef£ect of tempeféfure on the reaction rate
The'elévation ¢fwtempératur§'will affect thé reaéﬁion
rate of glucose _oxidase in'JtHreé aspects. ‘The hiéhi
temperature will: (1) lower the activation energy for the
réaction, thus acceleratihg fhe reaction rate;” (2) decrease
the solubility of oxygen in the,solution;,and (3) aéceleréte
the heat denétu;étion'of‘thevenzymé. Balanced Bf theSe'three

factors, the reaction rate of glucose oxidase is found to be
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Table 2.5 Michaelis constants of glucose ox{ﬁase.

(WA

)

0 4
- Fungi Temp. | py Km For Reference -
rSources (90) Glucose(M) | o L
A niger | 15 35 | -0.05 Nekemura and Og@, 1968
: ' . . o / ' |
A niger 25 | 35 | 0.064 |Nekamura.and Ogure, 1968

A omiger | 27 56 | -0.11 |Gibson &7 8/ 1964
NN ' :

\\

A miger | 25 | 56, | 0033 |Swoboda and Massey, 1964 ..
L o o‘ <y
“ A niger 25 5.5 0.026 Nekeamura and Hayashi, 1974
P.amogo—' 30 | 56 [ o015 Swolloda and Massey, 1964 -
SOKIENSE ’ S T :

- Fnatetuh | 20 | 56 0%96 Swoboda and Massey, 1964

‘ No_t_‘repo/rted 25 5.0 0.034 Ciucu and Patroescu, 1984.
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relatively unchanged from 30 to 60°C, and does not decrease

" gignificantly when temperature is well below that range
(scott, 1975a). Actually, the offset resulting from the

. decrease ‘of oxygen 'solubility at higher temperature is so

severe that ;ho‘geaction rate of the enzyme at 90°F (32°C)
is substantially the same as the rate at 50°ﬁ.(10°C) (Scott,
1975a). On the other hand, Ohlmeyer (1957) feported-tu?t4th§“
activity of élucosg‘ioxidase increased as “the temperature

increased, up to a 1limit where the enzyme was rapidly

denatured} at 87°C.e

'2.7.5. 5 Inhibitors of glucose oxxdase

~Glucose oxidases from various sources are 1nh1b1ted by
/ EJ

‘metal ions such as Cu®* and Hg~ (Nakamurg and Ogura, 1968)

and parfially by chemicals such as sodium bisulfite
(Bentley, 1963). The ' broduct “ of &énzymé reaction,
D- glupono-& lactone, was found to be an inhibitor of glucose
oxrﬂéée, possxbly by b1nd1ng itself in some way to the
actlve center Lf» the 'enzymo (NMakamura and Ogura, 1962;
Gibson et a7;f 1964) .
2.7.6 The appllcatlons of glucose oxzdase in- food processing
Glucose oxldase,*alone or coupled w1th catalase, has
found wide applications in food gcience and technology
because of its ;}veriotile funcélons..' These numerous.
app-liéations 'i:an 'be‘ di_vi@;into five main categories:

1. to determine the g ucose content of foodstuffs;



-
2. to ftrm hydrogen peroxide;
3. to produce gluconic acid;

, 4. to remove glucose;

5. to remove oxygen,

2.7.6.1 Enzymatic determinatxon of glucose .

Béﬁause of w1ts high substrate specificity, glucose
oxidase, free or bound, has been used to determine the
: glucose eentents of foodstuffs (Valentova et al,, .1983)., A
'_glucose oxidase impreghatedwwtest tape was adapted from
clinical use to the potato chip 1ndustry by Smith (1960) .
The so-called “Chip—Coior Tester" changes 1its color from
yellow to various shades of green when it is in contact with;
raw potato slices. The glucose content ofbthe potatgesfcan

be- read directly. The color of potato chips could be

predetermined successfully ‘from the reading " of the

’

~Chip-Color Tester.

2.7,6.2vForﬁatioa ?f hydrogen-peroxide_

| Some chemieal oxidants, such as bromates, ealcium
perdxide;.:ascorbie acid, and chlorine dioxide, have long
Abeen used’in the'bread mak}ng industfy toqmature or bleaeh
flour (Pomeranz and. Shallenberger, 1971). The improving
effect 6f.ascorbic acid on the quality of baking flout,was
reported tobbe enhanced by adding gldcdsesoxidase'(Maltha,
E T§55) A USSR patent also descr1bed the addition of glucose
oxidase and ascorbic ac1d to dough (Kretov1ch et al., 1969).

‘Scott (1975b) postulated that the enzyme removed. free oiygen
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in the doughy thes saving ascorbic acid, leaving it for its.
’Emproving effect on baking properties oflflour.
Glucose oxidase from A. niger, combined with lacto-
peroxxdase, can preserve a contam1nated milk product against
a mixed ihlcrob;al challenge (Banks and -Board, 1985). The

role of glucose oxidase enzyme was believed to be generating

the required hydrogen peroxide.'

2.7.6.3 Production of gluconic acid. \
Th:‘yluconlc ac1d ~produced by glucose oxidase can be
used .toj acldlfy milk to meet the requirement for m1lk
‘c0rdling (Rand 1972). Either glucose or lactose has to be
present ko prov1de uff1c1ent substrate for glucose oxidase.
‘The utilization of glucose oxidase to extend the
shelf-life of fresh seafood was reported recently (Wesley,
1982; f‘ield et al., 1986). The application could be
_pccomp11shed by: (1) dipping fresh fi;h in enzyme-glucose
.solut1on, (2) packing fish with crushed enzyme substrate
conta1n;ng ice; or (3) by storing glucose-solution-dipped
fish/and enzyme-impregnated algin blankets in alternating
layer/:s ‘(Field et al., 1986). The method neatl’y ‘doubled the
shelf-life of fillets and reduced drip- loss in storage. It
was . bel1eved that the gluconic ac1d generated during the
treatment ‘would reduce the pH of the surface of the flsh;
inhibiting the growth of‘spoilage microorganisms which were
acclimatized -to neutral - or ~sl1ghtly alkallne marine

env1ronJents. Glucon1c ac1d 1tself could also be bacterlo-~

stat1c, as could the hydrogen peroxide which might be

/

/]
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2,\ ’

produced (Field et al., 1986).

2.7.6.4 Removal of glucose

P
Glucose can, in some cases, present problems in food

- processing and preservation., Glucose oxidase has been used-

to remove glucose from foodstuffs such as corn syrup, invert
sugar, dehydrated meat and dried egg powder; ‘
Glucose in invert sugars and corn syrups is not as
desirable as fructrose due to its lower sweet equivalence,
possible (glowef assimilation in digestion' (ch‘p, 1975b),

and facile «crystallizing characteristics (Mermelstein,

1975).‘To remove glucose from invert sugar, glucose has been

first oxidized by glucose oxidase to gluconic acid, which
was separated by passage through an ioh-exchange‘ column
/(Scott, 1975b). Glucose oxidase has also been applied‘to

produce the low glucose corn syrup which has an dextrose

equivalent ™ (DE) value equal. to ordinary corn’ syrup, but

contains a lesser amount of nmnosaccharideé (Mermelstein,
1975) . |

, The glucose content of meat may incrgase because of
"glycblysis Cactivity (Sharp;"1957Y."The discoloration - of

dehydrated meat during storage is believed to be caugéa‘by

the Maillard reaction between amino groups and glucose or

its bréﬁkdown prbducts (Henrickson et al., 1956). Glucose

oxidase eﬁzyme was used by HenfickSon et al. (1956) with

hydfogén peroxide to treat meat before fdeﬁydration; They

found that ehzyme-treaied pork was more stable and lighter

in color than the control.
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The\ gxeaeest success of commercial &pplicaﬁion of
glucose oxidase in the food 1ndustry is in egg drying. The
natural glucose in eggs can deteriomate the qua11ty of dried

. powders by either condensation w1th asino grou r by
‘reactina- with cephdlin to 7produce off—f}avors (Hill 'and

Sebring, 1977; Berqu1st 1977). ng

The removal of glucose from eggs, regegfed to as
~"desugar1ng , used to, be achieved by fermentafion with
contam1nat1ng microorganisms or by controlled bacterla and
yeast. The first app11c§t1on of glucose oxldase enzyme in a
.desugeeing:progess was reported by Baldwin et al. (1953).

Egg white, containing 3.4% glucose on a dry basis, was

acidified with dilute hydrochloric acid to lower the pH from
. . .

9.0 to 7.3. After. treating with- 0.5% glucose

oxjdase-
catalase enzyges for about 15 ﬁburs at B80°F. ‘
glucoee’content drepped to 0.1% (dry basis),
white was suitable . for' drying. The{r‘ results were
corroborated by Carlin and Ayres (1953).

Scott (1953) developed an enp1r1ca1 felationship for
" glucose level t1me, enzyme level and hydrogen peroxide
demanded for enzyme desugarlzat1on in preparation of algaden
solids. Yolk and whole egg were also desugarlzed by glucose
,oxidase-catalase_enzyme system. The glucose content dropped

from 1.2% (dry basis) to 0.1% after treatment with 0.3%

enzyme for 4 hours.

The quality‘of enzyme-desugarized egg yhite, yolk and

whole egg powders has been théAsubject.of sevéral studies.
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The enz§he-treated powders\ vere compared wjith confro;‘
samples (Paul et ai., 1957;‘Sohg et al., [f984), or with
m1croorgan1sm fermented” sampiﬁs (Kline et al., ,1954; Derwish
and Sadek, 1978). Enzyme treatment 1mproved the storage
stability of the egg yolk solids (Paul et»al., 1957), and
resulted in tugher foamlng ab111ty of egg white than the
control (Song et al., 3984). The enzyme-desugared egg white
had a better foaming capacity..than the yeast-desugared
sample (Darw1sh and Sadek, 1978). The storage stability of
egg powders prepared by the enzyme ‘or yeast desuéaring
methods were equivalent as appra1sed by chemlcal functional
and flavor tests (Kline &t al., 1954). |

The deehgarizatioh .of egg .white by co-immobilized
glucose oxidase and catalase was reported by Kobayshi et al
(1978) . Glucose oxldase? and.»catalase . were 1mmob1r1zed
together or _separately by - usang pélyacrylam1de ‘ger:

31 1oye%y {%ha "e?ﬂ\%i
- ;vi . w“ " q .\-i;

Ox1dat10n of glucose to giuconlcﬂaCIdf“

Menten k1net1cs.

packag1ng Glucose ox1das%”aa€§lase enzymes have also been

J
:é;;%s to pchleve thlﬁ 9081

P

Hé¥1ds, the ox1dat1¥e ranc1d1ty

During the storage f§

;. resulting from exposure 11ygen 1s the most common and,

v
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f‘most troublesome problem (Ham'ilton*, 1983) '~Mitsyk et‘al

;(1968) applled .fa glucose ke oxldase ' preparatlon ; from,

Penlcilllum vltals to prolong the shelf llfe of fats. The‘

“surface of the fat was covered by a film of a, m1xture of
; N

,‘enzyme ‘and acetate buffer, glucose,l.and~ ascorb1c ac1d

Osadehaya~ (1971) added glucose oxldase and catalase int’;

~,

'melted pork and beef fat and kept the m1xture hermetlcallyi'
i'sealed in glass Jars.ﬁThe fat thus treated remalned usable'
. . B . ',‘& © ," . : ‘.

”for more than\1§ months. -.;\*'i % &/_f f E

. e
!

» Dehydrated foods, because of thelr tremendous 1ncrease_
fof the surface area exposed to oxygen (a1r) 'are,espéciallyi
‘susceptlble., tom autox1dat1ve ranc1d1ty.‘g‘The_% direct
.appllcat1on of " enzyme systenn to: these foods,:vhowever, isf*‘
'w1mﬁbss1ble, as the m01sture/content of the foods is too 10w;*
-to permlt enzyme act1vatlon (Scott- 1975b) Hoyever,f‘the,
i‘;free oxygen ‘in packages or - contalners f -fééasi‘¢5n ‘be"
"removed by means of a d1spersxon of water,‘ glucose-fand :
‘enzyme system of glucose ox1dase and catalase (Scott 1956)

: ,The enzyme d1sperslon was atomlzed onto su1table carrxers,

ﬂﬁsuch as. sawdust, corn. coles, polystyrene or- clay,‘and thlsewf

‘deoxygenatlng m1xture lwas zsepanated from ]the upaCkage:&ﬂ

gcontents W1th an oxygen permeable barr1er such. as paper orl ;
;lpolyethylene (Soott and Hammer, 1962 1963) Lev1na et aﬁ L
'*:(1968) were also able to prevent dry foods, suclx'as 'dryf';

"m1Lk< coffee and .candy,, from autoxldatlon by add1ng a<;y
» ' S B
‘m1xture f glucose oxxdase, catalase, glucose, buffer"r.

.hyantlblotlcs and a flller, such as starch ff@ﬁ ~ f77_'””f'



In many'cases, foods are-eithe%Ihot?filled or heated ‘-

@;,w; after seallng.,Glucose~ox1dase and catalase have to surv;ve;‘

the -Heat: treatm nt 'for the1r tunctron of ° deo;ygenatxon.,"'

8cott (1975b), coatked the dry ﬂenaYme with a” hot-water
insoluble material"such as methylacellulose,'or a~time-
) release coat;ng, %nd thus was able to stab111ze the enzyme

thrbugh the heat treatment . . o

s
/

-The-deterloratlon and po11age of beer durlng storage,
\caused by qx1dat10n reactNQZ“; can be 1nh1b1ted by add1tlon”'

D of glucose ox1dase catalase enzymes (Ohlmeyer, 1957)

Bartpn et al. (1955) to protect canned soft drlnks- from

- fad1ng of %ens1t1ve colors and p1ck1ng up of 1ron.f fhe'
enzymes have: also been utlllzed to. stablllze fru1t dggnks

" and &oncentrates, such as ‘orange Ju1ce, 1emon ju;ce andt
grapefru1t dr1nks (Scott -1975b) . ;‘fj . | vfjl", f‘
Apple wrne _is susceptible to oxldatlon ‘and to the
development of acetic ac1d Yang (1955) app11ed the glpcose

- ox1dase catalase system to remove oxygen from the wlne, and

L
. R Y * 3

' .thus prevented development of volatlle ac1ds. Accord1mg to
h:“-j Soott (1975b) a con51derab1e amount of work has been«dones"

‘\
by Ough and hls colleagues on the stab1llzat1on of wh1te

wine Wlth glucose» oxldase catalase system éhd favorable

i

B iplts have been ach1eved ’
A few more appllcatlons are worth mentlonzng. A/aghcose-
//\\\extdase catalase 1mpregnated plastlc ‘Vrapper was. able to

e .
\\\\\ revent brownlng r1ng in the loaves of cheeses (Séott,. o

jThe glucose ox1c3lase—'!ataJ;ase"r system was ‘applled by[ H



T . se

\19f5b)' The‘enzymesﬁcan also be used to preVent_oxidétive_'

ranc1d1ty xn@ mayonnalse (Séétt; .1958), to ; prevent‘

dlscoloratxon 1n precooked frozen shr1mp (Kelley, 1974), and

to protect ascorbxc,g‘f.'(Chogovadaze and Bakuradze 1972);

2766 Recent 'activities, ) SRR e o

Recently, the research act1v1t1es on glucose oxldase
seem‘to empha51ze 1mmoblllzat10n of the enzyme,’ alone or
“w1th catalase, and the application of 1mmobrllzed enzyrnes.
Examples of such research endeavors 1nc1ude 1mmob111zat10n
of glucose oxldase by 1rrever51ble adsorptlon ofi the surface

~of. a graphlte ele‘ctrode (Ikeda et al., ,1984), by entrapment

in gels (Freeman et al., -1983); on | a ‘col'lagen membrane

- {Gozia et al., 1‘983); and -on dimethyl«;avmia,te_d nyleh gev‘ls

_(Miyama et al., 1985). S RN

A



'3, EXPERIMENTAL

. Lo . Lo e 4 ) .\ ) . "\

3.1.1 Potatoes‘

‘Potatoef of Superior and Shepody var1et1es were

obtalned from & & S Produce Ltd., a local food processor..

Norland potatoes were purchased from Centenn1al Acres, a

local potato Suppller. Potatoes were either, stored at 4° Co

‘reducfng sugar content. o o o P -

5 g

. or

?(D?glucose) all certified A. C s. grade‘(?jsher_scientiﬁicf

w'lCo., Falr Lawn, NJ).

‘I(Caledon Labs., Georgeton Ont )

.ori recondltloned ‘at room temberature to achleve su1table

B
3.1.2" Glucose oxidase
‘Two commercial preparations offglucoseioxidase:enzﬁme
from Aspeﬁgillus nigeP were used:

N A. DeeO 1500, 1n powder form} 1500 Glucose 4Dx1dase

Un1ts (GOU)/g (Mlles Laborator1es, Elkhart, IN).

‘B, Fermcozyme CBB- 750 in 11qu1d form,’ 750 GOU/mL

" (Fermco quchemlcs, Elk Grove Vlllage,'IL). -'u ',' ot
3.1.3 Chemicals =~ ¢

-

) Monobasic (KH,PO.) ahd' dibasic (K HPO,). potaSSigm :

' phosphate, 85% 'phosphoric V%cid' and 'anhYdrous' dextfoSe"

. Y
nl

R

Reagent gfade chloroform and anhydrous ethyl ether

afd‘ - g 55 e -h‘f

o

A



3.1. 4 Equfbment
| Model 53 b1olog1ca1 oxygen monitor and YSI Model 2%

industr;al. analyzer (Yellow Springs Instruments, Yellow

K

'Sptings, OH). |
o "Hobart food cuttergandtdicept(The Hobart'Manufacturing
Co., Troy, OH).’ e o h | ‘. v
General Electrlc fryer,‘Model CK40 (General -Electric
Co., Chlcago Helghts, IL). ) Av' ';
Hunteerb Model D25M/L -2 colorimeter (Hunter Assoc.

Lab., Fazrfax' VA). T ) “

Beckman Jd- 21B centr1fuge (Beckman Instr.,,Spinco D1v.,
Palo Alto, ca). |

Model 5851 .vacuum oven‘a(National-.Appliance Co.,
. B (' . e
. Portland 1?)R) o

iy .t

) 3t2MStudies'onleucose Oxidase

S

3.2 1 Preparat1on of phosphate buffer and var:ous solutxons
Phosphate HufferSsof various pH values were prepared by
m1x1ng the KH,PO, and KzHPO. solutlons (Bdth 0.1 M or 0 15}'

M) to obta1n the de51red pH values. A Modei 230 pH/1on meter

Kot el

(Flsher Sc1ent1flc, Fa1r Lawn, NJ) was used to measure pH.‘
(

© For. huffer of pH lower than 4 5 phosphorlc ac1d was used toj‘dv

br1ng KH,PO. solut1on -to. the desired pH.pm
S b )

Glucose sﬂﬂutlon, 1 M e1ther in- phosphate buffer or in

S '
: Mmll1—Q ";er, was kept at room temperature 0vern1ght befere

~use. S _ |
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Glucose oxidase solutions were prepared by dissolving

the enzyme elther in phosphate buffer or in Mxlli-Q water

_prior t0 the experiment., The enzyme concentratron was

expressed as percentage in solution, w/v for powder enzyme

and v/v for liquid enzyme.A

3.2.2 Actrvrty assay procedures:
A total of 2 95 mL of glucose solutlon and phosphate

buffer was plpetted 1nto the reaction cell of the oxygen

. el - N i : ,
monitor and stirred -for 3-5 min to achieve temperature:

eduilibrium and air saturation. The 'okygena probe was

-

inserted carefully to expel any air bubbles that‘_might.

"attach to it. Glucose oxidase solhtion'(so uL) Gasiadded

with ‘a syringe through the slot on the oxygen probe. The

okygen-pressure of the solution was recorded with a 10 in

Beckman recorder at a chart speed of 1 1n/m1n An example ‘of

the graph obtained is presented in Flgure 3 J

1

To check .the effect of glucose comgentrat1on on the‘g

£
enzyme reactlon rate, the experlments fﬁre carr1ed out at

25. 0 c, as recommended by IUB (1964), and at pH 5.5, w%lch

- was reported to be the optimum by Bentley (1963) The ratfo
U of glucose solutlon (1 0. M 1n buffer) ‘to phosphate buffer
“was adjusted to obtaln the de51red glucose concentratlons in

‘the £inadl solution. ¥ - | p.ﬁ . o ——~

. 2 .

To carry out the measurement at dszerent pH s, 0. 90 mL

\

1 0 M glucose in water and 2 05 mL 0.15 M phosphate buffer

- were used for each determ1nat1on so that the “\buffer

BT T AR
S L e R
o R
”"Xl757



100

90

Qo
)

- Oxygen partial pressure (% )

o

»
O

40}

Time (min )

,E‘igure 3. Example graph of oxygen part\lal pressure traced'
by the Model 53 B1ologlcal Oxygen Monlﬁ The measurement'
' was carried Qut at 40‘ C, 0.3 M glucose,z with ch'art speed of'_
1 in/min. - | - o |



N e! él, ¥ ’

-~

concentrat1on of the final solutlon was kept at 0.1 M,
To . test the effect of reaction temperatute oh the
reaction rate, the experlments were carried out at various
temperatures (25 tor 40°C), at~ pH 5.5 and glucose
concentration of 0;3 M, whii‘ was found to be the minimum
glucose concentration . for act1v1ty assay. . | |
| To study the thermal stab111ty of the enzyme, aboutuz
mL of enzyme solution (in 0.1 M‘phosphate buffer, pH 5.5)

was put into a test tube and held- in" a water bath at .

specific temperatures. The test tube was taken out after a

certain timé and cooled in cold water. . The remaining’
. \ ‘ : C col : R

~activity was assajed at 25°C at pH 5.5  and «glﬁccse

} coﬁcentration of 0.3 M.

.

0 3.2.3 Calculat1on of react:on rates

To calculate the 1n1t1al veloc1ty of the reactlon, a

straight l1ne was drawn tangentlally to the recorded curve

“as illustrated in’ Fiqure 3.1, fhe reductlon of- ,oxygen

pressure in 1 ﬁmin, R, was obtained from the gg&ph. 0"I'he

- veloc1ty of the enzyml react1on, v, was calculated accord1ng

o

“to Equation 3.1.. S v ’ |
) 2sz'rx4Rx‘x—13’o x2 1 C(3.1)

;fwhere: » ; o _:".

ve reaction.véIocity in umole/min;

“”oxygen solub111ty of the solutlon atv

tpmperature T in uL Oz/mL- d’% 2




;S .

R:. ': " oxygen pressure reduction (%) in 1

‘

“min;
. . .\ i ;".’ . .
Vs , total .volume (mL) of the solution,
~which was 3.0 mL in these

, : 7
experiments.

\
Thg activity - of the enzyme preparatlons was calculated

with EQuatlon 3.2

.'

"‘“.a‘éfLaE - %. B ‘ (3.2)
wbeééﬁﬁ_ ] o
‘Iﬁ: S Interpational Unitj .
,ruf)v: reaction velocify calculated from Eq.
”52) A T 4 |
E: ) ‘total amount of enzyme used in

measurement in g or mL.

l

The oxygen solub111ty at temperature T (ST in Eq. 3.1)

was calculated from Eq 3. 3.

ST = ST° x €K = Dy pro, T & -
;where: | /
i ST°! ' . oxygen solubility “in pure vater at
S | teﬁperatUre T (uL 0,/mL); | .
ke constant, 0.0156 (Zaqdér, 1976);
: | glucosevcéncénxratio; (%). i
JDmﬁfer:' -jdecngase of_oxyéen,solubilitj tauééd
by 0.1 M phogphate buffer at
, ’temperatute T, R ’ | g
R} o values could be 59und ‘from previous data,';and

| u&ﬁgéuﬂkr'wgs”ca}culatedltrom the data gf%gn by Robinson and

! . . s “
kg o V



Cooper‘(1970);

3.3 ‘Preeessing andl‘Epzymeﬁ Treatment of Potato Chips >a;a
French Fries/ n | N
3.3.1 Processing of potato chips t'.' e

Potatoes of Superior and Shepody varieties were ueeﬂ
fot chip making.vThey were either from cold storage (4°C) or
~reconditioned at ambient temperature for a sUitab%e length
of time to achieve varioue reducin; sugar contents,

Potatoes were»washed, hand peeled, and sliced;with the
Hobart Food Cutter and Dicef to abeut 1/20 in (1.3 mm)
thickness. SampleS'Qf the slices were taken forvglucose‘amd
moisture conteht-determinatiohs. After washing in eoia vater
‘to get rid of surface starch, the slices were eitﬁer d:ied_
on paper toweldor treated with enzyme sclution. They were
then fried in hot oil at 180°C. Frying was terminated when
bubbles ceased to rise from the slices. The‘chipstobtained

were packed in polyethylene bags for later analyses.

Y A

S - : . BN
3.3.2 Enzyme treatmeht of potato chips o
About 250 g- of the’ cold water—-washed slices were
immersed in 1 L of ‘water - or enzyme solutions at 'various

temperatures for various tlmeg The enzyme concentration in .

the ‘solutions ranged from 0,

enzyme and v/v for l1qu1d e ﬁe). The treatment was carried

5% to 1.5% (w/v for powder'

~out at 20, 30 and 40° C, %1th the d1pp1ng time vary1ng from)

fon
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t

30 to.§p;min. During dipping; thquamﬁleé were chaéiohally
sEirredﬁwith'glass rod. After dipping, siiéesiﬁere dried on
paper téwe; and sqmplés.of the slices were taken for glucose
and moisture content determinations. C

‘ To Eﬂ%ck the‘eﬁfect‘of aeration oh‘thé enzyme reaction
onjpotatblslices, compressed éir.(apprbx,,21x O,, 78% N,)
was bubbi@d through tﬁe solution dufing,thé enzyme treatment'
at a raté of'apgugasooo cc air/min (Lab Crest Series 100

Century Flowmeter; Fisher Scientific Co., Fair Lawn, NJ).
3.3.3 Procéssing QE French fries N
' N ‘ .

Norland poégtoes from cold storage were washed, peeled
ﬁﬁd sliced with the Hobart Food,Cuttefréﬁd Dicer ihto strips
!df 3/8 in’ (1 cm?) cross section. Samblgs_of the étrjbs.Were
taken for giucose ~and moisture content determinations;
Strips were then washed .in 6old..water twice. Pre-frying
treatments of the strips, such as blanching, were carried

out, followed by ‘the enzyme -treatment. Strips were then

dried on paper towel and fried in oil at 185°C for 3 min,

- s #, ‘ : : o’
French fries thus obtained were kept for various analyses

and evaluations. - . .

\

3.3.4 Pre*ering treatments for French fries
Part of _the raw potato st:ips‘ were fried directly

. e ,
without- further treatment. The remaining strips were hot

'nwatér blanched or steam blanched prior to further

. treatments. Hot watef'glanching-wés performed at 80°C for 15

Y
%
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min, as recommended by Brown and Morales (1970). Live steam
at atmospheric pressure for 7 min was wused in steam

blanchinguof potato strips according ﬁo Strong (1968) and
Wilder (1972), 'ii

}.3.55Enzyme treatment of potato strips

About 450 g df_gotato strips, blanched of unblanched,
were‘immersed in .1 L of either water or enzyme solutionét
kept - at i‘various temperatures. The enzyme concentrations
ranged from O 05% to 1.5% (w/v for powder enzyme and v/v for
11qu1d enzyme). .The dipping was carried out at 25 or 35° C
for 5-20 min, During the treatment, solutione were stir}ed

every 2-3 min. After treatment, the strips were dried on

.paper towel and samples of the strips were taken for glucose'

»

a3

. and moisture content determinations.
L) g ’ .

&
s
’

3.4 Analysis and Sensory Evaluation

3.4.1 Moisture content determination

The AOQOAC (1980) method with a convehtional“ oven at

o
5 X

105°C was used for m01sture determlnatlon. -

.'/P

3.4.2 Glucose content determination
Q iy

3.4.2.1 Raw potato. samples - ‘ ) ,
| Chopped raw potatoes (50.0 g) were blended w1{h 100 0-
HmL d1st1lled water at high speed for 2 m1n._The mixture Mas

‘ _ A% -
then filtered through a ‘Whatman No. 4 paper 1w“a‘Buchner,'

A ; “ .
Y C - ' 1, . 4
.
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funnel attached to a water.‘aSpirator. A portion of the
filtrate was placed in a_test tube and heated in 80°C water
for 10 min, cooled, and refiltered through a Whatman No. 4
papeg.‘A 25 uL aliquot of filtrate was then injeéted into
the YSI Glucose Analyzer. Glucose content of the sample yhs
calculated from the following formula:
e
where Rd was the: direct reading from the instrument in

mg/dL. A .0 T , o

3.4.2.2 Cooked (blanched) sampies

Chopped samples (25.0.g) were blended'with.100 mb of
distilled Qéter at high speed for 2 min. The slurry was then:
~centrifuged at 25,400 G for 15 min. A 25 uL aligquot of the
sube;natant w;s injected intoﬁ the YS1I Glucbse Analyzer.
Glgéoseicontent'of'the‘saméle was calculated ffom:‘

v _ - Rd

Y \

3.4.3 Color;meaéﬁfemqu\of_potato chip# and:Frenéh‘fries
3.4.3.1 Potat? chips —

About 40 § of chips were crushed iﬁ‘polyethylgpebags‘

o that they_copld be .put into the blending jar.'séﬁples

3ere ‘blended  at .lowv spéed ugof‘ ab few :minutes and ,sif;ed‘

through a 10 mésh\sieVe.‘The sifted\sampleé were filled into

“the 'ﬁunterlab sample hdider for"colbr measurement. The

surface of 'the sampla va§_smoothéd with a spétula.
P S

S B
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The . Hunterlab Colorimeter: waS"' &tanda\;ﬂiz‘gd' ‘wf'ﬂ\"
standard yellow plate (L=77, 9 a=-1, 4 b=23, 3). The lor of

. %
"~
£ NI e e

dup11cate samples wds then measurqd and averag E@!&lngs of v
LI LY ’

L, a and b were obtained. . i '\“ .

I“‘A\‘ | \‘

3.4.3.2 French fries

For color measurement of French fries the Hunterlab was
also standardized'with(lhe yellow plate. Samples of French
fries were placed sidg bf side on the sampie hoider.xThg 
samples were then covered with a black alumihum plifite in
which ‘a hole of 4 cm diameter was cut in the center. '_I‘he"
.color of sahplesJ was measured through the hdfe.‘ Three
dlfferent locations on the sampafs were measured ;o obtain
~the average values. oy, A
- The color of French fries ‘'was also evaluat;d ‘
subjectively by comparing theﬁéampie color with the USDA .

color standards_(dSDA, 1972).

(-]

3.4.4 Determihation of fat content of potato chips and

French fries,

The fat content of botgto chips was determined with the
Soxhlet extractlon method as .described by Lees (1975)(“

The AOAC (1980) method was used for the determ1nat10n
of fat content in French fr1es. Sampleé‘were vacuum dr1ed at
60°C and 100 mm Hg for 24 h, followed by Soxhlet extraction

with anhydrous ethyl ether for 5 h. ‘
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3.4, 5 Sensory evaluation
Sensory evaluatlonl was, cq;\:ed out to compare the~
:3Ff1avor otydrench fr1es prepared w1th hot water blanch1ng andf'”

f:steam blanchlng. Water blanch1ng was carr1ed out at 80 °C for,f

~

;d;15 m1n, wh1le in steam blanchlng, strlps were/steamed under”
inhatmospheruc pressure ﬁor 7 m1n and d1pped in water at 35 C.~
'ifor 15 min before fry1ng. Samples from these two treatmentsﬂf
'?hwere_—eerved to the panellsts together 1mmed1ately- after :
~fffry;tng. Panellsts,,recrulteg from the graduate and under-r“'

f¢aﬁgraduate students and techn1c1ans from the Department f]
.l‘\ ‘
rvdEood Sc1ence, were asked to taste and compare the samples.

o
s,

)"iThe evaluat1on sheet is shown in Flgure 3. 2 jj‘\‘

Loe

~“]-_The sensory evaluatzon ‘was also ‘carr1ed ‘t.'tol.
; 1gdetérmlne whether glucose oxldase treatment 1mparted any;,ﬁ

moff flavors to potato ch1ps and French frles, Samples of' o

n,lpotato chlps were prepared by dipplng th? sl1ces,1n water ork_'
jftfo 1% 11qu1d enzyme solut1on at 40 C for 60 m1n' before“.”

‘rench fr1es were prepafed by d1pp1ng °the steam;nﬁ

Q

~:b1anched potato sters 1n 'water org 0 1% llgUId enzyme,”

7L;e%zyme treated samples were served togetheriftonthepp~

nypanelxsts. An evaluatlon sheet is” shown in Flgure 3.3.

e

f_ﬁsolutlon at 35waF%r 15 min: before frylng. ‘The control and?;k'



W .
| - \Sensory‘EVaI"uetion FOX\Fren,ch Fries - A
' “Judge,: — - .. Date:__

b mj U

by ) . Co . . EY

1) ﬁavorE {he t_‘ypiycal‘ flavor of potato French tr‘ges , '
A 2) Texiure:good textufe means: o . '
external surfaces moderately crlspy, no
et noticeble separation from the inner portlon,
. N not excessuvely ouly el AT aRRE
.~ # . interiorportions: well cooked; tender;
. ;; S practlcally free from sogghess

2, ln'st"ruotiohs |
i . : . ~

Taste the samp|es and check the approprlate small boxes

N 'bgmde _ | |
- Ifyou cannotdecude, guessplease /7

v -

T

o . Donot take the cblor mto consuderatlo

3. Flavor' e | w.‘.‘v‘ R
Whlch sample has a\ stronger flavor" - '

4. Texture | o - e
o Whlch ascordmg to the deflmtrons, has a better '
jo R texture? B E IR TR B T

o R P s DT S I . . b
v LR e ! N -4

£ R . S . . L . . | oo
S Flgure 3 2 Sensory evaLUaﬁion 'sheet fot French friesgi

~

prepared w1t:h water blancl?mg ‘and steam blanchmg, o

: "",
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] ‘e ; 1 n ‘ ' B .‘ N o [ 3 . N ] » !‘ .
"¥% ' Sensory Evaluation of Potato Products '
.Judge Date:____ 1987

Sample type: potato chips R ‘French fries (]

L Instru-cti,ons: o S -

' . o i - ‘5 . ;

| o Taste the provided samp s a““ pohelicite
v approprlate box B s

II."Question :

. N ) .
» sy .

Did you detect any dlfference ifr ﬂavor between: the
two samples" R TR

:'YEsD“ j no[]

':é’iﬁ,ﬁ? %? feﬂif YES, please qgscrlbe v . L

- ~
) ‘9’3 . . .
.. . . £

<

-
~

N :
. L3
.
GA
\
N, B d
. ; .
L R
- ‘ -
-
o : -
.

" - e ,3
e



4. RESULTS AND DISCUSSION

4.1 Reagtlon Propert1es of Two Commerc1a1 Preparatxons oi

Glucose Oxldase o / ..x,,
n;- . o N / . D L . | . —

o 4.1 Oxygen solubilityuin the systemb g" - e
‘ In, the calculati‘on of the enzyme reaction veloc1ty and
act1v1ty, an unknown variable in Eq .1 was STﬁkthe oxygen
solublllty in the solutlon at temperature T. As there were
no avallable data for the phosphate glucose water system,‘v
the oxygen solub111ties under var1ous glucose concentrat1ons
and temperatures‘ were calculated- uslng Eq. 3.}7- and are
presented in Tables 4.1 and 4, 2 respect!vely‘ : ; ““
ST° values gfre taken from Stephen and Stephen (T963)

- Dbuffer' values were:'calculated from the graph ‘given by

Roblnson and Cooper (1970) as skpwn in F1gure 4, 1. The  k

. value was, taken as 0. 015@-from ‘Zander (1976) ‘» R

‘The oxygen solublllty of a solutlon 1s affected byw

tffactors such as oxygen partlal pressure above ‘the solutlon

R RES

“;(Henry s Law) 'temperature and the types and_concentrat1ons'

ofx,solqtes.“‘sf.the- experlments were carr1ed out at
. ' \—_w ‘ g Lt -
jatmospher1c pressure of a1r, the part1a1 pressure o; oxygen

{,?yas qu1te%stab1e and exerted lrttle effect on: the oxygen;u

’ d1fferent temperatures codld be obta:ned from th. prev1ouse

data (Table 4 2 an2-81gure 4 . '_.‘5'ff DA,
i o ; o . J ) o ",.:v. f‘ : :','.3:’;. v




' . . . . L v.:\‘ ) - . ‘ "‘ .
Table *4.1 Oxygen ,solubility in' :solutions of various
. .glucose concentrationg at*®25°C, calculated using ‘Eqi.“}".? “

A :
v .
| .Gl‘uc‘ose Concentration '§f.° "l : .bbumr»;‘z : = 3 i
| - 'z uL/ml |t/ el T/ me
0.02 ’o.3é_ \5;75" 022 5.59'
0.04 0.72 \‘v‘ 5.47
T 0.06 108 | 543
e Q’{Q;&T   '@1;.44‘ £ v s 0 ’ 4
R A 0.10, ; ‘;:.\8“'9.‘ | o v . »5.37 )
0:20 | 360 o o] sz
iOLSQ 540 h S 507 i
0.40 7.20 3.92
050 9.00. | .,X'\’ “ 478
1 .adepted from Steph'er: and Stephen, %63 R
. 2".adapted from Robiqs’?n ahkﬁ_tdopevr,, 1970 ) |
3 calculated using !'Eq33 i |
.. R o i .
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Table 4.2 Oxygenv 501ubx11ty in solutions aaw-varidus 3
e B ’

_‘temperatures thh glucose concentratxon at 0 3 M.

. - - . ‘ . ~‘0'l ) " D ' .2 ’ .3
Temperature ST - buffer - | - ST :
(%" uL/mb .} pl/mboof oL/ ml
» 25 | .85 022 | . 507

o
\ .

.. ' . ) L)" i o . - '
230, -, 524 - . 025 ) ,\57

X e 1 -
5., | @des . 028 | 419

* o
T — ; —7 CRUN 4 “‘}\‘,
40 . 448 1 0.34 378 ¢ )

sl - I " . : ) . ] . o . &
,a)‘;. “ ‘ : B ; .
Ty i I . i :

¥
ﬁ;adapted from Stephen and Stephen lﬁ%

VO o o | y ‘.;
Edapted f(om Rﬁﬁnson and Cooper 1970 B S
7 £ B TR S
3 calculated smg Eq‘*33 W e i
» v 8 5 &D\ L 5";'

* R _ - &K U s .
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fr‘s,f’ ,; puré’ water (V) and 1n 0 1 M phos\phate buffer "‘( ) at pH 7.4
. 4 : - i

(adapted from Ro)nnson and Cooper, 1~970)_, R G " o
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The oxygen SOlUblllty m the solutxon -was also aifectbd by' : oo
glucose con'tentx and phosphate' buffer. *l‘he mpeaae'@t thor;: .

sol‘ub1l1ty caused by gl bufzfer has been""'

- rgported by Robinson and Cooper ,,(,1970) and’ their data were

.‘,76)‘- o : = .’

’

»

 #glucose-phos

used 1n the present calculatmhs as Dbuffer 'I‘he effect of*
glUCose on the so*lub1l1ty, howev,le;,‘co(ld not be\-"e‘asw;‘ly

obtalned from prev\lous work.

.calc ulate

. g STO X ,‘e k' R S,

) L " o .
All uarlables in % equation a're the same as n Eq. 3.3. .
‘ .

The cohst-an @at 37° C was tepor.ted,to be 0.0156 by’ sl

¥

zander (1976). As K values Awete "no't availab'le for' oth’ér

temperatures,- tWis k value vas used 1n c?lculatlng the
? .
oxygen solub111ty at other "‘eratures in ‘the range of )
» : .
25 40 C. The calculated oxygen 'solub111ty at different. )

temperatures wa's compared -with the‘ re_ported data, " as

presented 1n,Tab1e 4.3,

7 ‘Lnt,- temperatures as ;- low 55 .~21‘.2'°C,, the o xygzen‘”l
solub111t1es calculated and ,geported we;e 1n good tagreement. ‘
Therefore,@,by usmg k=0. 0156, the oxygen solublllty betwecpw s

&

21 2 and 37 c uld ge calculated qu1te accuratel’,

As the‘ saflt effect of solutes 1n a solution contnbut‘
B

add1t1vely (2 nder, -1976) the overall oxyg%n solub111ty of T

Coragh b

» - -

hate water system could be calculéted usmg Eq.

P
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‘Table 4.3 7 xygen solUbilﬂW,wcalcplatedv from Setsch

enow ?
’-"’ég’ghfiom (k=0.0156) and reported data. |

of &
.

. - y
iw -

N v .
T ¥ Lias
v

Temp a G]UFO‘SG Cai'cuTated ) Rlépor.ted'. ;Erf“or-from“
(%) . {-Conc.(®) | St(uL/mL)| Sy (uL/ml) Reported (&)

o my/ | ta2s70 | 2850' |t 3

i 215 V2070 | 2192 1 o2202' - | o

ran .

70 . 10706, | 2082 20602 Tot

DU Aa it

-

T L e e e L 2
- > , - " . o . N ‘ K . . " .
1 adapte&frpm IUPAC, 1979 ! ST

) °

, 2 atiepted from Zander, 1976

e
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The oxygen xsolubility in diluted aqueouil ‘solution of
aC1dS and bases was repdrted by Guseva et al (1972)'tovbe
1ndependent of pH in the range of pH 2-12° at 20~ 40 C.
Therefore, the oxygen solub1l1ty calculated wﬂ:h Eq. 3.3

e
would also app,ly to solutions at various pH's. - ’

w

4.1,.2 Effect of gluco'se ~concentra -ion on enzyme reaction

. -.
3
ien i . . i

: velocity R . B s
o }?u -The ’reaction v'elocitqies of tw o commerc1al
p}'eparat.lons of glucose ox1dase at var1ous concentratlong:.;,'
*are presented in Table 4 4 and Flgure 4, 2.,’ o %‘:V
: " From the: data, several basic propert;es of nthe ' t;{o
" preparatmns qf glucose oxldase,‘such as act1v1ty,'m1n1mum
~glucose concentratlon for act1v1ty assay, and the Mlchae‘l’?s-- :
\"Menten constant could be obtalned .
4.1, 2.~1. Michael—is—Menten constant
. The M1chaells-Menten constant Km, is defllned as "the
:{‘.‘ 4'c.anentrat1"on of - ‘the’ spec1f1c substrate at which. a .g1ven
-

"e.rpzyme_ yiglds one-half its max1mum veloc1ty (Lehnmger,

for a spec1f1c substrate. L : co x

Several meth.ods are avallable for calculat1on of K

“The statlst1cal method' developed by Wllkmson (1961) was"

'reported to be more accurateo, than the w1dely used graphxc
methods‘,' such as t-he doublerreg.lprocal aneweaver plot. 'I‘he

Km"values -off, vthe. two preparati'ons calculated by

computer ass:15ted wllkmson method are shown in Table 4 5

’ ‘ : E
. - R -
sy . R

~

-

T’ 1982). It reflects the 'affmlty characwlstlcs of an enzyme '
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'Tqb1€/4;4ﬁ§nzyme reaction velocity (umole/min) at various

glucose concentrations.

. \
. Glucose i - Powder Enzyme . Li>qui’c‘1 Enzgrf;é,
1 ConedM) | CR(R)T | velocity | R(R)' | velocity
" 0.02 as . | 8086 49 | 0072
© 0,04 6.1 0089 | 70 10.103
0.06 - 73 0106 | B8O | oll6 ]
008 8.0 - 0.116 89 . | 0‘.139’_ ""
0.10 8.6 0124 9.8 0.141
. 020 97 0136 | 110, | oiss
‘. 0.30 106 (3.;44 s - ,oﬂlss
040 109 ( 1 o144 120 | oisem ”
050 e/ | oas | 125 | oo Y
/ 1 red;ction of oxygen partialpéZé;ng in lrﬁin; _. ' .
/ . év\erage of trip]iéétgé wnh std. d‘ev,._-:.fa,nging from 0.10% ’
B 00158 L | 3
o ‘ . ' . '

s
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)Ta.ble' 4.5 The Michaelis constants for Dboth - enzyme .
_ ) - ) _\ - \ - ) . Vs
preparations., A < . e
P \;:w Ny
s ’ Enzyme - Km
“Prepration ( M Glucose ) '
Powder Enzyme . 0027 .
’ . e '
P , Liquid Enzyme o 0.026

¥
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'Nakamura and -Ogura (1962). The“prorted Kq;vfajw ’

greater than 10 K. . -

‘concentratlon of 0.3 M (5 4%).

N ' » x ¥
These"tesults cqrroborated the K, value teporked ‘by

glucose oxidase from A. nlger vary from 0.0 ﬁ*M (leamdra
and Ogura, 1962) to 0.11 M (Gibson et a;,,; ’

the condli1on5 under which they were mea‘g}

the same. This difference might be attri to the assay

methods. Nakamura and Ogura (1962) usqungﬂpolarqgraphlc'
method, while Gibson et al. (1964) empl‘ the manometrlc‘

~~~~~~

method. ‘ ' ' ' ’ ,

. A

£.1.2.2 Minimum élucose concentration for activity éssay

At low substrate concentration, the init¥al velocity of

AN

an enzyme reaction is directly proportional to the substrate
concentration until the’ substrate concentration reaches- 10

Ky or higher (Guilbault, 1984) ., dTherefore; _the activ{ty

@

' S \ ) s
assay should be carried out at substrate concentrations

¥

E— .

v

~Figure 4.2 shows ‘that thefJgeactioh velocity of both

powder &nd liquid enzymes increased sharply from 0 to about

12-14 x 1072 umole/min as glucose concentration increaseq -

>

' from 0 to about 0.1 M, thegn slowly thereafter until -glucose

»
concentr&;lon ‘reached 0.25 M and hlgher, when the veloc1ty

became almost constanrt. Theref’ore, ~t:he act1v1ty assay for.

-

glucose;~ox1dase should _be carrleé out',W1th glucose -

\t\ .-

concentn%?xon ;eg “0 25, -M_ or h1gher."1q "the 'pteseﬁt

}f‘ Do ""

e e

/ expé%ﬁmeﬁts, the enzyme act1y1ty3was assayed w1th a glucose

-

s

ere aimost'

o
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. o ABSTRACT

V'rhe "reaction proporhtfu of. tw‘o~‘\o‘rc‘i"al preperetiohe
of glucose oxidase, Deeo 1500 in powder form and Fercézyme
CBB-750 in liquid form, were studied ysing a polarographié
method. The experimental activities of both preparationg
were much higher than declared. The Michaelis constant vas

0.27 M and 0,26 M glucose for powder and 1iqu1d enzymes,

'retpect1vely. Temperature had no appreciable effect on the

reaction rate in the.range studied (25 to 40°C). Bofm enzyme

prepargtionsqpaa a relatively broad effective range of pH,

- from 4 to 7, with optlmal pH s around 5.0 and 5. 5 for powder

and liquid enzymes, respectively. The 1liquid enzyme hed a
superior thermal stability to the powder enzyme.

The two glucose oxidase preparations were, applied to

 minimize the undesirable nonenzymatic browning in -potato

chips and French fries, Apparent improvement of }iqhtness

- and uniformity of color of potato chips was achieved, with

potatoes merginally suitable for chipping (glucose com;ent =

0. 3%), by dipping potato slices .in 0.05% .(w/v) powder enzyme

,»--

or 0.10% (v/v) liquid enzyme at <40°C for 30 min or 1onger.

In the French fry process, the steam blanch1ng (7 min under

atmgs\merxc pressure) followed by water leaching’ ($35°C for

~up to 15 mxn), of potato strlps retained more flavor in

French fr;es than the recommended hot water blanching (85°C
for 15 min). Dipping of steam—Blanched potato strips in 0.2%

(v/v) 11qu1d enzyme or 0, 1% (w/v) powder enzyme at <35°C for ‘

up to 15 min Jmpéoved, to a l1m1ted extent, the lxghtness



: ’ ﬂ
~and uni!ormity of tho color ot Fr{nch’triea when comparod to
the control (dipping in tap. vatdr) L. . |

“ The oil content of potato chips wvas increased by the
dipping treatment, either in tap‘ vater or in enzyme
_solution. Steam b{’ﬁching fol1dWed by dipping in water or °
enzyme solution pfoduced French fries of lower oil content.
than when hotJ:ater blanching waslhsed. @he q1ucose oxidase .
treatment imparted no off-flavor to potato chips or French

fries.

0
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1.QINTR606CTIQN' [ "f""‘“.

- The color éf some potaﬁb producis, such'asfpotato.cﬁips

o and Ergncﬁ fries, is of primary impofﬁanée in determfiing
the acceptance of thé products. The discblong&ign“cg these
pg;afp products could be caused both :enzYmétically” and
‘-‘nonenzymatically, Enzymatic browﬁing,’which~6ccurs in peeléd
or cut 'potafoég ‘when 'eXposed. to air, results jfroﬁ the

activity of‘polyphenol oxidase on some phenols to form dark

iy

" polymers (Lerner‘aﬁd Fifzpatriqk, 1950;'¥bndy et él,, 1960);
- Nonenzymatic browning, also kn6;ﬁ és the Maillard reaction,
is‘"a gropp o£ chgmical réac;ions involving theléminO'an&
; nA ;a:bOnyl functions present in _foodstuffé aﬁa “leading to
| browhiné and - flavor .production” 4A(ﬁéuroﬁ,j f1981). The
. discolbration in fried potato products ‘can be attributed
/2/// mainly to nohghiymatic browning. | |
- As ,reducingr sugars are the llimiting' reactants -in
nonenzymatic browning, potatbes of'aAppfopriate~ vériety,
maturity and‘post-harveét.hanéling with_low;reduciné sugar
conte'ts,‘ére therefore chosen for making fried proéﬁbts. In
-some chses, potatoes’lbf :@igh sugar coﬂtent from loﬁl
temp ratureastoyage qculé be reconqitiohed by holdapg the
'tubers at room temperature in order to prodﬁée accéptabie‘
pro.ucts.._In"nérﬁal‘-practice, -sodium biéulfite, alone or
wi‘h‘pHOSphoric_or citric acid, is gmployedvto treat potato.
s iceSVQr“st;ipé to~prevent.unde§iréble diScoloration,dufing
rying (smith, 1975b). 'Sulfiting _agenté, such. as sodium

/bisulfite, are capable of ~inhibiting bothi'en¢Ymatic' and

&

y o R ‘
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'ﬁoheﬁiyﬁatic brawﬁing.' |
Desplte the 1long hishory of wide vapplioaﬁions “of
sulfites in foods, the safety of su1f1t1ng agents in foods
has recently been questloned on the basis of the1r role in
the 1n1t;§t1on of asthmatic reactxons 1n certa1n sen51t1ve
.,~1ndxv1dual;f(Taylor et al., 1986). A ser1es of actions has
~ been taken by the U.S. Food and Drug Adminis;rafion (FDA) to
1limit the use‘of s‘lfites in foods. In 1986ﬁ;the'FbA lifted
the GRA&H(Generally Recognized'As Safe) status of sulfites
used. in fresh vegetables ‘and fruits (excepﬁ potatoesl
1ntended for consumpt1on in raw state, part1cularly 1n salad
bars. Another FDA - regulation came into effect in 1987,
'requesting the deClafation of snlfites' whén the residual’
_:_sulfite content, as total SO,, exceeds 1o‘ppﬁ. The firal
'action'onwtheaGRASjstatUS of;sulfifing agents;foriuse on
potato products has been. scheduled for‘June l987 (Semling,

987). - ) ‘
The safety problem of snlfites and the regulations

regardlng their use created a practical necessity for new

approaches to prevent undes1rable brown1ng 1n foods. Glucose

ox1dase enzyme could be an agent to replace su1f1tes. By h

ox1d121ng glucose, one of the reactants in: the Malllard
reaction,’ to. the unpeacfive gluconic acid, the enzyme is
ablefto.block nonenzymatic browning. The glucoseyoxidase/
-catalase system has‘been used sUcéessfully to prevénﬁ the
browning of dried egg powder (Baldwin et al., j§53; Scott,

1953) .
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Although it was stated Qi’ early fas 1953’Jthal ‘Che
-application of glucosé oxidase would "no doub£ be‘ﬁadd to
qther products such as dehydrated mashed potatoes" (Scott,
1953), the enzyme has never been reported ‘to have been
‘applied to such products. The recent limitation on the use
of sulfite in foods-has presented major problems to the®
proddction of some colot—éensitive‘poﬁéto prgducts,‘such as
po£$£9 q;?nulesk potago chips'and French fries. Therefore,
?iﬁ'is»logiCal that the effectiveﬁess_of glucose oxidase in v'i
preventing nonenzymétic browningi in these produc;é should
now be iyvestigated. inlfhis projectlﬂﬁhe fécus was on the
prevention or minimization of browniné in potato chips and
"French frieg with glﬁcose qxidase. A parallel‘study was also
pérformed on potato granuléé by other researchers i; this
1a§oratofy.
" The objeétives of the present research were:
1. to sfudy the chemical and_kinetic properties of the
éommercial glucose oiidasé,preparétions;'“
2. to establish . the optimum. conditions for-;glucoée
oxidase treatment 6f potatoegixjfﬂ‘\\\
'3, to determ}ne the éffect of glucosé oxidase’
treaément on the color and general acceptability of potato

chips and French fries.
F



| " 2. LITERATURE REVIEW

2.1 Potato Production, Consumption and Processing

 The white potato (Solanum tuberosum, L.) is one of the
few crops capable of nourishing a significant portion of the
world population. Despite the tremendous increase in
guantities and var1et1es of food ‘sources, the annual
per-capita consumpt1on of the potato in the United States
‘and Canada has rema;ned quite constant (Table 2.1). However,
the. consumption pattern of potatoes has  been changing. In
the United ‘States,-}fhe consumption of fresh potatoes
decreased from 1960 to 1980, while tﬂe. conéumption. of
processed potatoes almost tripled in the same perlod Potato‘
chips and French fries are~<the two major potato products,
accountihg for almoét two-thirds of the processed potatoes

(Figure 2.1).

2.2 Pofato Chips

The proddction of potato chips in the United States has
increased slowly but constantly (Figure 2.1). Potato chips
(crisps)~af; fhe,most important processed potato érodudts in
the United Kingdom (Smith and Davis, 1977). Because -of-
convenience in serving and v§fie§y‘ in flavoring,\ potato

»chipé are expected'to remain popular.
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.-

U.S.A. and in Canhada.

e
V.

L

U.s Al Canada? B

Vear Consumption Vear Consumption
(kg) (kg)
1945 55.39 " 1978 7254
] 1950 48.12 1979 78.77
1955 ' 49.49 1980 70.87
1960 ) 49.03 1981 64.79
1965 49.03 1982 66.66
1970 53.57 1983 72.08
1875 54.93 1984 60.69
1980 |, 5357 1985 ;67.68

1: USD.A, Agricultyral Statistcs, 1972; 1985

2. Statistics Canada, 1979-1985

u,

]

Table 2.1 Apnual per-capita consumption of potatoes in
A N, Ay
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dehydrated potatoes, other frozen pr ducts,“cqpned potatoes
and potatoes for &tarch and flour)._/‘> |
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2.2.1 Processing procedures ’ Y
The most commonly practfsed procesaing"pré;adur or

potato chips vwere descrxbed by Smith (1975b). Aféer washing
and peeling, potato tubers are slxced to a thxckness of 1/15
to 1/30 An (1.70 to 0. 85 mm). The slices are then w;shed in

ﬂpld watef to .remove surface starch to prevent adhe51on of

Al

the slices gurlng frying. Treatment to 1mprove the color of

potato chips can be carried out at this stage, The slices
are then pantiallj dried and fried in_ oils at 350-375°F
(177-191°C) wuntil bubbling stops The chips are now ready

for salting and flavor1ng,»1nspect1on and packaging,’ A flow

chart for potato chip processing is presented in Figure 2.2.

2.2.2 Quality of potato chips '
The quality of potato chips can be evaluated from their

physical 'appearance and their flavor. The most important

factor in determining the quality of potato chips jé the’

color of the product. The desired product has a . uniform,

light-yellow color.

2.§ French Fries '

French fries, in a partialiy—friedbﬁfrozen form, have
become the most popular processed potafo broducts in North
America. In the United States, the broduction of French
fries in 1981 was almost six times that of 1960 (USDA
1966- 1985) About half of the pr?cessed potatoes sxnce 1972
was in the form of frozen French fries.

"

/

&
*u



- w—

potato tubers
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| ~ cleaning & washing
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| : frying
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salting & flavoring
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inspection
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packaging

\ T

\v Figure 2.2 The procgésing procedures of potato chips.
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2.3.1 Processing procedures of French fries

French fried can be produced either by finish frying
potato strig§ or by'partial fryingfthe strips for a short
time before freezing, producind the so-called par-fried
frozen French fries. The general processing procedures for
frozen French fries ‘are presented in Figure 2.3. After
washing and peeling, the potato tubers are sliced to
generate strips, usually 1/4 or 3/8 in’ in cross section.
The strips are washed in cold water to remove 8Surface
starch. Blanching, using various methods, is then performed,
followed by treatment, if any, to improve the quality of the'
final product. The strips are then partially dried and
partially fried in olls at about 180°C for a short period of
time, usually 30-90 sec. The partially fried potato strips
are quickly frozen at -30°C and kept frozen until ser%ing
(Weaver et gl.,' 1975). The frozen French fries can be
prepared for serving by finish ‘frying "in hot oil, by
conventional oven heqtingn by microwave heating (Weaver et
al., 1975; Bushway et al., 1984), or by infrared heating
(Mohr et al., 1966). In some restaurants, the potato strips;
blSnthed or unblanched, are fried until they are readx\for‘
serving (Martino, 1969). '

Novel methods of producing extruded French fries from
freshly cooked and mashed potatoes (Weaver et al., 1974) ar
‘from dehydrated potato granules (Jadhav et al., 1976) have

_also been described.
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: 2 3.2 Blanch1ng methods for French frxes d

\ Potato strlps are usua]ly blanched before fryxng. Thefi?:f

pntages of blanch1ng»are: Q1) reductlon of fat adsorpt1on
kthrough gelatlnlﬁatlon of the surface layer of starch- (2)
- N shortened frylng /tlme since potato strxps are part1ally

-

cooked by blanchlng, (3)'1nact1vat1on of certaln engymes sou
that undesirable flavorvand COlorvare auoided durinngtoragel
and subsequent'handling; (4) 1mprovement of the texture,and .
flavor of the final product' and (5 )‘removal of certaln_
solutes,, in 'water blanchlng, to 'preVentA excess ,brownzng?,"
j (Weaver et al., 1975 Brown and: Morales, 1970) . | |
Several blandhlng methods are practised by the RrenCh
fry.industry; 1nc1ud1ng hot water, hot air, -steam and o1l
blanching. The ‘mest commonly practlsed method is hot water'
"blanchingr The temperature and t1me may vary from 66 88 C
and 3-15 min, respectively (Vah151ng, 1965 Van Patten and
Freck, 1573)}' wlth the optimum' conditions"recommended at:
80°C andA15~min‘(Brown and Morales, 1970). Two or evegémore :“
.blanchers. are commonly 'operated' in ser}es for ‘greater
flexibility and more effective bcontrol: of 'color_'ofv the p'
" products, (Weaver er al., >1975) The’flrstnhlanchér can~be{f;v
.~used for hot water leachlng, whlle the second may contaln a
dilute glucose solut1on to produce the des1red golden brownf"h
color durgng fry1ng. In some process1ng plants, more stages‘.:
are used The str1ps’are blanched at ‘g2°C (180° F) for 8 m1n,j»ﬁt
cooled in,water at 45 50 C ?or ¥ m1n, blanched at the samerhi

temperature forj‘8 »m1n,- and dlpped in a d?lute glucose

~
-

- ~



solut1on at 180 F for a short tlme (=10 sec) before fry1mg‘ ‘
(Iwabuch1,l1986).Nﬂ@wever, the hot water blanchxng processfﬁ
can also result in bhé loss of des1rab}e flavor const1tuents
from potato str1ps,band ser1ous 1mpa1rment of . texture and
ffflavor 1s often encoUntered@ ﬁxx addltlon, the method has
’:been reported to not_ always be leffect1ve in ,avo1d1ng“
darkenlng (Weaver and Nongka,.1976). . ) | |
A technlque, referred to .as’ dry blanch1ng, 1s also‘

employed by the 1ndustry. It uses hot a1r to heat the potato vv

strlps to achleve blanch1ng effect, and the product ﬂis‘:

.reported to be jmore crlsp and r1gld (Weaver e 2al., 1975).
~ASteam blanch1ng 'is preferred in some proce551ng
'_procedurES (Strong,_1968? Wllder, 1972);“Potato str;ps arei'
| h'blanched at - atmospherlc pressure for 2-10 m1n, preferablyg
Aabout 7 m1n. ThlS process, with no solutes removed from the
‘zlpotato strlps, avoids the p0551b1e loss of flavor componentsr
_;_ggcountered in hot water blanchlng..v"~ | '

‘,—5' 'Recently, a new process u51ng hot o1l to blanch starchy

- vegetables, such ‘as potatoes, Kas ‘been reported (Fan and A

Sz

.Arce, 1985)‘ The potato cuts vare ~d1pped 1n a hot edlblel i

-vegetable 011 at 50 60°C for a short time: before fry1ng The- -

_ cla1med advantages 1nclude less oil absorptlon, less potato,

“sollds loss,'and 1mproved flavor and texture when compared'“M

with that of water blanched products.



442 3 3 Quality of French frxesf
'vThe qua11ty of froa:n French frles can be evaluated’

according to the follow;ng scheme-(Weaver et al.,,1375),

%

. . ~ Maximum

. Factors ‘.‘, . ‘ . Score.
“Color | ' - . . 30
- Uniformity of 51ze and symmetry . : ' 20
Defects o S ‘ o ) 20
.+ Texture ‘ - D _ 30

2

Among "the 1isted*factors,,the color_of;the FrenchTfries is
the most sensitive and’ important parameter. The desired

“gold- broWn colored French»fries can be made from potatoes of.

L N
\

g proper var1ety, maturlty and post harvest ‘handling. However,,
the d1scolorat10n of French frles 15“the most troublesomew

problem that -often confronts processors-
o - L i c .

2.4 Browning‘Problems in éotafo Producrsi

l2 4’1 Types and occurrence of brown1ng

| vahere are’ three dxstlnct types of dlscoloratlon thaf
‘ are assoc1ated w1th the brown1ng of potato products (Smlth
. and Davis, 1977) (1) enzymat1c dlscoloratlon'r(zl after-

'cooklng darken1ng, and (3) nonenzymat1c brownlng, also’ known'
,fas the Malllard reactlon. The _enzymatic brown1ng which -
voccurs 1n peeled or cut potatoes when' exposed to air results’

'from the act1v1ty of polyphenol ‘oxidase on some phenols to'

form dark polymers (Lerner and F1tzpatr1ck 1950; Mondy eth

b
u
.



14

,a].,_1960) The cause of after-cooklng darken1ng of cooked
potatoes is generally believed to be the react1on of certa1n.

orthozdiphenols, such-as chlorogenlc acld, with the fgrrous

B'Of .potato tubers, forming a‘colorless complex, which is

dlked to yield a deeply colored ferrlc compound (Hughes
et -.al., 1962; Hughes and Swa1n, 1962). More recently,
Nascorblc acid-Fed* complex was suggested as another cause of
after- cooklng darken1ng of potatoes (Muneta and Kaisaki,
'~1985). However, the aboye two types of hrowning are not
important. in . potato‘ 'chlps and French fries.'N Thev
discoloration of potato chips and French fries is attributed

mainly to the nonenzymatic browning reaction.

o 2.4.2 Nonenzymatxc brownxng

i Nonenzymat1c brownlng, ‘also vknown .as the Maillard
reactlon, is "a group of chemlcaf‘react1onsvinvolvinq the -
amino ’and carbonyl functions present. in foodstuffs and
leadlng to browning and flavor productlon" (Mauron, 1981)
-The first coherent scheme of the Ma1llard reaction was put
‘forward' by Hodge (1953) in a comprehens1ve rev1ew. The
Maillard reactlon has alSoqieen the subject of several other,
reviews (ReYnolds, l963 1965; Mauron,‘]981;'Kawamura, ]983;‘
‘Danehy, 1986). | e | ‘M

The compllcated Malllard reactlon can be d1v1ded into
‘three stages:-early, advanced and final reactions (Hodge,e
1953; Mauron, *1981)._ Ther early stage 1nvolves a srmple :

. s ‘ ) e :
condensation process between the carbonyl group of reducing



' sugars and the free amlno grouph of the amino acids or ‘

vproteins foL{owed by the Amador1 rearrangement, a step.
which 1somer1zes ‘an aldose der1uat1ve to a keto derxvat1ve.
The advanced ‘Maillard rgactlon, starting from the Amador i
compounds, generates flavor components which are respons1b1e
for the roasted, bready and nutty flavor of heated'foods.‘.
The final Maillard.reaction produces the brown melanoidin
pigments formed by polymerxzatlon of many hlghly reactive
compounds generated during the advanced - stage, More
recently{ Namiki and Hayashi (1983) reported%a.neﬁ‘pathway
whichwinvolves the_cleavagelofasugar molecuies to generate
h1ghly act1ve “two~carbon‘f£ragments prior" to. the Amadori’

rearrangement. S : R

AN

Among the’ parameters‘ that affect the rate-}bf. the
Maillard reaction, temperature“and water conte are by far
the‘mQSt important. The Q,, value of the browning reaction
in dehydrated.vegetables was reported"to be 5-8:4 (Legault:
et al., 1947), wﬁiéh was exceptionall§ high. The bromning'
rate is neaf zero_in"the anhydrous state. It reaches a
maximum at \about'>30%' waterb content, and Lthen decreases

gradually as the moisture increases. The reaction,Stops at

about 90% water content (Wolfrom and Rooney, 1953).

R

——

2. 4. 3 Brown:ng of potato ch1ps and French fries
The brownzng of potato ch1ps and French files had been
assoc1ated w1th sugar content of potato tubers no later than

1930. Sweetman (1930) reported the correlatxon between the'



brown color of potato ch1ps and the h1gh sugar content of

3.

tubers. He concluded that the format1on of brown color was

N due to the . caramelizat1on\of sugar&\a@;hﬁgh temperature.

Later, Thornton (1940) pointed out.that,eneidark brown co;or\
"of potato chips ‘was caused by high‘%ggucrng sugar, not by
sucrose or total sugar -content ‘of potato tubers. Several
‘years”later, however, the browning ofﬁchips‘and other potate
pﬂoducts was-agtributed, at'least in bart, to the Maillard
reaction hetweén reducing sugars and amino acids (Legault et
alr,'i947)}‘Fitzpatrick and coworkers,(Fitzpatrickfet al.,
1965; F1tzpatr1ck ~and - Porter, 1966) 'were' able ‘to
substantlate the above theory by tracing the changes in
'reduc1ng sugars and amino: ac1ds during chip frylng. .The/ \
'rat1o of the consumptlon of free am1no acid n1trogen to
reduc1ng sugars was_9:1 in low reduc1ng‘sugar and 1:1.35 in
high reducing sugar Vpotatci chips. The‘ browning of French.
fries was also believed gto.-be caused by the 'Maillard
reactibn’between reducirfg sugars and amino acids.

RS \ . S

2.4.4 Potato compos1tlon and browning ° ~

Although the dlscoloratlon of potato ch1ps and French

fries can be ma1nly attributed to the Ma1llard reactlon,,the
.relationshipsﬂ between the ,color ,ot'.the products and the
chemica17comp0nents,'5uchlas sucrose; glucose anddfructose,"
amino ac1ds And dry matter, are very compllcated Wunsch and

' Schaller (1972) reported that the discoloration was

.essent1a11y dependent on four

roups of components: total

~ > 1
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-amifo. acids, glucose, fructose, and tyéosioo and p:o;ine.

‘ Yada et al. (1985) fouﬁd that aporoxihateiy 60% oof‘?ﬁhe

vafigbility seen in chlp color could be accounted for by

examining the fructose, glucose iid sucrose content of

potato tubers.

Habib and Brown (1956, 1957) obtained the correlation
‘coeff1c1ents for both reduc1ng sugars and amino acids with
'potato chip color. Both goeff1c1ents were significant at the
’1% level.. They also showed that there was a p051t1ve
“correlation between nonredoéing sugar (suorose) cohtent and
thé_lightnesé of potato chip color. However, Shollenberger

et a]. (1959) demonstréted that chip color was a function'of

- "’\'

‘both reducing sugar and sucrose contents of tubers. They

: postulated that sucrose must f1rst be hydrolyzed, during
‘frylng, to part1c1pate in the nonenzymatlc d1scolorat10n of
‘chips. ! ‘

Although | both: reducing sugars and Emino,v'acids

e

- participate in the Maillard reaction, amino acids and other

, nonpro%ei;[nitrogehous compounds do not correlate well with

chip -.col®r (Miller, 1972). ‘The. limiting factor of the

browning ‘reaction  was proposed fo be the reducing sugafb

content (Marquez. and Anon, ﬂ986).A Miller (1972) repoftod
that glucose was thé mojor dgzytmiﬁggy of chip color, whiiq
-fruotosé appeared to be uhimportont in browﬁiﬁg; Sucrose had
a minOt; but significantfrole in color development, orgpaoly
as a fesuit\noft.hydrolysis"during' frying. Miller et .al.

(1975) were able to substantiate those-results.

(]
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2. 4 S Factors affoctxng tho colot ot tho ptoducts |
 The color of potato ch1ps§adné French fries is
'determined by the chemical comﬁosit1on of - potato tubers
which, in turn, is affected *by many factors during potato
cultivation and post harvest haﬁ%lxng.

The cultlvatxon cond1t1ons related- to the color of
potato chips and French fries include varxety and maturlty
of potatoes, 1rrlgat10n and soil moxsture, and app11cat10n

- of fert1l1zers ‘and 509e other chem1cals. Some well known
varletles that usually produce chlps of good to excellent’
Acolor are Monona,sKennebec,,Norch1p, ‘Russet Rural, »Superior
and  Katahdin (Smith, 1975b). Several new good chipping
varieties re;easea in recénp*yogrs are Rosa (Plalsted et
al., 1981), Simcoe\ (Johnson ‘apd- Rowberry, 1982),v Yankte
| Chipper (Reeves et al., 1984a)'and«151ander kReeves et al.,
1984b). Varieties ﬁhichvptoduce light—colored potato'ohips
wero*found to contain thé est:am0unt'of féducinﬁ sugars
(Shéllenbe;ger; 3955). | <?6w | ‘

Maturity of potato tubers when harvested is another
well?known facfor/affecting the Eolor of potato products.
The more mature the potatoes,v the " easier they can be
- handled, stored and reconditioned to- produce l1ght co1or°d
ohipsg (Smith, 1975b). Shallenberger (1955) found the e
mogo'mature tubers produced l1ght-dolored‘chi§oﬁnot or o
the daym of hofvest,'—but also after soorago ;f d.: terent

temperatugzgt\\ggg reduci::#kiggatkj:ontént was found,

general, to'be_highq; in § ture tubers thqg in more mature



ones.. | ) ) _

Several other cultural condxtions durxng the grow1ng
seagon may also affect the color of potato products. Kushman
et al. 4(1&59) reported that the darker color of chips made
from potatoes grown under h1gh soil mo!eture content was\
always - apparent after storage at 60°F (15 6° C), “and
sometimes also,appeared immediately after harvest. A heavy
application of nitrogen during g{owing was oﬁten regarded 3s
a factor that makes stored potatoes more likely to produce
dark ‘chips (Smith, '1975a). However, ‘Konkel and Holstad
(1972), after an e#tensive 11-year study, reported that
potato chip eolor was almost unaffected by nutritional
balance or total amount of fertilizers used. Whenever the
soil temperature at a.depth of 4 inches goes,below 4.4°C
(40??) for several days or nights, the potatoes subseduently

harvested will produce dark chips (Smith, 1959b).
’ The effedt of transit and storage conditions of tubers
on the colorvof\potato chips can not be-overemphasized. The
accumulation of sugars during low temperature storage of
potatOes was‘reported as‘long ago‘as 1882 (smith, 1975a).
.Early work by Sweetman (1930) showed that chips made from

.tubers stored at. 32- 37° F (0-2.8°C) were - darWer than those

‘made from tubers stored at 40- 55 F (4.4-12,8°C). Habib and

Brown [{1957) found that glucose content of potatoes was
-almost doubled after storage at 40°F (4.4 C) for 4 weeks,
while the fructose and"socrose' contents did not change

signifitantly.'Ewing et al. (1981).reported that glueose an65
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fructose content showed a similar increase in 'pétatoeq
‘exposed to 1°C for 4 ngs or ldnger, except that the glucose
level was almost alway§ much higher, roughly twice that of
fructose; . .

The sugaré accumulated during low temperafure storage
of pogsfées disappear ,when the tubérs are held at
t;mperatures of 18°C'or.higﬁer‘forj1—3 weeks (Weaver et al.,
1975). Tﬁi; process, referred to as gonditioning or
reconditiéning, has been practised extensively in the potato
Aprocessing industry . to p:oduce properly colored chips and
French fries from potatogs stored at low temperature.’

However, not all potatoes respond to cold storag® and

warm reconditioning to the same extent. Potato varieties

“that accumulate less sugars in cold storage and respond more o
readily in warm conditioning should be selected “for

processing_of potato chips and French fries. Also, more

mature potatoes accumulate -less sugars during storage and

respond to reconditioning more readily (Shallenberger, 1955;

e

Burton, 1965). 5

The change of potato sugar content has been associated’

with the “activities: of certaig enzymes, such as invertase,

phosphqheiose isomerase and aldolase. The accumulation of

reducing sugars was found to poccur with concomitant
_for@étion og the enzyme invertase (Pressey and Shaw, 1966).
During ghe.initial periga of cold treatment, when'reduc%%g
sugars ;increagéd rapidﬁy, invertasé formation proceeded

“'until the level of énzyme exceeded: that of a proteinaceous



invértase inhibitor, resuiting in_a basal ﬁ}pveriase
";ctivity. On transfer of cold stégpd potétoes to warmer
temperétdres, sugar content and in;ertase level "decreased
sharply, and a large excess of inhibitor'éeveloped. 4
Pressey (1969) pointed out that invertase participated
in reducing suéar fofmation, but other factors , were
résponsible for the regulation of starch-sugar conversion in
potatoes during stQ;agé. A possible sequence of events in
cold stored potatoes was proposed by Tishel and Mazelis
(1966). The low temﬁeraturg appeared to induce in the tubers
(1)\ a temporary decrease in aldolase activity, (2) an
‘increase in sucrose, (3) increa;ed invettase“éctivity,.(4)
apcumulation}of reducing sugars, and (5) a lowering of the

. . . .‘/ 4
activity of phosphohexose 1sometase.

>

> -

2.5 Various ﬁefhods of Improving the Color of Potato Chips
| and French Fries '

,I't may ofteh be almos£ impossible to make pbtato chips
and;FrenCh fries of acceptablé color without some ;reatmeﬁts

of raw potatoes or potato cuts. The following are SOme of

the treatments that have been-used or tried.

7

2.5.14Rec§nditioning of potatoeg stored at low temperature
| A common practice to improveé the cblor of potato chips
and ?rench fries from 19w-€§pperature:5tored potatoes. is ;he
'recOnditioning process. Potatoes‘"ére removed from low

temperature storage and held at ‘room temperature (18°C or -
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higher) for 1-3 ggeks before prdcessing. However, as stated

previously, some varioties do not respond readily to

cond1txoning and, even in potato varieties that normally

respond well to recond1t1on1ng, disorders such as 'sugar end
=4

‘can sometimes occur® (Weaver et al., 1975). In add1t1on,

" reconditioning is-expen51ve as it 1nvolves extra hand11ng

\

costs, ties up large quantities of potatoes, and requires

S

latge storage space and facilities for the treatment (Weaver
and anaké, 1976). Nonetheless, the technique is WEdely used

in industry.

- 2.5. 2 Leaching technxques ,\

Various leachlng tiﬁhn1ques have been tested to prevent
the discolaration 1n gotato chips and French fr1es by
removing the solutes from the potato cuts.

Light;coloredf potato chips could be made ‘from -cold
stored ;poéatoest without /reconditioning, bf dipping the
slices in hot water at 153-163°F (67.2-72.8°C) for 6-7
minutes before fryiog (Townsley, 1952). Dexter and Salunkhe

C

(1952a) reported that immersion in water at 70°C for 1.5

minutes, followed by soak1ng in cold water for 15 minutéé,

\’ /
&

producdd chips of excellent color.

Hot water blanching is a.powerful leaohing process for
French fry produotion. The leaching of réactaﬁts by hot .
water blanching is so extensive that glucose gas\to be édded
baok to'producu';ha pfoper lightogolden color typical of
French Etfri%s. However,: th.e drastic water treatments often

>

AN
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‘remové all flavor, in addition to their undesired effects of
extracting nutfienté and giving rise to waste water disposal
probleﬁs (Weaver et al., 1974).

Some surface treatments ofipotato cuts to accelerate
the leaching process have been reported. Weaver and Hautala
(1972) patented a procegs for making French fries, wherein
potato strips were dipped in abiiquid refrigerant,vsuch as
liquid nitrogen or dichlorodifluoromethane, for a short
period (abdﬁt 7 seconds), followed by leaching in hot water
at 50-60°C forqﬁ—s minutes. Another process, patented by
Weaver and Nénaka (1976), described the production of fried
potato products of improved texture, flavor and color from
raw stock ‘that exhibits excessive brqwning tendencies.
Typically, potato cuts were prefried in edible oil for a

N, '
short périod, then leached with water. The treatment was

reported to be applicable to both French fries and potato

]

" chips.

2.5.3 Microwave héating and other processing-methods

The Maillard réaction is usually accelerated at a'later
stage in frying of potato products, when moisture content is
relatively low and the temperature of potato cuts increases,
as less. Qatér is evaporated (Sijbring and Vvan de Veldg,
1969).- To avoid excessive discoloration of chips'bfroﬁ
.potatoes with high reducing sugar content, the slices can be
partially fried and then sbbjeétéd ”to other methods of

‘deing, such as hot air drying at 250°F (121,1°C) (Smith,
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sk iwE = o Rl sl hiot%?ﬁ iiﬁith; 1878b), vacuum frying
he R L mg el Yar 36 v;Na WEM; and microvave heating
b i 3RS, Piegpmitich and Porter, '968). The preparation
«t #ignis $1.80 svitable for micravave heating has also been

- B i 4 gl “4*'»:«0‘»”1 &t al | 1984,
A3

L4 S
Q ’

-

S 1 v chemicel treetmssts of potatoss and potato cuts

Eds v oud mqmunwi sciulions, such »s ether, alcohol, salt

®wuk srid  esie tssied by Dester and Salunkhe (1952b) to

Fao Mt v remens. tedur ing  sugats  f{rom potato Qlices.
PERLERY CEE Q.%Wﬂﬁﬁutp&mftfluf rydrochloric acid at\pH 1.9 ﬁo>\'

e -oree  Tollseed by wathing in water tor 3,5 minutes,
presda 8 kipa ¥ secwlient cnlor, Faitan (1948) paﬁented a, *

gre-b#d of dipg.-g &,.7ee for various lengths of time in hot

| *gwux}a e- ..t .oa -f alealine earth salts (CaCl,, MgCl,,

4. am 8. tsnate ! . rcentrations from 0,005-0.1 M before

e v t.omen ef a2l (t9%Y: reported tuat retardation of
. " >
raorsceymat . kioering  in dehydrated white potatoes by .

\ T
I

-4y 5 9 tr calciam cFiotride,
* [

% . .

2.2, a8 bie..fT.'e aniution has been used to treat potato
H

. cse Tiom ot high reducing’ sugafs (Sé}th,

1 %% Bitig. v
gty the e..ces for ' minute either in 0.25% sodium
Ao t.oce et BT 2ILYP I82.2-93,3°C), or in a solution of
eod . am citzate. sodiue bisulfite and phosphoric acid held at .
- vioerte cre ot 82.3%CY. . Rander (1952) claimedb that _'%‘

w.foimiy ccioted snd flavored chips could be produced year

&

L]



At

- | R

vround, regardless of ‘the variety used or‘the.reducihgﬂsuganwfffﬂ

content, if slices were immersed in an SQ;;batﬁ‘and’thensﬁ,
wéshed‘with water to remove the residual §0, and redncing

£y

sugars.
. ‘ 'Y - - ' e ] . .
- Whole potato tubers were also treated with SO, gas

(Smith, 1959%a). The treated potatdes,resulfea inuchﬁps of

lighter color for’tubers stored as long aS'three months at

3
S

4.4°C~(40°F) than untreated thbersif'

4 . V\
te o S .

2.6 Sulfites in Foodsvy €§és.and‘5afety Problems L
‘ a8 “ . " AN . : : P

2.6.1 ApplicqtionS‘of sulfites in foods - ' h= ;Sﬁf _

SQlfitiné agenfs, in various. forms,ﬁ aldhe‘ or with
phosphoric acid;-éodiuh qitrate of citric acid, have.been ‘
employed in industry to treat po;atoés_énd/potatqkEuts.£0 
prevént’ nonenzymatic dLscSlofatiQn f&qting f:ying,:(émith,

1975b). As.a group of versatile food additives, sulfiting
] . . : L@ R

~ agents have “found wide applications in various foods. for.
' S o . v - C . L R
different . technical purposes, . such as '1nh1b1t10n of
nonenzymatic and enzymatic browning, inhibition and control

of microorganisms, and as.reducing agents and antioxidants.
S . i . . o :

fhey have beénwyidely u5ed’po pfgvent enzymatic browning:ihk‘

peeled or Zsl{ced_ veg§}ab1es~ and ffhits 'such ésfqprepge;ed.

potatoes, \sliéed é@tazoes;~ cut Apples “and¥ guf .ieftUCel

(Téylor»ét'al., 1986) . The mechanism of sﬁifite,actiéﬁfis
_ p | - . ST

not clear, but sulfites -appear to both inadtiVate cﬁzyme.

phenolase and interrupt the subsequent reactions leading tp'

, -
—
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"ascorb1c ac1d dur1ng process1ng and storage of products such

A

iﬂlcolored products (Ha1sman, 1974) ‘The sulfites play cmucial

roles 1n ‘the 1nh1b1t1on ‘and control of macroorgan1sms in

several food processes, such as in preservrng softgfrults,‘”

1n ]am mak1ng,-1n sausage productlon,;and in wine making

(Roberts' and McWeeny, 1972) an’ antioxidant, :Sulfur

d1ox1de has been shown to be effectlve 1n preventlng loss*of

1 as dehydrated cabbage, fru1t cord1als ar\d grane 3u1c. It

has also been shown to be a reasonably effectlve antloxldant

for protect1on of 11p1ds in lipid- prote1n water emulslon, of

‘"essentlal 01ls and- caroten01ds in c1trus Ju1ces (Roberts and j

McWeeny" 1972) Sulfltes are also w1de1y used as dough. '

condltloners in the baklng industry for blSCUltS, crackers,

cookles and frozen pizza doughs, where they act as reduc1ngpp
agents (Taylor et al 1986) ) |

| Sulfltes_flnd w1de use -as 1nh1b1tors of nonenzymat1cb
brownlng.»They have been used gor thls purpose to control

dlscoloratron of dehydrated potatoes, vegetables and frU1ts,~

I3

' whlte grape Ju1ce and other fru1t Julces and dr1nks (Taylor

et . al., 1986). Detalled mechan;sms by whlch ‘the sulfltesp

exert the1r anti- b;ow' g act1on in foods are st;ll largelyr.hr

A\

,unknown. It was proposed by - McWeeny et al | (1974) Jthat

vsulfites exh1b1ted thelr« antl»brownlng .actlon by”itheir‘;

\
ablllty to react w1th var1ous carbonyl 1ntermed1ates formed
*

dur1ng ‘the nonen-"mat1c brownlng reactlon.’ The theory 1sf

1llustrated 1n Flgure 2 4.
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'Figufé 2.4 Reac@ibns'of sulfites with carbony]l intermédiates
(‘adapted ‘from;M'cwee\ny et al ., ,»19?4) A
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2.6.2 Safety problems of sulfxtes 1n foods'
Recently, the safety of sulf1tes 1n foods has . been
qoestioned besed ‘mainly on their alleged role in the
_initiaﬁion of asthmatic reaetioh “in certain sensitive -
individuals gTéylor et af;, 1986)}‘The first reports about
sulf1te 1nduced asthma were by Kochen (1976) and Freedmao
- (1977) ‘The 51multaneous reports from Allen and Collett
(1981) end Stevenson‘and Simon (1981) initiated a great deal
vof‘reeeerch tﬁereafﬁer. Various'types of edverse reactions
have been observed, such es'anap;ylactic sﬁock, hypotension;
Headaches,' ‘abdominal pain, _nausea, dizziness, hives,
urticaria ano pfuritis;.eczema, angioedema, laryngel edema,
tachycardia, c;emmy’skinﬁ and dyepnea (Sulliven_and Smith,
'1985; Tayloe et'al.,‘1986). However, the most threatehing"
effecf of sulfites in foods;.is tpmilk ability to induce
~ asthma vin cebrtain. asthmatics. The f!ma reaction in. some
sulfite- sen51t1ve individwsis can. be suff1c1ent1y severe to
be life- threatenlng Accordln%,to Sull1van and Smith (1985),'
of more than 300 reports of adverse reactlons to” sulfltes
that the FDA  (Food and Drug Adm1n1strat10n, U.S.A.) .
Eifeceiveﬁ 6 invoived deaths. The Amer1can Academy of Allergy .
and Immunology estlmated tha% up to 17 fatalltles “have been
attr1buted to sulflte ingestion in susceptlble asthmatlcs_
(Bush, 1986)
;'Adverse ‘reeotions to sulfites are extremely rere in
no:mai individuais (Bush, 1986). Even among asthmatics, only

a small fraction (4.6-8%) is sensitive to the ihgestion:of
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sulfites (Taylor and Bush, -1986). However, ' the safety

problem of sulfites has received much attention from

organizations such as the FDA.’ '

Since 1959, the FDA has listed the following six

sulfiting agents as GRAS (Generally ‘Reco'gn.iz‘ed As ‘Safe):

sulfur dioxide, sodium sulfite, sodium and potassium

bisulfite, and sodium and potassium metabisulfite (Sullivan

—_

and Smith,'1985);~0n August 14, 1985, the FDA prdposed a

regulation to rescind*the GRAS status for sulfites used on
fruxts and vegetables (except potatoes) ‘which were intended
for consumpt1on in the raw state, part1cularly _1n salad

‘ bars. This proposal'became‘effective on August 8,~1986 (FDA,

1986). fhe final action on the GRAS status of sulfiting

agents for use in potato products has been scheduled for
June, 1987 (Seml1ng, 1987) h
A labe111ng regulatipn was also proposed by the FDA on

April 3, 1985, requ1r1ng the declaratlon of su1f1tes on the

label when the res1dual sulfite content, "as é%tal SOz,

exceeds 10 ppm (FDA, 1985). The ginal action of the FDA
(1986) requested that this labelling rule become effective
on January 9 1987 ‘ »,«”ﬁ/z - b |

A troublesome polnt in carrylng out the' labelllng rule

might be the Aunsu1tab111ty of; the. present, analyt1ca1

methodology for sulfltes. The AOAC method i.e. the’ Monier-

Williams method, was reported not only to be .very 'time .

consuming - but also inaccurate at a sulfite level below 60»

ppm (Sullivan and Smith, 1985; Moylan et al., 1986). Upon

.....
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"recogniaing th1s unsu1tab111ty} the FDA has made some

,.

[’???1nements to the Monxer—wllllams method which include
us1ng a more d11ute t1trant and a m1nor mod1f1catxon to the
- apparatus. The modifled method was reported to give suitable.
. accuracy and reproducibility at| the 10 ppm level ,L.(FDA,
1986). A recently developed ion cheqQmatographic (IC) method
for sulfitepdet;rmination was reporteé to be both;rapid_and

‘accurate at. a sulfite level below 10 ppm (Sullivan and

Smith, 1985; Moylan et al., 1986). -

- .-

The., regulat1ons regarding sulfiting agents will no .

" doubt drive food scientistS»aand manufacturers to s;ek

substltutes. However, accordlng to Taylor et al. (1986), it'“‘

is v1rtually 1mp0551b1e to find a complete substltute for

sulf1t1ng agents. The" potent1al subst1tutes are also stated

to be less effective and more costly 1n most cases.,The.

problems also ‘lie in the fact that no other single

preserwnt1ve is as versatlle as sulfltes 1n its preservatxve
‘functiong. For example, one may be effective aga1nst
< © ¥y

enzymatic browning, but not nonenzymatic browning or micro-

'organisms, or vice versa. . Therefore, several types of

preServatives must bé found to- réplace sulfites in their

var1ous - functions. To prevent nonenzymatlc brownlng, for
}1nstance, ascorb1c and citric ac1ds have been used w1th some
success; However, they are not as effectlve as sulf1tes and

are more expenS1ve. Other methods or substltutes still need

‘to be found. One of these methods may be the use of glucose_

@

oxidase to geduce the concentrat1on of glucose, one of the

\

\ .

[
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major"reactant! in browning reactions.’

N %

2.7 Glucose_Oxida e

2.7.1 General information
Glucose oxidase (EC 1.1.3.4, p-D-glucose : oxygen

N N .
1-oxidoreductase) is a flavoprotein which carrjes out the

Ve
. PRS-

overall react1on of Equatlon 2.1: ‘
c.H,,o. + Oz + HzO -+ CgHy 20, + HzOz L ' (2.
The above conversion of‘glucose to glucongc acid in bacteria
was firft' observed in 1878 by Boutroux with Acetobacter
acet i (Bentley, 1963)- Begxnnlng in 1928, Muller\made e
exten51ve study on glucose oxidase from both Aspergl) S/
niger and Penicillium glaucum, therefore it was general y
_belleved that the glucose ox1dase enzyme was dzsceyered by
Muller (Nakamura and Ogura, 1968,\Wh1taker, 1985).
, Glucose‘ ox1dase has also‘ been demonstrated ‘in' other.
fungi, including Aspecgillus opyZae,\Penicilifum.nOtétum, P.
amagasakiense and P. vital (Scott, 1§75a). It has not been

found in higher plants or in animals (Whitaker, 1985).

S

'3.7;2 Preparetien'of glucose oxidase .
According to sScott '(1975e) and Schwimmer (1981),V
~glucose oxidase 1s prepared from the éreferred» fungal
sources ‘in d1fferent countries. The enzyme is prepared from
Aspengillus niger in the Un1ted States, and from Penlcllllum :

vital in the U.S.S.R. In Japan, .the preferred organ1sm is P.

EONR ' - \
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amagasaklense, Jzth only a small productlon from A nlger.n

" A. niger. is considered to be an intra-

fthe orga isﬁs. The enzyme from Penlclllium spec1es is
purified from the fermentat1on med1um, therefore it is

oy

considered as an qrtracellular enzyme (Scott,1y975a).

Two types &f .commeroialr'enzyme preparations ‘are
ava11ab1e. One is‘ a clear _amber soldtion, stable ounder
refrigeration for several years and at room temperature for
many months (Scott, 1975a) . Another is a 1light tan,
amorphous dry powder. The liduidjpreparation is claimedﬁto
have a better solqbility,:mOre convenience inwapp;ying, low
cost”and gregger stabilitf,ewheo compared to the powder form

(Scoft,‘1975a;.Fermco BioChemics,_a);

The commercial preparations of gllicose oxidase contain

not -only glucose oxidase enzyme,. but elso ca;alase (EC
1.11.1.6;‘ h§dﬂbgen—peroxiae : hydrogen peroxi e oxido-
.redﬁ§tase) (Scott, 1975a; Fermco Biochemics, a; Miles Lab.,

1985). Catalase catalyzes ;he decomposition of hydrogen

,perox1de (Equatlon 2.2): S
. catalase J
ZHZOQ_ Bnd " 2H,0 + 03, : B S (2.2)

Catalase can be 'derived from animal 11vers, plants and .

microorganisms (Whitaker; 1985). The. catalase 1n‘fommercia1

glucose ox1dase preparatxon ‘can’ be obta1ned from Asperglllus

nlgeF (M1les Lab." 1985) . Therefore, the overall react1on of'

commetcial glucose oxldase—catalase preparatmon can "be

»

.presented in Equation 2,.3:

iy %q
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ZCQH‘zOG + Oz I 2C5H1207 |

Glucose Glpconic acid

N

2.7.3 Mechanisms and molecular properties

~

~2.7.3.1 Mechanisms . . : < .

Two 1mportant papers on kinetic mechanisms qf glucose

" oxidase zere publ1shed by Nakamura and Oguar (1962).,, using"
enzymes{f¥gm P. amagask:nense, and by Gibson et al. (1964),

' w1th énzymes f:om A. niger. A general scheme which could
accommodate the reactions of glucose oxidase with all kinds

- of substrates (éugagg) was proposed by Gibson et al. (f964),

and is presented in Scheme 1.

- ky

1 K k3
Eo + S -——Av—k—-— EO-S -—29Er91‘——)5r* Py N
-1 ' ?\ ‘ : : ‘

, i .
k4 ‘ - k5 -
r+ 02 =2 Eg-H202 —— Eg *+ H302

~

Scheme I -
where, E, = enzyme in oxidized form; E, =_ghzyme in reduced
/4 ) ‘ , ‘. LS - ‘ /
form; S = substrate; P, = oxidized substrates, 1.e., - .

§-lactones.
When B-D-glucose was used as the substrate, the above

" general scheme was/reduced to S¢heme 11 (Gibson et al.,

s 4
B [

1964):
X

. R .‘ ~ Kk Had k2 ~ |
- - NEo+ G{—-——‘-—é E 5Py —=> £, + H302

o L o
CE, + 0y —X3 3 Ej-H 0, —2 D Eg+ Hp0,
. 0 A _
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Scheme T ‘
where, G = pB-D-glucose; P, = B*D-glucoﬁolactone; Ey. B, =
enzyme in oxidized and reduced formsf respectively.
p The SIﬁ:aluconolactone generated in * Scheme I1 is

7

hydrolyzed to gluccnic acid, slowly and nonenzymatically

rd

(Whitaker, 1985)./

Based on the experimental data offGibeon et al. (1964),
whitaker‘ (1985) cohcluded that the mechanism of glucose
Odeathﬂ by gl psew oxidase ~Was ./ a ping-pong bi-bi
mechanxsm, whxch ig presented es Scueme IIIrI

. Y .

L : 6-D-glucono-
" p-D-Glucose lactone 02 H202
\L- v" | ll\ \|/\ ]
g, o= - £ - BT 6
E,*Py) © Eo" Hp02)
Scheme III

2.7, 3 2 Molecular propertxes v .

\ .
> Glucose ox1dases from various fungal sources not only
catalyze the same reactions, but also are substantlally

s1m11ar in molecular propertles

* 1. Glucose oxidase issa flavin enzyme, containing two’

\
\

molecules\of flavin adenine. dinucﬁeotide (FAD) per enzyme

molecule. The exisfence of FAD as the prosthetlc group of

glucose oxxdase ‘whg

v

’-(1946). lnfggluc

first proved by Kellln and Hartree
xidase catalyged ‘reactions, the FAD.

;moiety'canwexist in two redox states, i.e., fully exidized
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FAD . dnd fully reckluced. (FADH,), as shown by Equation 2.4

(Bright, 1974).

QC=xX - l
e N A N| NTO a
N ]::J: :[L NH (2.4)
H3C 02  HsC N -
3 2 3 - H |0(
FAD . N FADH2

3
Therefore, the FAD moiety 'is the center of oxidation and
reduction in the enzyme reactions. The oxidation of glucose
by the enzyme can be written as Equation 2.5 (Whitaker,

1985).

. ; CH20H ‘
HO CH20H EFAD m + EFADHz
o > l

-D- &-D- Glucon lactone }
p-D-Glucose | £raD
l Ho0 -
. . +
N \ H OH H202 ‘
. L2 oH
' ' . ,COOH
HO : .
\ HO OH ,
L s , . (2.5()

D-Gluconic acid

2

The mbkédhlar weight of the enzyme from vafious fuhgal*g'

sources is around 160,000-180,000 (Table 2.2).

” : ¢
-



Table 2.2 Molecular weight of glucnse oxidase (various

Feports).‘

p : \). |
Re; erence | A niger R amogosah’enfg
Whiteker, 1985 186,@06
SC?tt,A19750 | 192,000 154,000
Nak.amu‘ra'and; 152,000 150,000
Flglkl, 1968 " !
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2. '‘Glucose oxidase _is also a glycoprot&in, containing
mannose, galactose, glucose and hexosamine. The experimental
results of the carbohydrat\ contents in glucose oxidase
enzyme have been summarized if Table 2.3.

Thelcarbohydrake content glpcqse oxidase vary from
production lot to lot (Nakamura e?”‘q]., 1976) as well as
different fungal sources (Nakamuga and Fujiki, 1968). It was
postulated that the carbohydrate m iety of thg " enzyme
provided a protective effectT"wﬁ?ch indreased the stability
of the protein:moiety against denaturing agents (Nakamura et

al., 1976; Nakamura and Hayashi, 1974).

2.7.4 Activity assay and unit

The multiplicity of units and activity assay methods is
one of the most confusing*things confronting those who deal
with enzymes. Various assay precedures have also been
employed in the study of glucose oxidase. The overall
reactions of glucose oxidase acting on glucose could follow
either Equ;tion 2.1 or Equation 2.3, as described earlier,
dependlng on the absence or presence of catalase in the
enzyme preparations. The activity assay, !.Erefore, can be
based on: “

(1) formation of H,0;;

(2) consumption of 0; or 0, 3|bstitute;

(3) formation of gluconic acid.

The hydrogen peroxide (H,0;) produced in an enzymatic

reaction has been utilized for activity assay, either in the
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presence or~in_%he absence of catalase (Ciucu and Patroescu,

" 39

1384)}*Some,compounds, such as o-dianisidine, o-toluidine; -

or 2,6-dichlorobenzenone-indophenol, eanvbe.bxidizedﬁby'ﬁgoz

and catalase from the colorleszredhced forms to thefcolbred

oxidized forms (Equatlon 2.6), therefore making spettro~

metric’ assay feas1b1e (Huggett and Nixon, 1957; "Dobrick,~

1958).
- catalase S :
Reactant + H,0; . - ‘H,0 + Product (2.6)
q‘ . +reduced, ' " oxidized,:
’ colorless . ‘ colored

'

Without the assistance of catalase, hydroged peroxiae
rapidly oxidizes iodide to iodéne in the presence of Mo(VI)

(Pardue et al.," 1964; Pardue and Simon: 1964),‘The iodine

formed can be detected either by potegtlometry (Pardue et

al., 1964) or by amperometry (Pardue and Simon, 1964)

Ciucu and Patroescu (1984) descrlbed a spectrometr1c_

“assay method, using benzoguinone to substitute O,. The -

formation of hydrbquinone was meaeured.at 290 nm. The method

was reported to be direct, rapid “and ~could Be used to

determine the 1n1t1a1 veloc1ty of enzyme reactlon.
‘
Based on the consumpt1on of oxygen in 'Equations 2 7 1

'and 2.7.3, the reaction velocity caiff be determlned by

manometry or- polarography. The manometric assay for'glucose

oxidase was first described by Scott (1953) The consumption

of oxygen was measured as the decrease of air pressure ”

¥

inside a Warburg flask fitted w1th a mano"ﬁer. The amount

7]

of oxygen consumed in 30 minutes was used to calculate‘the“

% . -
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-“reactfon veI—city and activityt | _

The manometrlc method has been superseded by the oxygen
electrode technlque, var polarographxc‘ method (Estabrook
v1967;;,Br1ghtﬁ 1974). ﬁSeveral reviews hive been- published -

. regardingkthisbtechnique”(Fatt, 1976;.Gnalger'and Forstner,

"1983). The heart of the instrument4is an oxygen prObe. A
cell, 'cons1st1ng of a plat1num cathode and a 51lver anode,r
is separated from the surroundlng sample solut1on by a
spec1f1c membrane which 1s permeable only to gases such as
oxygen. When a su1table polar121ng voltage 1s appl1ed across
the cell! oxygen\ undergoes an- electrgc reduction at the -
cathode, causing"a'current to flow through the cell. The

' magn1tude of qurrent generated is proport;onal to the amount

of oxygen present whlch,,ln turn, depends on the oxygen

spressure in ‘the surrounding solution. By, recordlng the
l o . ‘

aﬂglectric current generated the' oiygen pressure in' the.
; solution can be traced contlnuously. In the study of glucose .
tnoxidase, .the most .w1dely used probev is the Clark- typeh
polarographic‘ electrode (Nakamura - and Hayashl,\ 19743

Nakamura and Oxgura, 1962;Vweibel:and"Brjght, 1971). '
3mmf1~,“~5, t1tr1metr1c method (Underkofler; 1958)"has»‘been
employed by some of the' enzyme producers. (Fermco Blochemlcs,f'
. bs Mlles Lab., 1981) The glucon1d‘ac1d produced in the
enzyme reactlons in 15 mlnutes 1s back- t1trated to. obta1n
the enzyme react1on rate and act1v1ty.-
Var1ous units have been ‘used in’ the act1v1ty assay of

- glucose oxidase. The unit used'for commerc1al pigcation i

-
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ugthe manometrzc unit, 1n GOU/g or GOU/mL, where. 63 stands for.

Glucose ‘Oxidase Unit. It was defined by Scott (1953) as ”the

quantlty of enzyme that will cause an oxygen uptake of 10

per minute under assay cond1t1ons In the t1tr1metr1c~'

method, the unit was defined as the equ1valent of glucose‘

o

oxidase to 'p oduce .1 mL of .0.05 N gluconlc acid \(Fermco‘

H

Biochemics, b). The - glucose oxldase _act1v1tya obtained "

through " the titrimetric:,method was expressed as - the

manometric unit. An arbitrary factor, 3, was used to convert

the titrimetric unit to the manometric unit. It was obtained

by regressing the exper1mental results of the same samples

-c\WIth ‘the manometr1c~ and t1tr1metr1c lnethods (Underkofler,

1 9,58)\‘ '

When manomet;:c\or\;u}arographlc methods are used the
\

s

,already confoundlng units can b\come even more puzzllng in

' some . cases. Some supp11ers deflne the;r <glucose. ox1dase

'units as be1ng determlned in- the absence of catalase,
'therefore doubllng the oxygen uptake, haklng the act1v1t1es
of different suppl;ers uncomparable (Scott, 1975a).

In order to bring 'uniformity‘%intO' the chaos . of

@

expressing the enzyme act1v1ty, the International Union of

'_BlgEhemlstry, ‘Enzyme. Comm1551on, proposed the def1n1t10n of

.]“Unl;,?(TUB 1964) as'a"One Un1t (U) of any enzymeﬂ1s that

“amouaﬁ wh1ch will catalyse the transformat1on of 1 mLcromole.-

,of the substrate per m1nute under standard CODdlthnS

P

It was also suggested that the measuremeént be carrled

out under optlmum condltlons and Lhe enzyme‘assays should
. ‘ A . . . “ B

&
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~;be based wherever . p0551b1e on measurements of 1n1t1a1 rate

'of reactlon, and not on amounts of substrate changed by the

end of a period of t1me unless it is known that the veloc1ty“

N
rema1ns constant throughout the l;er1od" Obv%ouslyl the

titrimetric-method!does“notvmeet this criterion, while the

. . f ' . N
‘polarographic method is able to measure the initial reaction

velocity.

1

Lo o

2.7.5 Reaction properties of glucose oxidase

‘2.7‘5'1 Substrate specificity» o . E

The substrate spec1f1c1ty of glucose oxidase. has been
well studied and _some of the results were summar%zed by
Whitaker (1985) a_nd are presented in Table 2.4.‘*cose
ox1dase has a very hhigh’ specificity for ﬁxD—gluoosef

iHowever, Taylor et al (1975) reported that glucose oxidase

from Pseudomonas fluonescens +oxidized B-D-glucose and

3édeoxgj3+fluoro—D—gluooeéﬁ‘at the same initial rate at a;

'subetretégconcentration up to 200 umole.

2. 7 5. 2 M1chael1s constant (K )

The Mlchaells constant also referred to -as’ Michaeljs-

*r«

- Menten,constant (Km) is defined es."the concentratxon of the

specific substrate at which a given‘enzfme yields one-half

its maximum velocity" (Lehninger,»1982). It reflects the

aff1n1ty character1st1cs of an enzyme for a specific j

fhsubstrate under certain react1on cond1tlons.lThe'reported

' Michaelis constants of leucose oxidase for glucose are
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Table 2 4 Substrate specxfxcu;v:of glucose oxidase

(adapted from Whltdkel', 1985),

X

Compound | éelért_ive Rete
B-D-Glucose _ o | 100 .
é.v—ly)-_-Glucose‘ ’ o R 0.64 ;
1.S-Anhgdro-ﬁ—f B 0
’ D-glucitol ‘
2-Deoxg-B_—D—'}glucqse' | " 33 N
. D-Mannose , 0:9.8
2-0-Methyl-B- - o
D-glucose -
3-Deoxg~f3,—D-ng¢o§é 1. T
'B—D—Galaciose - " 0.5
4- Deoxg B3-D- glucose‘ , | 2 B
5- Deoxg B-D- glucose | - ' 0.05 ¢
L—B—D-gluco_se : | -0 |
\ .Q-Deoxg—B-D_—_dlutqse - 10
Xglose - | 0.98
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'preeented in Table;2r5.,A~large‘veriance among the reported
K, values can be observed. For example, the K, of
Aspergl1lus ‘enzyme ranges from 0.026-0,11 M, even though the

assay cond1t10ns are almost the same.

2,7.5.3 pH dependence of - the enzyme reaction ‘ ‘
Glucose oxidase from both Asperglllus niger andf
Penlcllllum stra1ns has a wide range of eerct1ve pH values
between 4.5 to 7.0, with ,optimum ‘pH around 5,6 (Scott
1975a:«BentIey, 1963). At louer'pH éalues;'the rate_limiting
'Etep of overall turn?over was reported'to be the rate of
_formation. of enzyme-substrate compleﬁn_(Eérs), _while:‘at‘ a
higher pH range, the limiting step was the combination of
reduced-form glucose oxidase (E,) with oxygen to form

w

E,~H,0, complex (Bright and Appleby, 1869). -

B
S

Glucose oxidase has also been ‘reported to be quite-
unstable at pH. values greater than 8 (Bentley,_‘ﬂ§63)
However, the enzyme could be stablllzed by the presence of

its substrate, such as glucose (Scott, 1975a) —

2. 7 5.4 Effect of temperature on the react1on rate

The elevatlon of temperature will affect the reactlon
rate of glucose _oxldase in_ﬂthree aspects. ‘The h1gh5;
temperature will: (1) lower the activation energy for the”
reaction; thus accelerating the reaction'ratef‘(2)-decrease
the solub1l1ty of oxygen in the solut1on- and (3) accelerate
the heat denaturat1on of - the _enzyme. Balanced by these ‘three

factors, the reaction rate of glucose oxidase is found to be
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‘Table 2.5 Michaelis constants of glucose. ox\\%se. o

\,/'\
e R i P e
>0 : | Glucose(M) [ ‘ : | _
A niger 1 1S | 35S | 0.05 Nakemura and Ogura, 1968
A niger : 25 | 55 |7 0064 Nakar{\ura.\and Ogura , 1968
Aniger_ | 27 | 56 | o1 |Gibson ef o 1964
A niger | 25 56, | 0033 [Swoboda and Massdy, 1964
S niger 23 5.5 O_.0”'26 Nakamura end Hayashi, 1974
£ emege- 30 | 56 | 0015 |Swobodland MadeBy, 1964 -
sokIense I N | "
- Rnpatetym | 20 -1 56 | 00096 |Swoboda and Massey, 1964

. No_(repo/rted 25 5.0 0.034 Ciucu and Patroescu, 1984
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relatively unchanged from 30 to 60°C, and does not -decrease

' Significantly when temperature is well below that fange

| (Scott,“ 1975a). Actually, the offset resulting from the

; decrease of oxygen solub1l1ty at hlgher temperature is so
severe that the xeactlon rate of, the enzyme at 90°F (32°C)
is substantxally the same as the rate at 50° F (10°C) (Scott,
1975a). On the other hand, Ohlmeyer (1957) reported that the
activity of glucose..ox1dase increased as “the temperature
increased, up to a_'iimit> whexre the enzyme was rapidly
denatured, at 87°C.

,/2.7.5.5 Inhibitors otwblucose’oxidase-

¥

~Glucose oxidases fgpm various sources are inhibited by
tﬁetel ions such as cu?* and Héz*'(Nakamure_and Ogure,,1968i
and partially by chemicals such as sodium bjsulfite
(Bentley, 1963) ., Tﬁe product " of henzymé reaétion,
D-glucono-6-lactone, was found to be an 1nh1b1tor of glucose
: oxldase, poss1bly by b1nd1ng itself in  scme way to the
acté%e center of the,'enzymeAﬂ(Nekamura and Ogura, 1962;

Gibson et al., 1964).

2.7.6 The app11cat1ons of glucose ox1dase in food processing
Glucose ox1dase,,alone or coupled w1th catalase, has

found wide applicatlons in food

tience and‘ technology

because of its ' versatile functlions. ' These numerous
. ‘ . o " __—
applications ‘can ‘be divided into fiv ain categories:

1. to determine the glucose content. of foodstuffsf



{

ﬁCﬁiprolbr>Tester.f

-
2, to égrm hydrogen-=peroxide;
3. to pfoéuce gluconic aqid}
4. to remove glucose;

5. to remove oxygen.

2.7.6.1 Enzymatic determination of glucose

N

~
Bgéause of Lits high §pbstrate specificity, glucose

oxidase, free or bound, has been used to determine the

glucose contents of foodstuffs (Valentova et al,, .1983). A

o

.glucose oxidase impregnated " test tape was gdapted from

clinical use to the potato chip industry by Smith\j1960).
The so-called "Chip-Color Tester" changes its color from
yellow to various shades of green when it is in contact with;

raw potato slices. The glucose content of the potatgesfcan

be- read directly. The. color of potato chips céuld be

predetermined successfully ‘from the reading ' of the

2.7.6.2 Formation ?f hydrogen peroxide

Some chemical oxidants, such as bromates, calcium

'perbxiéi,'ascorbic acid, and chlorine ﬁiokide, have long

been used in the bread mak}ng industry to mature or bleach

flour (Pomeranz and. Shallenberger, '1971). The improvihg
effect of ascorbic acid on the quality of baking flour was

reported to be enhanced by adding glucose oxidase (Maltha,

" 1955). A USSR patent also described the”addition_of gluqoSe

oxidase and ascorbic acid to dough (Kretovich et al.,'1969).h

‘SCOtt (197§b) postulated that the enzyme removed free okygen
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in the doughr thes saving ascorbic acid, leaving it for its
'3mprov1ng effect on baking properties of flour.

Glucose oxidase from A. q!ger, combined with lacto-
ﬂperoxidaae, can'preaervega contaminated milk product against
a mixed ‘ﬁicrobial challenge 1(Banks and -Board, 1985). The
role of glucose ofidaae enzyme was believea to be generating

theqreguﬁred,hyggogen peroxide. | |

.

2. 7 6.3 Prodnct1on of gluconic acid )

‘{ Thgﬁgénconlc acid produced by glucose oxidase can be
uéed to ac1d1fy milk i to meet the requirement for m;lk
aurdl1ng (Rand 1972). Either glucose or 1actose has to be’
'bresent to prov1de suff1c1ent substrate for glucose oxidase.

The ut411zatxon of glucose oxidase to extend the
‘shelfjlife of -fresh seafood was reported recently (Wesley,
1982; Field et al., 1986). The application could  be
accompiisneq by: (1) dipping fresh fish in enzyme glucose
'nsolution;'b(Z) packing fish with crushed enzyme- substrate
containing ice; or (3) by storing gluoose-solutxon—dlpped

A

fish/and enzyme—impregnated algin blankets in alternating
layers (Field et él.,.1986).>Tne methoa~near1}'doubled the
'shelf 11fe of flllets and reduced drip- loss in storage. It
was . bel1eved that the gluconic ac1d generated during the
treatment ‘would reduce -the pH of the surface of the f1sh;
inhibiting the growth of.spoilage microorganisms which were
f_acclimatized" ~ nefitral - or - sl1ghtly alkaliﬁe marine

env1ronJents. Glucon1c acid 1tse1£ could also be bacterio-

stat1c, as could the hydrogen perox1de which might be

s
rd
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produced (Field et al., 1986).

2.7.6.4 RemoVai of glucose

- . ,
Glucose can, in some cases, present problems in food

. processing and preservation. Glucose oxidase has been used

to remove glucose from foodstuffs such as corn syrup,‘invert
sugar, dehydrated meat and dried egg powder;" ‘
Glucose in invert sugars and corn syrups is not as
desirable as fruc¥ose due to its lower sweet equivélence,
possible_ﬁlowef assimilation in digestionv(Scott, 1975b), *
and facile crystallizing ' characteristics (Mermelstein,
1975). To remove glucose from invert sugar, glucose haé Seen’
first oxidized by glucose oxidase to glucpnic acid, which

was separated by passage through an ion-exchange‘ column

'/(Scott, 1975b). Glucose oxidase has also been appliedi to

produce the low glucose j?rn syrup which has an dextrose

N\
.

equivalent (DE) value édualf to ordinary corn syrup, but
contains a lesser amount of monosaccharides (Mermelstein,

1975).

) ) . - N\
The glucose content of meat may increase because of

" glycolysis activity (Sharp;'*1957§.' The discoloration - of

dehydrated meat during storage is believed to ‘be caused by

the Maillard reaction between amino groups and glucose or

its bré&kdoWn products (Henrickson et al., 1956). Glucose

6xid5§e eﬁzyme was used by Henfickson et al. {1956) with
hydgogen peroxide to treat meat before_fdehydration} They"
found that enzyme-treaﬁéd pork was more stable and lighter

in color than the control. | , ' .



, ' R ;
. 50
- ' |
N C
The greatest success of commercial qpplioation of
glucose oxidase in the food industry is iﬁ"egg drying. The
natural glucose in eggs can‘deteriorate the qualify of dried
&

. powders by either condensation with amino groups or by

'reacting with ceph&lin to xproduce off-flavors (H1ll andﬂgw

Sebrihg, 1977; Berqulst, 1977).

The Removal of gqlucose from eggs, referred to as
- "desugarlngi "used to, be achieved by fermentafion with
contam1nat1ng microorganisms or by controlled bacter1a and
yeast.‘The first appllcetlon of glucose ox1dase enzyme in a
desuge}ing‘progess was reported by Baldwin et al. (1953).

Egg white, containing 3.4% glucose on a dry basis, was

ac1d1f1ed with dilute hydrochloric ac1d to lower the pH from:
L 3

9.0 to 7.3. After\ tgeatlng with- 0.5% glucose ox daseg
catalase enzymes for abouf 15 hours at 80°FM, "t!
glucoselcontent dropped to 0.1% (dry basis), and the egg ¢
white was suitable: for - drying. The{r' results were
corroborated by Carlin and Ayres (1953).

Scott (1953) developed an emp1r1cal relat10nsh1p for

\ glucose 1eve1,».t1me, enzyme level and hydrogen peroxide

s

demanded for enzyme desugarlzatlon in preparation of albumen
solids. Yolk and whole egg were also desugarlzed by glucose
.oxldase-catalaseyenzyme system. The glucose content dropped

from 1.2% (dry basis) to 0.1% after treatment with 0.3%

enzyme fot_4 hours. _ ‘
The quality'of enzyme-desugarized egg white, yolk and

whole egg powders has been thé-subject.of sevéral studies.

4
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The enzime—treated powders vere compared wjith conﬁrol‘
" samples (Paul et al., 1957; Song et al., f984), or with
microorganism—fermented’samples (Kline %éfi .;/1954: Derw;sh
and Sadek, 1978). Enzyme treatment improved the storage
stability of the egg yolk solids (Paul et al., 19555, and
resulted in hlgher foambngnability of egg white than the
control (Song et al. J9é4). The enzyme-desugared egg white
had a better foaming capacity than the yeast-desugared
sampie (Darwish and Sadek, 1978). The storage stabilxty of
egqg ;powders prepared by' the enzyme or yeast desugarxng
methods Qere equivalent as appraised by chemical, functional
and flavor tests (Kline et al., 1954) .

The deeLgarization of egg _white by co-immobilized
glucose oxidase and catalase was reported by Kobayshi et al.
(1978). Glucose oxidase and cathase . were immobilized
together or separately by u51ng polyabgylamide gel.

Oxidation of glucose to gluconlc acvd follékedf?f}:

Menten k1net1cs.

2 7 6 5 Removal of oxygen o xx =

For many years, food sc1ent¥%t

food preservatxon. Various methods o§

foodstuffs have been developed such:a O

packag1ng. Glucose oxidase- catalase Lﬁﬁyﬁps have qlso been g;

l applled to. many food commodltles to aﬁ

LY

;éieye this goal ~¢

During the storage of lrplds,fw“ §x1dat1ve :anc1d1t¥

% LN
n

resulting ‘from exposure to oxygen. He most tommon and
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' In.many'cases./ﬁobds are. either hot-filled of‘hhatedx;.

after sealing. éiuco&e oxid’seand‘caﬁhlase‘have to surviveo

the heat “treatment for their* function of deoxygenation.

Scott (1975b) codted the dry ‘enzyme with a  hot-water
\;Zzoluble material, sueh as nmthyl cellulose, or a- time-

t . :
eagse coating, ‘and thus was able to stabilize the enzyme

’ J

-through the heat treatment.

P
ﬂ »

.caused by oxidation reactioné, can be inhibited by addition/f

. > . " :
of glucose oxidase-catalase enzymes (Ohlmeyer, 1957).

The glucose oxidase-catalase system was "applied' by.

Baqtod/ et al. (1955) gto protect canned soft drinks from

v
fading of sensitive colors and picking up of iron. The

N - ' " )
enzymes have_also been utilized' to stabilize fruit drinks

and concentrates, such as orange juicQ( lemoﬁijjuice and

grapefruit drinks (Scott, 1975b).

P ' N
AP‘Ee wine is susceptible to oxidation and to gthe
dével&pment of acetic aéid; gaﬁg (1955) applied:the glucose
_oxidase-catalase system to remove oxygen from the winet/;nd

thus prevented development of volatile acids. According, to

Scott (1975b), a consideréble amount of work has beeh done -

by Ough a his colledgues on the stabilization of white
A N

> wine with Qg¥ucose oxidasercatalase system and favorable

-

results have been achieved.

7

e A fey more applications are worth mentioning. A glucosé

oxidasé\qQ{::ase impregnated plastic wrapper was able to

prevent, bro ning ring in the loaves of cheeses (Scott,

P

" The deéterioration and spoilage of" beer during storage,



\1975b¥[’The'enzyméé?dan"g%%o.béfnsed‘td"prebent oxid5£ivé;f?'f

ranéidity in mayonnaise (Sé§ t, . .1958), ﬁo - prevent

discoloration in preqookéd fro;‘ -imp (Kelley, 1974), fand

to protect ascorbic acid (Chogb, ze and Bakuradze, 1972);

2.7.6.6 Recent research activities B - o
Recently, the research activities on glucose oxidase

‘'seem to emphasize immobilization of -the enzyme, alone or

- with catalase, and the application of immbbilizedkenzymes.

Examples of suCh,researéhgeﬁdeévors include "immobilization

of glucose oxidase by irreveréibie adsorption on the surfaée
of a graphite electrode (Ikeda et al.,.1984);-by.entrapméﬁt

in gels (Freeman et al., -1983); on a vcoIlaQen membrane

{Gozia etfaiﬁ, 1983); and\bn dimethyl;amiatéd nyl@h geis

(Miyama et al., 1985). o R

A

L | | | P
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“3. EXPERIMENTAL

*

. R “ B
*3.1 Materials | | : §

3.1.1 Potatoes |
‘ Potatoes of ‘Superior and sﬁepodyv varietiesilwere_
obtalned from I & S Produce Ltd., a local food processor..
Norland potatoes were purchased from Centenn1al Acres, a |
‘ local potato suppller. Potatoes vere elther stored at 4°C,
for recond1t1oned %t room temberature to achleve su1table\
- reduc{ug sugar content. _" g °
3.1.2 Glucose oxtdase. o : ‘l\v a" SRR
‘Two commerC1al preparatlons of glucose oxldase enzyme
‘from Aspenglllus nlgen were used: '
A A. DeeO 1500 1n powder form 1500 Glucose Oxldase
.Un1ts (GOU)/g (Miles Laboratorles, Elkhart, IN)
o " B. Fermcozyme CBB- 750 in. lquld form,' 750 GOU/mL
(Fermco B1qchem1cs, Elk Grove ‘gilaqe,'IL).
3.1.3 Chemicals | | | .
)i Monobasic (KﬁzPOu) and »oibaSic (KZHPou) pota551um1;
o phosphate; 85% phosphorlc 'acidi and anhydrous dextrose_'
f(D4glucosef all certified A. C S graden(risber-Scientific;a;
> Co., Fair. Lawn, NJ). | “ f‘ | _‘:J
| Reagent'.grade chloroform, ahd\ aﬁhydrous-vetﬂyle\ether

Q(Caledon Labs. , Georgetohﬁ Ont.ir

.. 55
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3 1. 4‘Equ1pment
Model 53 blologlcal oxygen monltor and YSI Model 27.

1ndustr1al analyzer (Yellow Springs Instruments, Yellow

Springs, OH). ' |
“ lHobart food cutter andtdicer:(The Hobart'Manufacturing

~ Co., Troy, OH). _ | .

| General Electrlc fryer, Model‘CK40 (General-ElectriC;

Co., Chlcago Helghts, IL). _'k .

HunterLab Model D25M/L -2 cglorimeter (HUﬁter‘ Assoc.
Lab., Falrfax, Va). ' . _ | .
| BeckmanAJ—21B centrifuge (Beckman instrrijpince Div.,
Palo Alto, CA). - - . |

~ Model 5851 'va@uum oven (National - Apﬁlianee Co.,

. Portland QR) | ’.(7 |
S.Z_Studies oh Glacose Oxidase

, . . . .

3., 1 Preparatlon of phosphate buffer and varlous solutxons

_ Phosphate Huffers ‘of varlous pH values were prepared by
“;m1x1ng the KH;PO, and K2HPO, solut1ons (both 0. 1 M or 0.15.

.vM) to obta1n the de51red pH values. A Model 230 pH/lon meter
(F1sher Sc1ent1f1c, Falr Lawn, NJ).was use@,to measure pH.‘7
- For huffer of pH lower than 4 5, phosphorlc ac1d was used to

'ﬂbrmg KH,PO. solutlon,tq*he de51red PH.. -

Glucose solut1an; ' M e1ther in- phosphate buffer ‘or 1n’

h'Mklll Q water,‘wasxkept at room temperature 0vernlght before
59‘ -

”"use. éi‘ o : RuE S
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 Glucose oxidase ‘so-luti‘~on*s~""'were{“‘*prepared by dissolving e

the‘enzyme either in phosphate bufferqor in Milli-Q'water

_ prior to‘ the experlment. The enzyme concentration was

expressed as percentage in solution,'w/v for powder enzyme
and v/v for liquid enzyme.
3.2.2 Act1v1ty assay procedures
' A total of 2 95 mL of glucose solutlon and phosphate
buffer was p1petted 1nto the reaction cell of the oxygen

I : O . A
monitor and stirred for 3-5 min to achieve temperature:

‘ eduilibriUm and air saturation. The -oxygen:. probe was

-

ingerted carefully to expel any air bubbles that might
attach to it. Glucose oxidase sofution‘(&O uL) uas added
with;a syringe through the slot'on-the oxygenfprobe; The

oxygen-pressure of the solution was recorded with a 10 in

'Beckman recorder at a chart speed of 1 1n/m1n. An example ‘of

the graph obtained is presented in Flgure 3. 1

¢

To check(the effect of glucose concentrat1om§on the .

enzyme reactlon rate, the experlments ‘were carrled out at

25.0°C, as recommended by IUB (1964), and at pH 5.5, which
was reported to be the optlmum by Bentley (1963) The ratio
of glucose solutlon (1 0. M 1n buffer) to phosphate buffer

was ad]usted to obta1n the de51red glucose concentrat1ons in.

,the f1na1 solution. ¥ = - | "! B o ——-

" To carry out the measurement at d1£ferent pH s, 0 90 mL

1 OuM glucose in water and 2 05 mL 0.15 M phosphate buffer

- were used for each determ1nat1on so that _h buffer
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Figure 3.1 Example graph of oxygen partial pressugjesraced
by the Mo’del\ 53 Bi;Slocjical Oxygen Monitor. The measurement
'was carried out at 40°C, 0.3 M glucose, with chart speed of

1in/min. . T




concentration of the final solution was kept at 071 M,

/

rate, the exper1ments were carried out at various

‘*~‘tures "(25 tor 40 °c), ati pH 5.5 and glucose
COncentration of 0.3 M, whio' was found to be the minimum

glucose concentration for act1v1ty assay.

To study the thermal stability of the enzyme, about 2

mL of enzyme‘solutlon (in 0.1 M phosphate buffer, pH 5.5)

was put into a test tube and held: in" a water bath at .

specific temperatures. The test: tube was taken out after a

certain timé .and cooled in cold ' water. . The remaining’
. \ ‘ : et coL o

~activity was assaied at 25°C at pH ‘5.5 and 'gldcosev

* concentration of 0.3 M.

2 3.2.3 Calculat1on of reactxon rates

To calculate the 1n1t1al veloc1ty of the reactlon, a

To test ‘the effect of reaction temperature on the‘

stra1ght 11ne was drawn tangentially 'to the recorded curve‘

as illustrated in Figure 3.1. The reduction of oxygen
pressure in 1 'min, R, was' obtained from the gr&ph. ‘The

. velocity of the enzyme reaction, v, was calculated accordjing
B e . :

<]

to Equation 3.1.. S v
. _ STX Rx V ' * o
= 22.8 x 100 * 2 o , - (3.1
where: - R a 2 o -
vs . . - reaction velocity in umole/min;
ST ' ’iéygeh solubility of the solution at

temperature Tlin_uL=oz/mL;-

A
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R:.. ~ oxygen ‘pressure reduction (%) in 1
| - min; ' v
, A TR .
v: | total volume (mL) of the solution,
_which was 3.0 ° mL . in these
5 7

experlments.

‘ 4
The act1v1ty of the enzyme preparat1ons was ‘calculated

I8

with Equatlon 3.2

§f§§Laz = %‘ - (3.2)
wbere: 7 o
T Interpational Unit; .
vi ,fj\ reaction velocity calculated from Eqg.
IEEEWT / |
E: - ’total_:am0unt of enzyme ‘used: in

measurement in g.or mL.

The oxygen solubxllby at temperature T (ST in Eq. 3.1)

was calculated from Eq. 3. 3.

(3.3)

ST = ST° x e/,'.'kc - Dbuffer
:where: |
' STO: 5 oxygen solubility “in pure water at
S ' teuperature T (uL 0,/mL) ; | .
ki constant, 0.0156 (zander, 1976);
? ' glucose concentrat1on (%), a
Q&mfer“ 'decrease of oxyden SOlUblllty caused .
. by 0.1 M ,phoephate buffer at
‘ | - temperature T. R I:; g
-3..' iST° valuee could be found from prev1ous data, ﬁand

‘.‘

~_Dbuffer was calculated from the data g1ven by Rob1nson and

1 . . - T
! » - X /\3
i a
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Cooper (1970).

3.3 Processing andi‘Enzymej Treatment of Potato Chips and
French Fries/ . - | N
3.3,] Processing of potato chips o B .
vPotatoes of.Superlor and Shepody varieties were used
fot chip making.«They wereueither from cold storage (4°C) or
‘ .reconditioned at‘ambient temperature for a sultable length
of time to achieve various reduc1ng sugar contents.

Potatoes were%washed, hand peeled, and sllced Wlth the
Hobart Food Cutter and Dicet to abcut 1/20 in (1. 3 mm)
thlckness. Samples Qf the slices were taken for glucose and
moisture content determlnatlons. After washing 1n cold water.
lto get rid of surface starch, the sllces were eltﬁer dried

r':
on paper towel ‘'or treated with enzyme solut1on. They were

then fried in hot oil at 180°C. Fry1ng was terminated when

bubbles ceased to rise from the slices. The‘chips”obtained

were packed in polyethylene bags for later analyses.

‘5 IR - .‘ \, ) ‘“ .“
L 1 . . 2 )
o . ) ) . Y £ @gﬁ s

. o A
3.3.2 Enzyme treatment of potato chips

R = m _

About 250 g of the cold water-washed slices were

. immersed in 1 L cf'water-or enzyme solutions at various
5.

temperatures for various times. The enigie concentration in .
the solutions ranged from 0.005% to,ﬁ%gﬂ (w/v for powdeb

enzyme and v/v for 11qu1d enzyme) The%&reatment was carried
% «
.out at 20, 30 and 40° C with the ggpplng time vary1ng from

”
4 iy s
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30 to 90 mxn. Dur1ng dxpp1ng, the, samples were occasionally

stirred wlth glass rod. After dlppxng, sllces were dried on

papnr towel and saMples of the slices were taken for glucose

and’mo1sture content determlnatlons. /

“ 1

i‘

; To check the effect of aeration oh.the enzyme reaction
onfbotato slices; compressed air (approx,,21x 03,'78% N:)
was bubbled through the solutlon durlng the enzyme treatment:

at a rate of about 5000 cc a1r/m1n (Lab Crest Series 100

L

Z.Centwry Flowmeter, F1sher Sc1ent1f1c Co., Fair Lawn, NJ) ,
"*M ' " e

»

3.3.3 Processing of Frenchtfr1es
Norland potatoes from cold storage were washed peeled

’and sliced w1th the Hobart Food.Cutter and D1cer into strips
lof 3/8 in’s(1 cm?*) cross section. Sambles of the str}ps were
taken for glucose "and moisture content determinations.
Strips were then washed _in cold water twice.- Pre-frying
Qreatments of the strips, such as blanchlng, were'carried
out, followed by the enzyme atreatment. Strlps were then
dried on paper towel and fried in oil”at 185,C for 3 min.
French fries'thuslobtaéned were kept foér various analyses’
and evaluations. S . ~ |
3.3.4 Pregfrying treatmentsjfor French fries

. Part of Jthe raw,'potato strips' were fried directly
'withogt forther treatment. The remaining" strlps were hot

water blanched or' steam blanched prior to further

treatments. Hot water blanch1ng was performed at 80°C for 15
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" min, as recommended by Brown and Morales (1970). Live steam
at atméspheric pressuré for 7 min was used in steam

blanching of potato strips according ﬁo Strong (1968) and
Wilder (1972).

}.3.5 Enzyme trggtment of potato strips

About 450 g 6f4potato strips, blanched of unblanchéd,
were immersed in .1 L of eithe% watér or enzyme solutions
kept at :various ,temperatures.. The enzyme concentrations‘
ranged.frquOLQS% io 1.5% (w/v for powder,enﬁyme and v/v for

liquid énzyme).uThe dipping was carried out at 25 of 35°C

for 5-20 min.'During the treatment, solutions were stirred

every 2-3 min. After treatment, the strips were dried on

/

.paper towel_ahd samples of  the strips werertéken for glucose’

. and moisture content determinations.

£
A
¥
’

3.4 Analysis and Sensory Evaluation

3.4.1 Moisture content determination
The AOAC (1980) method ’Q}th a conventional oven at
106°C was used for moisture determination. “
.-/‘
3.4.2 Glucose content determination
p »
3.4.2.1 Raw potato. samples

. . / .
Chopped raw potatoes (50.0 g) were blended with 100.0 -

-

mL distilled water atﬁhigh'speed’for 2 min. The miifdfeﬁﬂas~ :

then filtered through a Whatman No.c3 paper in a Buchner -

g

=, *
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fuﬁnel; attached! t6 q water aspirator: -A 'por:ion of the
filtraﬁe was placed iﬁ a test tube-and heated in 80°C water
for 10 min, cooled, and féfiltered through a Whatman No. 4
paper. A 25 uL a;iqﬁot of filtrate was then injeéted'intb
the YSI Glucose Analyzer, Glucose content of the sample was
calculated from the fbilowing fo;mula:‘

' Rd

where Rd was the- direct reading from the instrument in

3 5! .

mg/dL. ' e

3.4.2.2 Cooked (blanched) sampies
Chopped_samplés‘(zs.oxg)!were blended with.100 mL of
diétilled water at high speed for 2 min. The slurry was then
“centrifuged at 25,400 G for 15 min. A 25 uL aliquot of the
supernatant was injected into the YS1 Glucése Analyzer.
Gluéose;content'of'the“samﬁle was calculated from: '

% Glucose = 7000 x 5

» N .

3.4.3 Color measurement' of potato chips and French fries

*

3.4.3.1 Potat?chips ‘ e
About 40 § ofﬂchips were‘crushed in’polyethylgpe’bagsf

ﬁisgo that they could be put into'the.blending jar. S;ﬁples
gefe ‘blended at ‘Iowv speed '§Of a feW"minutes and ,sifped_
fhrough a jO mésh\sieVe. The siftedvsamﬁleé were filled into
the 'ﬁuntérlab sample holder for color measurement. The

w

/ surfate of the sample wa§‘smooi§ed with a spdtula.

%
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The Hunterlab Colorimeter was staﬂdargiu&

L

standard yellov plate (L=77.9, a=-1. ‘, b-23 .3). The colo.r of .
AR ' :\h%
duphcate samples wds then measured and average readxngh ?

"

e W
\:,‘ % Ve \‘
8 4

L]

L, a and b vere obtalned

3.4;3.2 French fries

For color measurement of French fries the Hunterlab was
also standardized with the yellow plate. Samples of French
fries were placed sidg bf side on the sample holder. The

samples were then covered with a black alumihum plate in :

Ty

which 'a "hole of 4 cm diameter was cut in the center. The
color of samples was measured through the hole. Three

different locations on the samp%Fs were measured to obtain
N

, . {
~the average values. :
¢ . )

TheJ color of ~ French fries was also evaluated
. _ - ‘
subjectively by comparing the sample color with the USDA

color standards (USDA, 1972).

©

3.4.4 Determihation of fat content 6f potato chips and

French fries
The fat content of botgto chips was determined with the
- Soxhlet extraction method as described by Lees (1975) (¢
' The AOAC (1980) method was used for the determination
of faficontent in French friesﬁ‘Sampleéqwere vacuum dried at

e E R .
60°C and 100 mm Hg for 24 h, followed by Soxhlet extraction
w1th anhydrous ethyl ether for 5 h Y
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Sensory Evaluation For French Fries

Judge: . Date: ,1987 "~

-

1. Definitions o | -
1) Flavor: the typical flavor of potato French fries

2) Texture: good texture means:
[} . h
T ' :
external surfaces: moderately crispy;no  ~
A - noticeble separation from the inner pomon

° not excessively oily
‘ ' interior portions: well cooked; tender,
practically free from sogginess =~

N w !

)

'

2. Instructions

M v

Taste the samples and check the appropriate small boxes
.- beside.
It you cannot decide, guess please.
Do not take the cdlor into consideration.

~ > b ¢
3: Flavor :
Which sample has a stronger flavor? ~ \
x(] vl /\
A . o
_4.Texture ) v 3 '
A : :
. ‘Which, accprding to the definitions, has a bett‘é!r
) texture? - 1 , '

o '_ XD, o ‘Y[]‘

Y . A . o
« V . : . _ . .
quure 3.2 ‘Sensory evaluation ‘sheet for French fries .

. P > R e . .

%repared with vater blanching and steam blanching.
. » : N L ‘ .
" _ 1)

o



Sertsory.Evaluation of Potato Products

Judge_ * 7 pate:r____ 1987
Sample type: potato.chips [] Erenc.h f;ies_D#. .
I Instructions: ) B
Taste the provided samples and check the -
approprlate box. ‘
,Il;'_Questlvon :
“ Did you detect any difference inflavor between the
two samples?
~ves{]. No[]"
N o It YEg\:ease descnbe
, .
J p .
. ‘ g *. 2
- AR S

B 4

r



4. RESULTS AND DISCUSSION o

&

4.1 Reaction Properties of Two Commercial Preparations' of

S

‘Glucose Okidase

4. 1 1 Oxygen solub111ty in the systemb

In the calculati‘on of the en2yme reaction velocity an@
activ1ty, an unknown'varlable in Eq 3.1 was ST, the oxygen@
solublllty 1n the solutlon at temperature T. As there were
no avallable data for the phosphate glucose water' system,
the oxygen solub111t1es under var1ous glucose concentrat1ons
.and temperatures were calculated u51ng EqQ. 3.}% and are
presented in Tables 4.1 an§$4 .2, respect:vely. 'x‘

ST° values were taken from Stephen and Stephen (T963)
‘ Dbuffer‘ values were calculated from the graph g1ven by
Roblnson and Cooper (1970) as shown in F1gure 4.1. The k
'-value was. taken as 0., 0156 from Zander (1976) |

. The oxygen solublllty of a solut1on 1s affected byw\

such as oxygen part1a1 pressure above the solut1on
(Henryﬁs Law) temperature ‘and the types and_concentratlons
of; solutes. ‘As% the exper1ments were ‘carrled out at
" atmospher1c pressure of a1r, the part1a1 pressure of oxygenv'
3was qu1te stable and exerted 11ttLe effect on the oxygenﬁ;
solub111ty in d1fferent solutlons. The oxygen solub111ty at

.d1fferent temperatures~cou1d Ee obtalned from the pmevzousf

data (Table 4. 2 and E1gure 4 1) ‘ B TR

. X Fl.t o . s . C " . % jﬂ' j R B FJ
N e R



Table 4.1 Oxygen solubility in'+olutions -of various .

'
I

70

glucose concentrations at 25°C,'calcurated using»qu-3.3f

.

Glucose Co_ncent'ratign ‘

™

B 4

Dputter
ul / mL

2

0.02

0.36

0.04

0.72

- 1.08

£ 0.08-

g

.44

- 0.10

1.80°

0.20

gf 60

o.’3p

540'

| - .0.40

720

050

9.00.

0.22

1 "adapted from Steph'en and Stephen, _1‘963 v‘ o
'_2'§ad_a}p't_e’d from Robinson and Cooper, 1970

L R U I
3 calculated using Eq. 3.3

EN

+



i Table 4. 2 Oxygen

solub111ty

in .solut1ons at - various o

te%peratures with glucose concentratlon at 0 3 M

SN | . ~61 D'—‘ 2 ' .3
Temperature St B butfer | - ST .
(°c) pL/mL . pL /-mL uL/ml
25 575 0.22 507
30 524 L 0.25 457 -
3 486 - 0.28 4.19
40 ¥ 4.48 034 374
1 adapted from Stephen and Steffhen, 1963
2 adapted from Robinson anﬁ'Cooper; 1970 *ﬁx
’ ‘ o - o o - : e -
3 calculated using Eq. 33 o

£y
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inf

‘pure water (V) and "in’ 0 M phosphate buffer (e ) at. pH 7.4

(adapted from Robmson and Cooper,

1970)
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. The oxygen SOlUblllty in the SOlﬂUtan was also affectfh%byﬁl "

glucose content and phosphate bufﬁer.?iﬁhe decrease ot %he" .

B4

solub1l1ty caused by 0.1 M phosphate ,'buffer has been
reported by Robinson and Cooper~(1970) and their data were |

used 1n -the present calculat1o‘ﬁ*s -as Dbuffer The ef&ct of"

glucose on the solub111ty, however,_ could not mi)e easily ,7,,*

‘ff

obtamed from prev\lou’work - S

-‘“ ‘?‘

The oxygen solub1 1ty in glucose.water system cguld be‘
calculated from the Setschenow . equatlon (;?q_. 4.1') (Zander, :
1‘6)' o S o e B L
' | .ST_ = S'r° x ek¢ ‘* o | (4. l) |
'All varllables in the equatlon ‘e the same as . Eq 3.3.

The constant k at 37°C w?s reported to be 0. 0156 by"’
zander (1976). ‘As k‘”values“” were not available lil‘.or other-
ten:peraﬁres,_ this k value was used '-i‘alculatlng the
- oxygen soluh'iliity at other,'tempe'rath'ures in the range of
.v2‘§—g0°c.¢ The “calculated _*oxygen_" solublllty at different
-temper'atures was compared’ -with the reported data, " as
presented in . Table 4.3. I L f |

At temperatures as - _lowf' as’ 21.2° C ‘the oxygen
solub111t1es calculat@ed and reported were in good agreement.
;Therefore, by using’ kt=0a 0156 tfe oxygen solub1l1tyv_betwee‘n »*
21.2 and 37 c could be calculated qu1te accurately. o
| " As the salt effect of solutes 1n a sd’lutlon contrlbuted‘;. -

, #

‘ add1t1vely (Zander, 976) ‘the oVerall oxygen solub:hty, of

,'glucose phosphate water system could be calculated usmg Eq. -
3 3. ’ = ’ . . ' . M.a" | . . v% - °, | . ) - ‘

. i i . . N N
¥ = - . :



@eble 4.3 . Ogygen solubility. calculated . from Setschenow AN

S ) ' '
: ’gdﬂjfion (k=0.0156) and reported.data.

A

'

K TN
TR

I Glucose
1 -Conc. (%)

| celcutated’

St (uL/mL)

" Reported -
St (uL/mL)

Error from
Reported (%)

oay

'

2570

"26§QJ-

't 34

>

2192 .z

2062 ™ 20.

| IadabtedfrbnmlUEAt}!@

79" .

. L
& 2 &iﬁpwﬁrom Zander, 1976

74

»



75

'_ The oxygen solubiljty in d1luted aqueous solution of V

’

‘acids and bases"was repo?ted by Guseva et al. (1972) to be

1ndependent of pH in ‘the range of pH. 2-12 at 20~ 40 C.

5

Therefore, the oxygen solub1l1ty calculated w1th Eq. 3. 3\

would-also apgly'to solutions at various pH's. . -

i

. 2, Etfect of gludose concentration .on enzyme reaction

%jvltocity

]

‘~$f{The ‘ reaction veloc1t1es of the two commercial

"“/‘ w“ " o

{A \
pregﬁratﬁpns of glucose oxidase at various concentratlons

%

gﬁ;

w

areQgesented in Table 4. 4 and F1gure 4 2. -
"ihm the data, seve;al basic . propertxes of the' two
prepaq’tlons of glucose oxldase,'such as act1v1ty, m1n1mum
glﬂdﬂke concentratlon for activity assay, and the M1chael1s-»

Menten.constant‘could be obtalned.

yﬂ‘ 1.2.1 Michaelis-Menten constant

f

%qﬂ‘e M1chael1s—Menten constant, Kno is defined as "the

conqg@tration of the- spec1f1c substrate at whlctn a g1ven

':enzyme ylelds one- half its max1mum veloczty (Lehnznger,

1982).. It reflects the afflnlty character1st1cs of an enzyme'_
for a spec1f1c substrate. L Do : 1] 0 x

% Several methods are avallable for calculatlon of Ky,

‘The statlstlcal method developed by W11k1nson (1961) . wast

reported to be more accurate than the widely used graphlc‘

e 2

methods,'such as the double pecxprocal aneweaVer plot. The

K, values -of -the' two. preparfations ‘calculated by  the

computetfassisted Wilkinson method_ife shown in Table 415.

]
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‘Table” 4.4 Enzyme reaction velocity (umole/min) at various

glucose concentrations.

. 4 B : . 3 . <
ok : : - Powder Enzyme- - | - id Enzyme
. Glucese - - Po . yme _ Liquid Enzy “
Conc.(M) | R(R%) ! Velocity R(%)' “Velocity
- ) —%¥
. 0.02. | 45 . -+ 0.064 4./, 0.072
©0.04 ' 6.1 - 0.089 0.103

7.0
906 | 73 | 0106 | 80 - | of16

0.08 8.0 - 0116 | . 89 0.129
oto | es 0124 | 98 0.141
020 [ 97 1 0.136 1o 0.154 ,
030 | 106 0144 | 115 | o.iss

0.40 - |7 109 ( 1 otaa | 120 . 70,158

050 | W ,, 0.143 | . £25 .| o.as0

'/ I reduction of oxygen partial pressure in 1 min.
| . averege of triplicates with std. dev, ranging from 0.10%

t00.15%8
-
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3 ’ . % ) *

,Table 4.5 The Michaelis constants for both enzym&.
. s R - ] ‘ s

&

preparations. ST .
e
Enzyme’ ' . Kn |
Prepration (M Glucose ) . -
. PowderEnzyme o 0027
; - B | |
) Liquid Enzyme . 0.026 "




”‘

~Velocity (4 mole / min ) x 100

) ' # ,',,"»W
6 - : '

) @ Powder E.

4 Liquid E.
4 :
- W

24
0" LA | v, ‘1 ] v ] = 1 v J M 1

0.0 0.1 0.2 .0.3 0.4 0.5 0.6 »
. : s

Glucose Concentration ( M) h

F1gu_g 4. 2 Effac* of gluﬂosg copcentrat1on on

at,25 C, pH 5 5

3
‘!..




... Nakamura and - Ogura (1962) The reported K ‘values td‘y”h\

" and Ogura, 1962) to 0.11 M (Gibson et al., 1964, ‘alth

These results corroboraced the Ko valuo rcportod by
1gLucose oxidase from A. nlger vary fromx0.026 N (lelmf;“

the cond1t1ons under which they were measured: ﬂerc )
the same. This difference might be attributed to thf¥
methods. Nakamura.and Ogura (1962) used the polaroff

"

method, while Gibson et al. (1964) employed the marW

" ‘method.

4.1.2.2 Minimum glucose concentration for activity assay’

At low substrate concentration, the initial velocity of
an anyme reaction is directly proportional to the substréte
con5entrat1on until the  substrate concentration reaches !0

K, or hlgher (Guilbault, 1984) Therefore, the actxvxty
assay should be carried out at substrate ,concentrations

¥

\lgreate; ‘than 10 K. ' | , jgz

Figure 4.2 shows that the reaction velocity of both
powdéL and liquid enzymes increased sharply from 0 to about

12-14 x 102 umole/min as glucose concentration increased -

s

" from O to about 0.1 M, then slowly thereafter until glucose

»

concentratlon reached 0.25 M and higher, when‘the velocity

became almostlconstant. *Therefore, the act1vxty assay for

"glucose oxidase ‘should . be 'carrxed out w1;h glucose

ﬂ%concenarat1qn at 39725;_M qr p1gher. vkg ,tﬁe' present‘

3 »
'g.wv . = . (

-k

'v,experlmeﬁis, thgﬂébzyme act1v1ty,was assayed w1th a giucose

concéntratxon of 0.3 M (5.4%). -

“
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~ ~preparations.
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4 1. 2 3 Acthpty of- tﬁe tyo commerc1a1 enzyme preparatlons‘ﬂ
. The act1v1t1es -of the two’ commerC1a; "enzyme
preparat1ons obta1ned 1n the prgsent experlments are shown
- in Taple*4.6 - The declared act1v1t1es are also shown in
" Table 4.6, in both 'Glucose Oxidase Units (GOU) ang
}nternat1onal Unlts (IU) o |

. o~

.They_IU is deflned as thes quant1ty _ofb enzyme that

: tra sforms 1 micromole of substrate/~1nw-one .minute under

,°opt1Mpm assay condltlons (IUE 53964)"GOU was defined by_ ‘
Scott (1953) as. the amount of enzyme that could cause an

oxygen uptake of 10 mm“ per m1n under assay condltlons. Gou

can be converted 1nto 10 through the follow1ng calculat1ons,'

ﬂyGOU‘= 10 mm? Oz/m1n \
P - ¢ _ 10, 273.15 C _
A > T 22,4 X 308;f5““mole O;/min '
- R .= 0.396 pmole O,/min
i ~.‘-~\\
3 ¥4,

= 0.79 .umole glucose/min

= 0,79 1U .
‘The activities obtained in the present ekperiments were
more than  twice thevdeclaredjactivities when compared in |

" 1U/g or IU/mL. The différence‘may‘be due to thezgifferent_/

aSSay‘methods used. o f. AR A

/" . ! . {‘
’ Both'manufacturers employed the titrimetric method - for//

-act1V1ty assay ‘(Miles Labs.,_1981- Fermco Blochemlcs,/b)
. when compared w1th the - polarographlc method _Used 1n the =

present experiments,” several observatlons may be made ‘which

/
0 /

explain the differences-'between the’;experlmental and

‘declared activities:- | R o



—_—

1. The confusion in the ‘unit . conversio

! titfimetric uhit to manometr1co unit. Bdth ﬁénu:qcfﬁ;igs
expressed Utheir glucose .oxldase activity . ihﬂ : ic
uhits; i;e., GOU/g or GOU/mL although the act1v1t1es Were.
.assayed thh the t1tr1metr1c method In tltrlmetrlc qésay,h
'one u 1t is deflned as the amount of enzyme that "produces 1
mL 0 05 N gluconlc ac;df under assay cond1t1ons in~ 15
.m1nutes (Fermeo Blochemics, b). Aceofdihght0¢£he'definitidn,
one titrimetric unit is' equal to 4.2 ﬁanometric.'units.>

Ry

Calculations are .shown below. .

»

~+ . 1 titrimetric .unit = 1 mL 0.05 N gluconic acid/15 min
= 1 mL 0,05 M glucose/15 min
= 50 umole. gluc05e/15 min

. = 3, 33 umole/mln ‘ , ' -
= 3.33 IU
- .

- 4.2 GOU -

v However, when the titrimetric method was released, an

arbitrary.factor ofe3‘wa5'used to conbert the tit:imetrie
unit to manometr1c unit (Underkofler, 1958fv and this,fachor
was used by both enzyme suppli;rs; Therefore, the . iabelled
act1v1ty could be only. about 70%.of the actual activity.
2. The * substrate - concentration in the titrimetric
assay ‘yas lower. than 10 K,- In the _assey p;oeeduree
de;crlbed by the two suppllers, the .glucose EOncentration
was 0.15 M, which was one-half of ‘the glucose concentratlonh

used in ' the present experiments. Based on the glucose

concentrati%n-v%locity. plot in Figure 4.2, .the initial-
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velocitylﬁas'only‘about_QO%‘oflthe'maximum;VelocitY{‘Thus,
the titrimetric methodvemployed by both suppliers:could élve
‘only 96%'oflthe actual activity.of glucose oxidase. N
3. The\ t1tr1metr1c method assays kthe activitw bye
measurlng the average veloc1ty of enzyme reactlon in 15 m1n,
while “the Vpolarograph1c ' method measures' the "1n1t;a1-
‘vefocityj ’As recommended by the International Union of
‘Biodhemistry (1UB, 1964) the activity assay "should be
based wherever p0581b1e on measurements of 1n1tal rates of
reaction, and not on amounts of,substrate changed by the end’
og ; per1od of time unlqss it is know:\%hat thé yel%éity
remalns constant. throughout thls perlod" lhe titrimeiric
method, by measuring :the average veloc1ty in' 15 min, does
not meet this c’ri-terion.-. The reaction condltlons '&ould'
achange 50 much during that @jme that they mlght sh1ft away
from the optimum cond1t1ons as requ1red by activity assay. {
| The glucose concentrat1on could get even lower. In the
procedures described for txtrxmetrlcv assay;, up to‘kZO%
glucose- could‘ be oxidized durlng the 15 min 'assay time.
Thus, there was even leSs glucose'available to saturate'the
enzyme. The 1‘.‘;med1ate of glucose ox1dat10n by the enzyme,
. §/D gluconolactone, has been reported to be an 1nh1b1tor of‘
///the enzyme (Nakamura and Ogura, 196?; Gibson et.al., 1964)
As the hydrolysis of 5-D-gluconolac¢one_to gluconic’aC}d was
slow (Whitaker,. 1985), _there‘ mlght ‘be accumulatiqn of
B-D—glucoholactone and thereforeL inhibitidn " of enzyme
activitytduring the assay period. The production of gluconic

'



;- ‘ EE -1 X
acid 3nd the consumpt1on of 0xygen could also result in the
7

Shlft of a@say condltlons away from the optlmum&

%
v
NS

4 1.3 Effect of pH on react1on veloc1ty '
_ The ‘reaction veloc1t1es of the two commerclal -enzyme '

preparatlons at various, pH values are shown in Flgure

;;The 'pHﬁvelocity:'curves. for both .enzyme preparations are .
‘ bell—shaped, withahthe optimhm pH'laround »5.0 hfor oomder
rienzyme and 5;5 for liqhid enzyme. Both enzyme prepardgions
have ‘quite a broad effecilve pH range (pH 4-7). ‘

" The .effect of pH%b thev‘lnd1v1dual steps of the
reactlon has been exten51ve1y studled by Weibel and Brlght
(1971), Brlght and Appleby (1969) and‘G1bson-et al. .(1964)
It was suggestbd that the 11m1t1ng step at low: pH values was
»pr;marlly the formatron”of E-S complex, while at hlgh pH s
the limiting step was thegcombination of reduced enzyme with
Oz (Briéht and Appleby, 1969f; Glucosé oxidase-enzyme was

also found to be unstable at pH's greater than 8 (Boyer et
al., 1963). R

- 4.1.4 Efféct of temperatUre”on reac}&on rate R
The reaction rae:f of the two enzyme preparatYons at
temperatures - from 25 to 40 C are shown in Frgure 4.4. The

_reactlon veloc:ty was found to be almost constant in the

temperature range stud1ed Because of the 11m1tat10n of the
instrument,'the effect of’temperatures lower than 25 C or

higher than 40 C could not be tested
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‘\# Usually, the reaction rate of an enzyme increases as
Y . ' r . r

"“the reaction temperature goes up, until heat denatwration of

the enzyhe begins. However, in the oxidation of glucose by

IS

4

glucose dzzﬁhase, the Mse of temperathre req@its'_in a
Jecrease of 'oxygen solubility' in the- solutioﬂ,f'

drastic
.. (Figure 4.1). The acti@ity limitation caused by the decrease
~in oxygen solubility was so severé that'thefehzyﬁe reaction
velocity was found to be substantially the,.same  at 50°F
(f0°C) or.90°F'(3é°C).in desugdring érbceSS-(Scoﬂt,'1975b).

T

4.1.5 Thermal stabilities of the two qommé&cial preparations

Ve

-

The thermal stabilities of the .two enzyme preparations
are presénted in Figures 4.5 and 4ﬂ6.‘Both'preparatiéns vere
guite stable at temperatures of 40.and 50°C. At 55°C, the

Kpowder‘énzyme logt‘35% of ité origiﬁal acgivity after 20 min

incubation, .while the liquid enzyme lost only 7% ‘under the

-
-

" same <conditions. Both preparations lost~ their activity
quickly at 60°C and above, with the powder enzyme iosihg its
~activity more quickly than the liquid form. In effect, the
liquia eniyme was found to have a‘superior thermal stahility
to the'powder ehzymé; This phenomenénAwas éléo experienced

. ' . . .
by Scott (1975a). - .
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activity was,aséayedeith 0.3 M glucose, pH 5.5 at> 25°C.
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4.2 Studies on some Anaiytiéql Hethods
4.2.1 Analyéis ofvglucése‘by YS1 énaiyzer‘ ‘
“Various analytical methods havé_ been used bfor the
' determination of glucose . in potatoes. fhese include gés

chromatography (GC) (Shaw, 1969), high performance liquid

ghromaté@faphy (HPLC) “(Wilson et al., 1981), and the

\

immobilized glucose oxidase method (Valentova et al., 1983).

The .immobilized gluéose oxidase method with the YSI Model 27

: N ‘ _
Industrial Analyzer was used in this study because of its

ease of operation and reasonable accuracy and precision when

tested against the HPLC method, which is more complicated

and time consuming.

During the preliminary studies of the analytical/

procedures, . the glucose content was found té be unstable in
the extracts of Traw potato samSﬁes (Table 4.7). The-gluc?se
cohten; in the extracts increased steadily with time. This
-dncreése has been attributed to the’ éctivitf of some
enzymes, such as inveftasé (Pressey and4Shaw, 1966; Présséy,
1969). As the basal invertase activity varied among potatoes
of different cultivars and post-harvest condftiops (Pressey
and Sbaw, 1966), the rate of the increase of glucose might
also:Qe_different in various potato samples (Table 4.7). The
blending of the.potato tisgue alsb accelerated the inverﬁase
activity by bringLng substrates-closer to thé.en;jmes.
In order to stabilize the extracts, the Samplés vere
‘heated after filtration in a water bath at 80°C for 10 min.

|
The heated samples were refiltere@ through the Whatman No. 4

paper. quples thus., treated lwere stablé in glucose
el o

« 8 ’ i
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Table 4.7 Glucose copteht

»

without heat treatment.

w*
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of potato extracts with and

N

Time Batyeen

- Semple 1 ( X Glu.)

Sample 2 ( 8 Glu.)

Sample P ' — _
and injection | Without with Without - With
- (min) Heating Heating | Heating Heating
T 0 0.39 0.40 0.28 0.29
20 0.42 , 0.40 '0.29 0.29
40 . 0.45 0.40 0.31 0.29
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e concentration (Table: 4(7). 'The heat treatment probablyj
'dEBQroyed the responsible enzymes, hence stabilizing thcg
\ 2

sugar “content of potato extracts,

To)check the reliability of the YSI analyzer, glucose
content| of the same sample was also determined by an HPLC -
method, which“was kindly done by Dr. N. Low (1986). Results

P4

- are shown in Tag\e 4.8. ’ )
: ¥ C

The 'correlation between the results from the two]
Iy \\Nﬂ - . B

methods was highlym\ﬁi;nificant + (r=0.986 wLﬂh<:9.f.=3).
. L ’

Therefore, the YSI methdd was considered adequately reliable
)

-for glucose content deterQ&Qation in potatoes.

-

4.2.2 Color measurement by HunterLab colorimeter

~. The color of potat chips can be evaluated both
subjectively, by comparlng\ he,cnlor of the samples with the

standard color charts, and objectlver, by employing var1ous

types of instruments, such “a§ Ag\ron Reflectance Meter

- (Ewing et al., 1981), Photovolt Photgoelectric ' Reflectancg

.

Meter (Isleﬁb, 1963), Hunter-Gardner Color \'fference Meter

GClgég and Chapman, 1962), and HunterLab. 9,10r~and Color
B Vi .
Difference Meter (Habib and Brown, 1956; Mafa, 1973). .
The HunterLab Model D25M/L-2 . Colorim gfr was used 1in
%

this study for objective color’ evaluation of>potato chips

and French fries. In order to determine the validity of the

instrument, tests were carried out by compari the’ results
"of the objective method with the subjective method. The

results are presgbted in Table 4.9 for pot;\ chips and
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- y”Table 4 8 Glucose content of potatoes determxned by YSI and

HPLC methods

ysi Method' - ;@"]~f}"' HPLCI%ethodz
<-‘,%f Glu) (z Gt )

; §g -
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" \ 2 average of two rephcates
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'&1 Table '4.10  for Frenc friest ' o L

_ In Table 4 9,‘,samples. 1. through ‘5, were‘ commerdial

Goiie

products purchased from 1ocal grocer1es, whlle samples 6 and
7 were prepared in thlS lab Thus, 1t was poss1b1e to dover

)a wlde range of potato ch1p color shades

§
~ .

-~ The s1mp1e _coeff1c1ents correlatlng the subjective'

. ! 4
scores w1th ob]ectlve L,a /b~ values were- 0.947, -0.967 and

o

respectlvely. The correlat1ons betWeen scorés and =

uks and between scores and a% values werew highly

:‘51gn1f1cant (p= 0 01) while that between scores and b‘values
was 51gn1f1cant (p= 0 05) Thus, the HuntenLab L,a, b~ values
‘iphwere re11able for measurlng the color of potato chlps. As
hL’values showed larger varlatlons among samples’ than a- and
'”b values, the L read1ngs were used to represent the color of

potato chlps (Hab1b ‘and’ Brown 1956).rHowever, the USe of

Y

L- val es was found to be. compllcated ‘by the fat content of

_potato ChlpS, thlS w1ll be ‘di'scussed in sect1on 4.3,
LA

\

The subjectlve ‘scores. and HunterLab L, aeb values “of

v‘some French fry samples are shown 1in Table 4, 0. Samples
were prepared from potatoes of varyxng sugar contents to

obtaln French frles of dlfferent shades of color The

o,

L samples of varlous color scores were chosen by comparlng the

color ot, the éamples w1tha the USDA Color Standards tor
'Frozen French Frred Potaths'(USDA 1972). As the hlghest‘
~'5,score on the chart wasv"4": score "5" was us:d to represent
‘those saﬁ%les that were even darker - than the darkest on the

color standard
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Table 4.9 Results of subjective andjbbjective evaluation of

color of pdfato‘chips.

,

/

' Subjective / HunterLab Readings?
Sample No. |-~ \ L .
‘ Scores / , -
! L a b
¥ |
t __| . 800 /e 33 25.0
2 650/ | 584 7.0 1,267 -
3~ 626 s66 | 72 253
4 66.0 56.4 6.1 24.6
E 760 62.0 44 | 262
‘ / ' g
6 | s 36.5 1.5 17.6
' R, 1 : » .
7/ 49.3 382 . 123 8.3
o\ . .

/

1 a‘V9/age scores of five judges with std. dev. ranging from .

~/
45ta 7.1
/ .

JEE

- /fav'eragé of two replicates



Table 4.

~_color of French fries. ~
o ;

10 Results of subjective and objective evaluation of

- 96

/ HunterlLad Readings'
_ Subjective
-Sample No.
,‘ Scores L a b
ro 5 2 238 33 40
c20 | a6 247 4.4 ~ ‘4.7\
- T 35 - 26.1 3.0 5.6
R R el :
-1 30 27.0r 3.1 59
25 278 32 6.4
]
20 29.2 .29 7.2
15 30.2 25 .75
SEER - R IR WO 313 24 B.2
9. | o5 325 19 8.3
10 ¢ 00 328 5 8.0

2 lndlcatlng Y

.

| average *‘trlphcates w1th std. dev. rangmg from O. 15 to

| 031 forL from012t0038fora fromOl2toO40forb

on the .,

or standard chart

t the sample'was even darker than the darkest

»



o

|

The coeff1c1enté correlating ‘the subjectlve scores w1th
,HunterLab L,a,b-readlngs were 0.994,_‘-0.854 and 0.977,
‘respecti§ely.‘The cbrrelatipne between the scores andAL~, a-
or b-values Were all hiéhlytsign{ficant (P=0.01). Therefore,
it wasivalid'to empioy the-HunterLab to measure the color of

French fries. For the same reaSOn as W1th potato Chlps, the

L- values were utlllzed to represent the color of French

fries.
4.3 Enzyme Trgatment of -Potato Chips > . \{/
The enzyme treatment of potato chipsuwasbéarried outlny

dibpinﬁ the potatb slices into the enzyme solution at

various combinations of temperature and time before frying.

Factors that might affect ‘the .epzyme treatment, including

enzyme level, treatment time and temperature, “and the

aeratlon of enzyme solutlon wereistudled

The HunterLab L- readlngs of gotato ChlpS w1th various

pre—frying treatments are presented in Table 4.11.

4.3.1 Effect of fat content of chips on Hunter Lfreadings

During the color measurement,'the Hunter L-readings of
_ _ _ P L

' potato chips fried immeaiately"without- dipping treatment:-

neret often higher. than those of ‘chips with dipping

treatment, *although the'dipping‘treated samples were much

lighter in color .than those without dipping. treatment

(Figure 4.7). In prepéring the samples for HunterLab

\

measurement,. the dipping treated samples were found 'to be

97
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"Table 4.11 The Hunter L-readings of pOtato} chips with
' variohs pre-frying treatments. (average of three\L?rgadings)}
[ at

S

Enzyme Conc. ( Powder E.)

Dipping Dipping | Without

¢ Tém‘p.(oc) Time(Min) »Dippin‘g (C?)'r?tf"ol)‘O."QOS% ’o\om 0,02\3

| 30 | 323 | 345 340 | 36.8 385
20 60 | 337 | 337 | 353 358 | 356
-91'0‘ ' 3/3"10, 327 | 333 322 328
. 30 . |.316 | 341 | 349 | 364 | 363
30, |. 60 | 318 | 345 | 346 | 365 |372
“ e0 | 319 | 345 | 348 | 349 | 365
30 374 | 375 | 404 | 384 | 423

40 | 60 | 346 | 359 1353 | 362 | 361
,, 90 | 432 | 426 | 429 | 445 | 461



A

Figure 4{7'vPotato‘“chips"broduced»,by direct frying (no

treatment), or dipping the slices in tap water (control), or
in 0.1% liquid enzyme solution (0.1% L.E.f.-Dipping'was at

40°C for 30 min (a) or 60 min (b).

K
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more greasy, and more easily smoothened with a spatula than.

the.sigples with no dipping. The oil .content of samples wﬂth
and' without 'dipping was determined and‘the results are shown

in Table 4.12.

v

The oil content of chlps without dipping was about 45%,

@

while the average o1l,£ontent of dipped samples, either in.

water or in enzyme solutlons, was about 51%.. A T-test

indicated no significant difference in oil content between

samples treated with either 0ﬁ1% liquid enzyme or 0.05%

powgpr enzyme Duncan's MultiplefRange Test (DMRT) showed

- that the fat content of chips without d1pp1ng was highly
151gn1f1cantly lower than those of dipped samplesr However,
among the dipped samples, whether in water or enzyme, no
significant difference in oil content was detected. |

It cooldAbe postulated that the higher 0il content of
dipped samples was responsible for their relatively lower
Hunter L-readings. The high'amoﬁmt of oil in the samples

would probably _absorb more light, thus less 1light ,was

reflected, giving a darker appearance‘to the surface than it

actually‘was. Therefore, the Hunter L-readings could not be:

usged to‘compare'the color of the chips madeﬁwith and without
~dipping treatment. However; slnce there was -no significant
'difference' between the oil . content of potato chips with
various dipping‘treatments, theercolor-could be oompared

‘directly using Hunter- L-values. _ ‘

L

\
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Table 4.12 0il content. (%) of potato chips’ prepared with or

'withgut dipping treatment (average, of two replicates).

®

-
£l

: ‘ Dipping
e | Without — '
(Enzym PhOUL 1 400C, 30 min 40°¢, 60 min
Level Dipping - -
| In Water | in Enzyme| In Water |in Enzyme
0.1 % . , =,
T 45.32 4999 50.27 4951 51.99
Liquid E. ‘ o .
0.05 % 45.35 5117 S1.14 49.99 . 51.22
" Rowder E. :
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4.3.2 Effdct of énzyme concentration

\

The enzyme concentrations studied raﬁged from 0.005% to

0.02% for powder enzyme. The Hunter L-readings were shown to

_increase as the enzyme concentration increased (Table 4.11).

~

Using factorial ANOVA (analysis o% variance), the difference
in the Hunter L?;eadfngs at various engyﬁe %oncentrapioqs
was found to be significant (P=0.05): The‘DMRT reghlts of
the Hunter L-readings at different enzyme concentéations are

shown in Table 4.13.

L : b ~
The analysis of data presented in Table 4.11 shows

" that, althéugh the célor of chips trééted with'fhe enzyme at
all three éoncentratiohs was 1ighterkfhan the.colo: of the
confrol (Treatment 1), only the coldr_of_the sample treated
with 0.02% enzyme (Treatment IV).was'ﬁignificantly lighter

(P=0.01) than that of the cdntfol (Table 4.13).

In order to test whether highq{ enzyme concentrations

would.furéher improye thg‘color‘éf potato chips, experiments
were carfied tout at enzyme concentratiops of up to 0.1%
powdér Enzyme (0,2% liquid énzyme equivalent). The results
are;s£bwn in Tablé 4.14.

| The Hunter L-readings of”potato chipé increased as the
enzyme concentration @ncreased dp to 0.05% po&def enzyme
(0.1% 1liquid enzyme), theh deéreased as the enzyme
concehffation was doubled “tob 0.{% (0.2% 1iqu{d _enzyme) .

Therefore, the enzyme concentration of 0.05% (powder) or

0.1% (liquid) was considered to be the optimum level for

‘tgéatment of potato chips. As the glucose content of potato'

>
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Tabye‘4.13 Duncan's Multiple Range Test of color (Hunter L)

9
{

of ‘potatq' chips treated with enzyme at various

b ,
concdntrations.

l. I [t v

0.0 0.005 001 - 0.02
S 3556  36.18 3686  37.93
L-readings ' _ ,
5% Level . : - *
1% Leyel

¢

R indicating no signirjc'ant difference among treatments.on

the same line
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Table 4.14 The Hunter L-readings of samples treated with

enzyme .at

replicates).

various

..&<

concentrations

(average  of

Dipping

| Lontrol 01 %E| 005 RE| 0.1 RE.
Conditions (0 RE) : B
40°C,30 min 439 45.3 46.6 44.7
(Powder Enzyme) ' ' ' '
409C, 60 min - '
’ . “~ 45.6
(Powder Enzyme) 43.1 43'3. 473 :
OR ‘ . .

{tiquid Enzgrzne)l

37.4:

L

1 the cOxcentrations for liquid enzyme were 0.02%, 0.10%,

and ¢.20%, ‘v/v, réspectivelg.

two
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samples (about 0.3%) was very low, the limitingrfactdr of
the ~enzyme reaction would be the concentration of glucose,
Hence, enzyme concentrations higher than 0.05% (powder) or

. 0.1% (1iquid) did not result in additional glucose
oxidation,
*»
N
4.3.3 Effect of dipping time ...

3 .
Dipping time for the potato slices ranged-from 30 to 90

L

min. Factorial ANOVA of the data in Table 4.11 showed that
the interaction of dipping time and dipping temperature had
highly significant effect on the chip gcolor (Hunter

L-readings). . However, neither the dipping time nor

temperature itself caused significant variation of the chip.

color.

- Further study on the effect of dipping time on enzyme
treétment was performed where énzyme conce?tration was kept
conétant (0.05% for powder and 0.1% for?'iiduid) .and the
temperature was also kept constant at 40°C. The results

(Table 4.15) show that Hunter L-readings of samples with 60

o

min dipping were higher than those with 30 min dipping..

b

However, the lighter color of the 60 min dipped samples
might be a result of the leaching of solutes into the

.

dipping solution rather than of the enzyme reaction. In ‘any
case,,tbe 1ncnease in L-values of the enzyme treated samples
'over‘ e. cgntrol samples between 30 and 60 min dipping was
not .. s*gnlflcantly different. This and the economic and

T

practlcel reallty 1ﬁ the 1ndustry would  favor the- shorter

-




different dipping time (average of two repi"i'&‘l‘i"t -3

30 mip Dipping 60 min Dipping

Control | 0.05 % E '| Conirol | 0.0SXE.'

Powder Enzyme | 44.0 46.1 440 a47.4

Liquid Enzyme |- 46.1 a8.1 | 477 50.9

1 enzgm'e concentrations were 0.05% (w/v) for powder

enzyme and 0.10% for liquid enzyme /

‘ »



';.;from 20 to 4o°c. e e R

©dipping time of 30 mini T e

v_'4 3, 4 Effect of d1pp1ng temperatuvev

. L1ke d1pp1ng tlme, dlfferent d1pp1ng temperatures were
l,found to be not etat1st1cally 51gn1f1cant 1n cau51ng the f

. variance’ of Hunter L readlngs. However, the average Hunter Qo

P

L—values 1ncreased as the d1pp1ng temperature was//fa1sed -
4

Wh11e the d1pp1ng temper ture d1d not appear to S1gn1-»
,f1cantly affect the enzyme Qactmn veloc1ty, the leachlng
'rate of the solutes from the surface of the potato sllces
.mlght be affected by the temperature{ Vukov (1977) stated

' that the dlffu51on coeffldlent of sugars from plant tlssue,

_such as beet tlssue, to the extractlon solutlon is dependent

¥

~ . on the temperature of the SOlUthﬂ. He alse stated however

that the dlffu51on rate of solutes from l1v1ng, sound and
- .intaet plant tissue was very low when compared w1th the
: idamaged cells caused by heatlng or shearlng stress. In the“

-enzyme treatment of potato sllce5° the d1pp1ng temperature,

";jas h1gh as .40° C, was well below the cell damaglng tempera-\

ture of 70 80° C. Therefore, the. leachlng rate of solutes 1n'
:rthe, d1pp1ng treatment would be slow, and the“ d1pp1ng
temperature in the range of 20 40 C mlght not haVe a very ;_
s1qn1f1cant effect on the color of potato chlps. Hence, oni

e, the dlfference ‘in the’ color between the. control

f’nzyme-treated.products could be attrlbuted'malnly
ftﬂto the enzyme vreaction to reduce the glucose .content of



/potato s11ces.

To take advantage of the slxght improvement in chip-

coIor‘ due to the increase ”in, d1pp1ng temperature, 40°¢- -

,}s.

d;pplng was used in subsequent exper1ments.t

' 4.3.5 Effect of aeration <:}§{ | j T ’

s As dissolved oxygen in enzyme' selutien might Jlse -
affe¥t the tate of enzyme reaction, compressed air was

bubbled t?roughi the .enzyme dsdlutl%n during-‘the 'dipbing"

_iq fr?atmenk\in order to ensure_adequate 0, for the reactien.
’ For the dipping length of both_30and60"@in, the Hunter‘;
v L—readings of the chipsv with aeration yshewed no increase
ouer “the samples without aer.ati.on~ (Table 4;16);,‘This‘
indicated that'aeratlon,.at least 'in thls appl1cat10n, was -
"‘not necessary for the ox1dat1on reactlon by glucose ox1dase.
This may begabecause, during the d1pp1ng treatment,. ‘the

'solutlon ‘was stlrred frequently, whhch m1ght be adequate to

'prov1de Oz requ1red for the Feact1on. Also w1th glucose
« = .

'concentratlon as low .as " 0. 01% 1n the \solutlon, the rate -
‘11m1t1ng factor of the enzyme reactlon would\be the glucose,

rather than ‘the d1ssolved oxygen. " ’ | e

? v

4.3.6 'COnditidnsf and »limita&;on of ‘the glucose oxidase

- treatment e

‘The preCeding "experimental results indicate - the
follow1ng opt1mum cond1t10ns for the enzyme treatmént of

potato ch?bs to reduce brownlng. 0.05% solutlon of glucose



4

Table 4.16 The’ ngpér“L—teadihgs of ¢hips with or without

aeration (average. of two replicates).

- Dipping | Without | 40°c 409¢ 40%,‘0.045% E.
] .Time l}i'pm'ng . Control | 0.05% E | with Aeration
somin—| 406 413 42.6 427
’ L
f0 min 405 426 | 455 450
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~oxidase with the activity of 1500 GOU/g (powder form) ‘or

0.1% of glucose oxidase with the activity of 750 GOU/mL
(liquid form); temperature about 40°C; and dipping.time-of

at least 30 min.

However, even .urider the optimum conditions, the en

tféatment was not always effective in. improving the color of

—

~chips. It was noted that glucoég ¢ontent of potatoes played

a crucial role 1in determining whether observable color

imprdvement couid be achieved by glucose oxidase treétment.

When glucose content of potatoes was higher than 0.4%, the

chips made from these tubers were too dark in color, and the
effect of enzyme treétment could not be observed. Only with

the potatoes_ of marginélugquality with respect  to chip

production, i.e. with gluéosé contents between 0.2 and 0.4%,
did ‘the"enzymé treatment appear to reduce ‘the browning

coloration noticeably.

When potatoes of marginal glucose contents were used.

o

' _n 4 . o .
for making chips, ‘the improvement of the chip color, 1i.e.

the increase of . Hunter L-readings after,enzymé-ﬁreatment,

'was statistically significant. The increase in L-values was

in the range. of 2-5 units, which corfespohded to about 3-8
units increase of color-score on the Standard Color Chart.

The treatment offered only limited improvement in' the chip

color bedéuse of the complicated nature of “browning

‘reactions in the product.

The'b}owning discoloration o poiato chips depends not

'only'on the glucoée content,fbu alspo on the content of
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ofher chehicai kcomponen£s; such 'asv fructose, 5u¢rose,i-
ascorbic acigd and amino ac1ds (Wbrsch and Schaller, 1972;
'Shallenberger et al., 1959). Glucose: oxldase ox1d1zes
glucose to gluconic acid, thus blocking itmfrom entering the
browning reaction. However, othér .}eqctants, such és.
fructose and sucrose, can not' be oxidized by the enzymé,
leaving ‘them free to paftigipate' in theg noneﬁzymatic
browning reactions. The color of potato chips.is known to be
'vér} ée;sitive ‘to the reducing shgar c0n£ent. Agbpointod out
by»‘Smith‘ (1975b) potatoes containing more thanz 0.25%
reducxng sugars. rarely produced. acceptably colored potato
chips. Thps,‘even if all the glucose in potato slices were
"oxidQZed by glucoée oxidase, fructose ahd sucrose, Which
remdih Untouched, could still cause browning of " the chips
.through Maillard reaction and caramelization.

Furthérmorg, it was‘impossible that'all the-glﬁcose in
the. potato slices could be ox1dlzed by glucose oxidase.
WhlleQ the glucose on the surface of the sllces, or from
;damaged cells, “was available for the enzyme reaction, thé
glucose in the'undamaged~inngripart of élices'could not'be

&

easily reached by the enzyme.

~Glucose:- coﬁtents of potato slices with different
'tfeatmentsb are  presented in KTabfe 4.15. ‘The dipping.
treafment),either in water Foonﬁrol)for ih enzymé éolution,
reduced the glucose content of potato slices by up to 42%
&

However, the reduction by the, enzyme treatment did not~

apbear to be signiﬁicantly 'differen; from that by water

avo



C112

Table 4.17 Glucose contentt(%,‘w/w) of pota&o s}ices with

different treatments (average of two replicates),

)

&
Dipping; ‘ bipping‘ Glucose Content (% W/w )
Temp.( °C) ' Time (min) Raw Potato Contro‘l | 0.02 %
, | Slices | (Tap Water) [ Enzyme
3 | o032 0.24 023 |
20 60 027 019 - 020
90 B 0.38 0.23 . 0.22.
30 0.29. 0.24 0.19
30 60 032 0.18 0.18
90 - 037 . 0.20 017
4.3,,0 ' 0.25 0.17 016
40 60 031 0.18 0.16
90 10.28 0.12 0.13




: fq'; \ _ m. | . | i;H3
alone. The'results clearly showed that not all glucose c0u1d.
be.elimfnated from the slices, eitheriby leaching alone or
by leachang plus glucose ox1dase treatment. More than 50% of
glucose, not to ment1on _fructose_ and sucrose, rema1ned

basically in the inner tissue of the tnh& slices. Since the:

sllces were fried to near dryness, brown1ng react1g\ d<§:;ot‘

. occur only on the surface, but throughout the cross section

—

of the sllces,‘Hence, even if the brownlng of the surﬁace
was reduced, the intensity of the color .developed in the.
inner portlon of the slices would Stlll be the controlling
factor. ThlS was in contrast ‘with French fries, whereﬂcolor
of inner tissue did not develop.to the Samz extént, as will
be.dichSsed in the succeeding sections.z *
4 \
4.3.7 Color uniformity a:d fat content of enzyme treated
chxps | .

While the 1nten51ty of brown1ng of potato chips could
be measugedlln terms of Hunter'L—values, the un1form1ty of
the color on indivioua; ch@ps could not be so represented.
Samples treated ‘with ’glucosev»oxidase were usua11¥ more
uniform in color than the controilsamples (Figure 4.7f;'The
brown or dark spots and\rings in'potatolchips are usually

caused by ‘disorders of potatoes, such as sugar end, which

‘usually leads to h1gher reduc1ng sugar content (Iritani et

al., 1973) 'When treated with glucose oxldase, the parts on
B . . . ‘ ‘gn N ¥ " . §

the slices with high reducing sugar contént might favor the

enzyme reaction. Therefore, the enzyme treatment was apie.to.
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. reduce the broyning on such spots, thus improving éhe
unjfbrmity of color of the chips. However; the enzyme
;reatment'had some'diéadvantages in thé'production/pf potan
chips. Not -only did it'increase.thé cost .of producéion due
~to this “additional treatmenﬁ, but it increaged the oil -
content of the chibé. As discussed previously, ' chips
‘.producea from tgé slices dipped in either water or enzyme .
solution absorped more oii than those from slices not dipped
(Table 4.12). Hfghv 0il content of potato chﬁbs is
undesirable «o tﬂe processbrs’ bedause"oﬁ the greater

consumption of .fairly costly oil, and to the consumers

because of high calorjc values from the oil.

4.4 Enzyme treatment of French fries

4.4.1 Pré¥£rying treatment of French fries

4.4.1.1‘ Various pre-frying freatments and color of final"
products | | -

French fries could be madevby either directly frying
afﬂe potato strips;in hot'dil, or by first giving the strfbs:A
various pre—frying treatments, e.g. blanchiﬁg:*The bianchiqg
procéss could be achiéved by using. live steam under
atmosbﬁeric pressure, or with hot ‘water at various
temperatures: Pre—frfing treatment$ affect> the quality of
.French f;ies, espegially-the'color of.the products. Various
.{pre—frying treatménts were empl d in .this experiment in
order to ,determfhe ‘their effect on the color of French

N

\ . - i A«
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- &mﬁ‘%g& st ) L . BN
| ‘Eries. The color scores of French fries with various
pre-frying treatments are present%d' ih Tablé‘ 4.18. Steam
élaﬁ;hing was barried.OUt wi£h'live stéam under atmospherip
pressure for 7 min., The hot. water blanching was. the
simulation of the blahching procedures employed by I & S
Produce Ltd., as discussed in section 2.3.2. As ﬁhe score
for the{daékest.samplés on the color standard was 4, with
the lightest being 0, samples that were darker than 4 weré>
given ba sdore of >4, The commefcially acceptablé Frehéh
fries u5ua11y7score‘§n'theArange of 1-2 (Weaver and Nonaka,>
1976) . W |

~ Using potatoés with glucose content of approx. 0.5%,
Frenéh fries ' produced without blanching Aqr Wﬁth steam
blanching were too dark in color, beiqg scored higher than
2, while thogé produced with hot watgg blanching were too
‘light, with scores <1. Even with éétatoeS'containiné as muéh
as i.O% ‘glucose, fhe hot-water .blanching treatment still
enabled £he production of French fries with acceptable color
(score <2), It abppeared that, the color of tﬁekErengﬁjﬁrLes
was debendent on the extent of leaching of soluble solidg
from potato strirw 1oring thg various pre-frying treatments.
To this end,: th™c . wsa-er blanching was:the most effective

.

treatment to «z - . ' aclutes, especially sugars. In steam

blanching, a gpos=ible loss of solutes was through “the
igzzTékvsqndensatin; oL steam on the strip surface, which
subseduently dripped from it, and this appeared to be

‘minimal since French fries subsequently made were still very



Table

4.18 Color

scores of

French

fries
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with different

- pre-frying treatments (average of twa replicates).
' ) . .

LA

Hot wWater

Glucovse Without ‘Steam
Content (%) Blanching Blanching ‘| Blanching
0.41 E '4» >4 | 05
052 >4 >4 05
1.0 —_— _ 15
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dark. In faét, the leaching .of solutes\dur{hg the hot water
blanching was 'so severe that tﬁg blanched strips had to be
dipped in a glucosé solution to achieve the desired French
fry color. This is the commo® indﬁstfial practice; which
results inkhigher'pfoduction costs. Furthermore, excessive
loss of soluﬁes causeé the loss of some desirable flavor,

texture and taste in the product.

4.4.1.2 Effect of different blanching methods on flavor aﬁd
textu;e of French fries '

Because of;the foregoing disadyantages of’ hot water
blanching in the production of Frenéh fries, various
attempts had been made to replace or eliminatéAhoé water
blanching. These included Asdrface~freezing and warm water
leaching‘ of potato strips (Weaver et al., 1972), and
pre-frying and wiker leaching of potato strips (Weaver and
Nonaka, 1976). In the present investigation, the merit of
the steam blanching “in .retaining désirablé flavor of the
fries wa; recbgni;ed, and it was thopght that it might be
possible to impréve the color of the fries with glucose
oxidase treatment. Before proceeding with the treatment,
‘howeger, it was necessary to determine whether, in fact,
stéaﬁ blanching produced Efench fries of.superiof sensory
quality, except for coldr,atvaater'blanéhing. To do this,
potato stripé were steam blanched for 7 min; féllowed by
immersion im 35°C wSter for 15 min, to simulate tﬁe enzyme

treatment before frying. The flavor and texture of the fried

products were compared by 35 untrained panelists with thosé



wafer blanchéd at' 80°C for 15 min, as described by Brown and
Morales (1970), before ffying. The sensory resul:&?}are
presented in Table 4.19.

The sensory test results revealed that 24 out:of 35
panéliSts chose the prodﬁct wiﬁh steam blanéhihg to . have
stfonger flavor than that ‘with water blanching, whiéh was
statistically significant ap—P=0.05: On the other hand, and
of similar significance, 24 out of 35 judges indicated that
French fries made with hot water \blanchi;g had a better
texture than those with stéam blanching. hé superibr
texture of French fries with hot water bianchlng.might be
dqe to the activity of enzymes such as pectin méthylesterase
during the blanching. Pectin methylesterase was‘activated.by
low temperature_blanching (70-82°C for 3-15 min) (Lindsay,
1985). The enzyme hydrolyzed pectic substances on potato
.cell wall and middle lamella to produce pectinic and pectic
acids. ca?®* released from the partially gelatinized starch’
woﬁld form bridges with carboxyl. groups between adjacent
pectin chains, causing the potato texture to become firmer
(ﬁaydar et al., ,198Q). However, pectin methylesterase was
- inactivated if blanchin% was performed at 88-100°C for 3 min
(Lindsay, 1985). Therefore,.similar activity would not be
possible during steam . blanching. Nevertheless, this
expefimeqt confirﬁedmthat steém blanchiﬁt,deservéd further

investigation if color problems could be solved, and glucose

oxidase might serve. this purpose.

t/
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Table 4.19 Evaluation of flavor and texture of French fries

produced with steam blanching and water blanching, 'by 35

.y

~

untrainéd panelists. ’ ,

Number of Judges Voted

French Fries With™ | French Fries With

Steam Blanching Hot Water Blanching
Stronger : '24 * R '
Flavor
Better \ x

1 . '

Texture 24

=S
» : pair comparison inqicates siginificant difference at P = 0.05
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4.4.2 Enzyme treatment of French fries

For glucose oxidase treatment of French fries whjch had
been steam blanched, the effect of enzyme concentration,
treatment time and temperature was studied d;ing Hunter
L—feadings of the fries, glucose content of potato strips,
and the pH of the dipping solution as the criteria.

4.4.2.1;Hunter L-readings

The Hunﬁer L-readings of French fries tfeated with
glucose oxid;se solution at various concentrations,
temperatures and times aftér steam blanching are shown in
Table 4.20. |

Duncan's Multiple Range Test revealed that in Run 1 the
Hunter L-readings of all enzyme treated samples were
éignificantly higéer than those of the control (P=0.01),
However, L-values of saﬁples treated with enzyme at
different concentrations did not differ significantly from
one another, althoﬁgh the higher the concentration, the
highef the L-value. ‘
In Run 2, only Treatment ,IV (0.20% L.E.) prodhced

b

French fries :-having significan higher Hunter L- dings

(P=0.01) ‘than Treatment I (control), but Tre
(0.05%) and III (0.10%) were not significantlf different
from the control. Nevertheless, the trend was that the
higher the glucosgioxidaée concentration, the greater the
color improvement.

The length of treatment.time algo affected the color

significantly (P=0.01). The longer time produced a lighter
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'I‘able 4, 20 Huﬁter L readmgs of French fr1es treated w1th n,)

var1ous enzyme levels (average of three L- readlngs)

~

-

[

3 ;
- Treatment Conditions "Hunter-L Readings
L “ - ‘ N ) ' v :
Run | DiPPing | DIPPING | congro)!|.0.0S % | 0.10 8.1 020
~ o |Terp.(°0)|Timemin) | LE2} LES| LES
s o v ) 278 | 282 | 287 | 293
S TR 150 . 28.7 299 .296 |.30.0
R R “10 \ 278 | 287 | 292 28.3
‘ _1.5 29.0 303 | 30.2 30.2
. 0 | 287 | 287 | 287 | 301 -
& | 15 295 | 293 | 299 309 .
~Run 2 — — —
A 10 302 | 315 | 302 | 305
35 i S SRkt :
L 15 312 | 325 | 318 | 3238
. lintep water @
e bl ,; .. N
2 liquid enzyme f T |
g
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' colored Frenqh frles,.essentlally, it was bel1eved due more“

to the leachﬂng of solutes than further enzymat1c reactgon.
~ This was because the rate ~of dlffu51on of solutes from i

pqtato strlps structurally damaged by | heat durlng steam
- i:
. blanching was much faster than_nfrom‘;raw potato strips

© (Vukov, 1977). In fact, it was observed that dipping, either -

in water or enzyme solution. beyond 15 min resulte” "in

"‘ French fries of unacceptably light color.'

' The effect of temperature was not 51gn1f1cant in Run 1,

ey

was ‘highly 51gn1f1cant in, Run 2. Higher treatment’

'ftemperatures, usually - prodUCed French fries' with higher

”-Hunter L- readlngs, 1nd1cat1ng a greater enzymatlc act1v1ty
.;“and/or faster,leachlng of solutes at,hlgher temperatures.

ey

Generally, the glucose oxidase treatment resulted in as
» ; . ' : . . . ) . . ‘,‘ . : . .
. much as-a 1.5 unit increase of Hunter L-readings. This was

équivalent to about a 0.8 decrease of.color score (i.e.

h'giighter color). Also, the color-’uniformity' was improveq’
slightly‘by thetenzyme treatment (Figure.4.8).

4 4.2.2 Glucose content of potato str1ps and pH values offfwe

\

d1pp1ng SOlUthﬂS N B _— f

!
Ll
\

The glucose content (w/w, dry basis) of potato stripsy‘
” w1th various treatments is presented in Table 4, 21

“} :
The decﬁease of glucose content in both,runs, caused by

x,’ -

“the O 1% llquld enzyme treatment -and ‘by dipping in watervntj
(control)uafter steam blanching; vas statisticaI}Y»signifif
‘tgcant_(P=0{01) when compared with raw potato strips. Glucose

"content in the enzyme treated samples was significantly’

-
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" Table 4.21 Glucbie content (% dry»basis) of pOtaté s;fces: 2

‘with various ‘treatments (average of two replicates).

.| Dpipping* | Dipping—I—Rew 1| 010 %
Rurh ., 09 : PP g. | Control OL £2
- : Temp (°C) | Time (min)| Potato nE
= o 10 272/ 238 1.88
> ‘ 15 2.72 2.05 1.85
Run 1 —-— } . ‘
S 10 2.78 2.06 1.86
35 ‘
15 278 1.95 1.82
o 10 | 308 292, | 257
25 . ‘
| 15 3.08 242 | 226
Run 2 _ —
o 10, 3.03 281 |, 228
35 j 0 g :‘;«_L‘ .
£ .15 303 | 211 Y2.05
1 intep water - -

Lo -2 liquid enzyme -
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By

o

with ‘steam .blanching

Figure 4.éf French fries produced

followed by direct frying (no’ treatment), or dipping in tap
water (controi), or in,liQUidvenzyme'(L.E.), Dipping was at

25°C for 10 min (a) or 15 min (b).

&



_lowér (p=0.01) thén ghat in thé contrél. ﬁowever,
Zempefathre and timg of dipping\had no significant eﬁfect\og'
glucose content of the Sahples. - . BN
The reduction of glucose content in French fries by
glucose oxidase treatment appeared ‘to .be lngch fizﬁer_ apd
color improvement more apparent thanﬁin potato cﬁgﬁé, This

" difference might be due to: (1) higher glucose tontent in
. potato Eubers fér French friés'(0.6%) than.for pqtato chips
‘(0.3%); and (2) faster diffusion rate of glucqse'in steam
blanched French fry strips than in .intact %hip slices.
Potétoes with lower Jlucose content had to be chosen for
chipé -because*ﬁéhip color is much moret sensitive . to high

| glucose content. Therefore, the substrate coycentration for
enzyée reaction in the tréatmgntvdf potato strips was almost
"ce that in the enzyme.- treatment.;)f ﬁotato_ slic,es.; As the
ra%e~ limiting factor for the enzyme reaction might be
glucose concentratién, as discussed previously, fhe reaction
rate in thé treatment of potato strips could bé!much faster
than in the treatment of potato slices. ;Lrthe:mdre, the
diffusion rate of glucose in steam blancﬁed potato Sfrips
was.hést‘likely'fastef than thaf in intact potato slices
(Vukov, 1977). Thus, the 6otéto strips would be more likely
to provide more glucose to the strip surféce and to the
dipping solution. _ | |
"The production of gluconic acid by the enzyme7c0uld
also be used as an indicator . for the,éﬁzjme activity. The

"y

amount of the acid.produéed céuld be related to the change
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in'the pH of the dipping solution. The pH‘s of the dipping

~solution for various treatments are presented in Table 4.22,
Whlle the pH of the control remained constant, the pH's

of enzyme solutionsidecreased as'the treatment progressed.

The decrease of PH was greater in the solutions of higher

h -

enzyme concentration, ThlS indicated that more glucose was
oxidized when potatoes were dipped in the solution of higher

enzyme concentration and for a longer time..

4.4.3 0il content of French fries prepared with various
treatments | | '

As *in potato chips, the o0il content of French ‘frles
concerns both processors and consUmers.~Variods pre-frying
treatments 'mlght -affect the oil content of the final
praducts. The o0il contents ofofrench fries prepared Withf
;d;fferent procedures are presented in Table 4.23. "The
results of Duncan's Mult1ple Range Test of the oil contents
are also presented (Table 4/”4)

Factorial ANOVA indicated no zsignificant difference
‘between replicates or different dipping . temperatures’
However, the . o1l content of hot water blanched samples was
51gn1f1cantly hlgher (P=0. 01)-than that of the othernthree
treatmentsL Among the steam blanched samples, there was no
significant difference (Pé0.0S) in oil- contents of French
fries withldipping treatment in nater or in enzyme solutlonl

However, 'the oil ontent of enzyme treated samples was

51gn1f1cantly h1gher (P 0.05) than that of samples WlthOUt

L4
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Table 4.22 pH of various dipping solutions' (average of two

\replicates).v‘ ' ' R t '
Dipping Enzyme | Begining 10 min 15 min
!
Temp(°C) | Level | Of bipping Dipping Dipping .
Control! | 6.4 " 64 | 64
- 0058 LE2| .64 6.3 6.2
25 . R —
T | 0.10RLE..[ 64 6.2 -/ 6.1
: N I =
0.208LE | 6.4 6.1 ¥6.0
Control 63 63 6.3
0.05% LE. 63 | &1 | 6.1
35 1 —
0.10% L.E. 6.3 - ‘6.1 * 6.0
0208 LE | 63 60 | 59
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Table 4.23 Oil content.of French ffies‘prepafed with various -

processing procedures (averagetof two replicates). -

4
t

o

0il Content ( ® drybasis)

Cg:\zil)l?c?ns Hot WAterl -S@eamBlan? Steam Blen. Steafn Blan.
A  Blanched | No Dipping | Control3, | O.1%L.E?
s50c | 1545 12.37 q1.14 12.36 -
15 mi"‘. 16.99 11.81 12.76 13.38
350C 16.46 11.96 13.10 1477
ISmin | 4562 11.30 1515 || 1400
1 800¢C, 15 mih‘.
2 7 min .L'm‘der atmospheric préésure h

3 dipped in tap water following steam blanching
N “ . °

4 liquid enzyme

A

»
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Table 4.24 Duncan's l;ultiple Range Jest of 0il content
. - Y
French fries prepared with various pre-treatments.

o« P

Treatment s Steam Bln.,. Steam B]n, Steam B]n Water
\  NoDipping  Control  /0.1%LE. Bln.

/

Means of 0il /

: -13.04 13.63 16.13
Content(R) 11.86 , ,_ S
5% Level : ' *
~
1% Level

* indicat'in,g no significant difference among treatments on

-the same line

129
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dipping.
The oil content of French fries might be associated .

with the extent of leaching of solutes .from. ?rcnch fry
strips durtng the.pre;fryihg treatm:nts. It was the jowest
in French fries pre-treated with steam blanching but Qithout
dipping, where virtually no leaching.of solutes occurred. In
fh& samﬁles with hot water blénthiné, fhe ‘leaching of
_,Eélufes was severe, and the oil content was the highest |
| among the four treatments. Thus, the leaching of solutes
resulted'not ohly in the loss of flavor~comp6neﬁ£s,‘but also
in the increase of oil content of fried pbtato‘produ;£s.
Glucose oxidase treétment not only i&proved color of the
products by reduction of glucdse content, but also minimized
the loss of flavor by reducing the leaching of solutes. :

4.5 Sensory Evaluation of Fbaéof of Enzyme Treated Potato

Chips' and French Fries .

Sensory evaluatién was carried out to determine whether.
the glucose oxidaseAtreatmenf impérted.any off-flavors on
potato chibs_and French fries, wusing a descr&ive test
éomparing two samples, énzyme treated énd control.

. Of 17 judges who participated in sengory eVélua;ién,
none reported any off-flavor on enzyme treated!Potato chips.
Thirteen out of 17 judges found no difference in 'flavof
"~ between the control and enzyme tpeaﬁed»sampleé. Three judges,

reported tha;_the control sample was sweeter than the enzyme

treated ones, while one reported the reverse.

- ‘ )
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of 17 judées, none reported any off-flavor on enzyme
treated French fries. Twelve out of 17 judges reported no
difference in flavor o@i'enzyme treated sample and the
control, ‘Four iudges found that the control was sweeter than
th@ enzyme treated' sample, while one judge réportéd the

reverse.
Therefore, glucose oxidase could pe used to improve
color of potato chips and French fries with -no undesirable

effect' on the—flavor of the products.



5. éONCLUSIONé AND SUGGESTIONﬁ FOR FUTURE RESEARCH
.

5.1 Conclusions

The present study investigated the reaction!proberties
of :twg, commercial glucose oxidase preparations and the
application of the enzyme in minimizing the undesirable non-
enzymatic browning in ifmato chips and Fteﬁoh éries.*The
cénditions under which the enzyme .treatments were carried
out.a;d the effects of these treatments on Ssome physical and
sensory propertiés of potato chips and French frieQ were

‘also examined. The following are some conclusions that may

be drawn from the results-obtained.

5.1.1 Activity characteristics of glucoSe oxidase
1. The assayed activities of the gwo commercial
" glucose oxidase .prepa:ati%ns (2870 1U/g for DeeO powder

enzyme and 1560 IU/mL for Fermcozyme liquid. enzyme) were

much higher -than the declWred activities. o o

2. The Michaelis constants for the powder and liquid
enzyme prgparationg were quéq, M and 0.026 M glucose,

¢

respectively. f{@”}tk

3. Thé optimum pH<for&éﬁ;yme reaction was about 5.0
~for powder enzyme and 5.5 foﬁ liquid énzyme. Both enzyme
preparagions had a relatively broad effectivé pH range of 4
to 7. -

4, -Tempefature, in the .range of 25 to 40°Cc, had

‘practically no effect on the reaction velocity of the

132
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enzyme,

5. Glucose oxidase lost its activity at 255°C. Liquid
preparation had a superior thermai stability to powder
enzyme,

.
5.1.2 Application of the glucose oxidase treatment in the
production of potato chips and French fries

1. The color of potato chips, in terms of lightness
and uniformity, Qas improved by glucose oxidase treatment.

2. Improvement of color in potato chips’was.possible
only when the potatoes used contained <0.3% glucose. The
greatesé benefit of the enzyme treatment was, therefore,"

obtained when the potatoes were of marginal quality for chip

production with respect to glucose content.

3. To obtain optimal results, enzyme Fréatment could
be carried out.by.dipping the potato slices in 0.05% (w/v)
Dee0O powder - enzyme solution, or inéG.lo% (v/v) Fermcozyme

ligyid enzyme at 40°C for at least 30 min, and preferably 60

min. .

4. In the p;qpessing of French pries, steam blanching
of pétato strips: avoided the §é§;re loss of ,flav?r
componénts which was normally encountered in hot water
blanching. ¥ v

5. The discoloration of French fries prepared with
steam blanching could be minimized by leaching the blanched

potato strips in water at 35°C for up to 15 min before

frying.
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6. The glucose oxidase treatment of steamFblanchedJ
potato strips reduced the browning of the French fries and
made the color more uniform in comparison with the water
leaching treatment.

7. The enzyme trgatment could be carried out by
dipping the blanched strips in 0.20% (v/v) Fermcozyme liquid
enzyme solution or in 0.10% (w/v) DeeO powdeg eni;me
solution at $35°C for up to 15 min., |

8. Potatoes containing as much as 0.6% (;/v, wet
basis) glucose could be used to produce French fries with
tacceptable color by steam blanching followed by glucose
oxidase treaément. -

9. The glucose oxidase treatment had no adverse effect
on the flavor of potato chips or French fries.

10. The dipping treatment, either in water or enzyme
solution, resulted En higher oil content in potato chips
than that in the chips produced without dipping. However,
steam blanching foilowed by dipping in water or senzyme

solution produced French fries of‘ower 0il content than

those produced through hot water blanching.

5.2 Suggestions for Future Research
1. The activity assay methoq for glucose oxidase needs

further 1investigation, Various assay methods: should be

' comparéd so that the confusions caused by some assay methods

can be clarified.

<4



2. The present pro:ect in this lab ‘focuses onf'the
app]lcatlon\of glucose ox1dase enzyme in the proce551ng “of

- potato granules, potato ch1ps and French fries. The

'h‘appllcatlon of the enzyme could be extended to prevent or

'hmin1mxze fthe unde51rable nonenzymatlc brown1ng in -other

dehydrated potato products,? such as (pgtato flour,d diced
. L 4

potato;?, shoestrlng potatoes and potato flakes, in which

sUlfites ‘have often been gsed as anti- brownlngvgagehts

'(W1llard 1975; Kueneman, Q\T975)f " The studyf“‘on - the

app11cat1on of this enzyme could also be. extended ¢o other

L3

food commod1ty€; wh1ch suffer -from -a 51m11ar uridesirable,
t

) R4

nonenzymatlc reaction.

3. The steam blanchlng and water leachlng process for
: &

French fry productlon needs a more thorough 1nvestlgat10n.'

ﬂsm

"The surface cellular structural damage descrlbed 1n two u.s.

‘_(weaverland'Nonaka, 1976) could be achleved instead w1th

patents, ile.s the sutface- freez1ng process (WeaVer and

Hautala,‘ 1972)"and the pre- fry1ng water- leachlng process

e

!
v

,.steam blanching ‘If the steam blanch1ng of potato str1ps was

carr1ed out at high temperature (hlgh pressure) for a short

-per1od of ttme, the structural damage could be conflned to

w

jonly ;theV 5urface; layer ~of potatdﬂ strlps. Thus, thé

_subsequent water leach1ng would remove solutes from the

-~

surface. layer only. By steam blanch1ng the strips aga1ny

4

3 v
after water leach1ng to heat them more completely or frylng;

the strlps d1rectly, the severe;loss oﬁ.flavor components‘

!
i
1

vassoc1ated w1th water blan hing’could be avoided. Comparing

: - . . u‘ . o 1 B N b
. e ‘|
— T . Y . . .
5T B N . \ .
R . ¥ .
3 . e 3 -
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" this to the patented surface Efeatments,'thq,steam:blahéhing
process has~advantages such as ease Qf operation, low cost,
and no chemical substances are introduced to the products.

' : et ' S _ .

" .

-
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