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A COMPARISON QF EEZYME CONVERTED STARCHES
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ABSTRAOY
A literature survey shows em increasing tremd in the direction of
using ensyme couwerted starch tud sizing solutions in paper making.
Bacterial slpha amylase secus imdicated ss tho best available ensyme
for this type of ponversion.
Little or no infermation concerming the differences in siging sole
utions prepared from different warietios of starch wns found,
iaboratory work ecmpering sorn and potato etarch, both enzyme
onverted under comparable conlitions, indicates a conclusion that
the optimm point of starch conversion is obtaimed by using the mine
imum oongentration of engyme whigh is capable of preducing the
desired siszing solution visecosity,
rotato starch secoms to possess the property of reashing siszing
visoosities at a lower emzyme eonversion concemtration than eorm starch,



Introdustion

This survey of literature comeerning surface siszing and enzyme cone
version has been undertaken in an effort to compile in cme paper those
factors important in these two closely related, but separately reported,
subjects. In additiom to this objeotive, the literature dealing with
speoies variation in starch has been investigated so that an experimental
program may be undertaken to determine any correlation which may exist
between the natural scurce of a starch and its sultability and effective-
ness for use as an ensyme converted surfuce sising medium,

The Evolution of Surface Sising

The use of starch in the modification of surface characteristics
of & writing medium may actually be older than the art of paper manufacture
itself. Acocording to Dard Hunter (7), the first surface siszing of paper
with wheat flour was done about TOOAD; however, the siszing of papyrus
sheets was carried out by the Bgyptians and Romens as early as 2000 BC.

This surface sizing process, until relatively recent times, was
earried out by preparing a starch bath at vhatever viscosity and concen-
trotion the natural starch and the whim of the papermeker dictated,
dipping the loft dried or wet-pressed handsheets into the bdath, pressing
out the excess starch sol, and redrying. Quality control, in the sense
of making a reproducidble product, was practically non-existent, but sheets
were produced with the desired property of showing 1little ink feathering,
even with coarse quill pems and the erratie inks of the peried.

In modern practice, the utilizetion of starches modified by acid
hydrolysis, oxidation, heat dextrinisation, milling, or enzyme conversion
has provided a virtuslly limitless range of starch viscosities, all pro-
duoed at & purity and standard comsistent with the reproduecibility demand-
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od by modern industry. For the purposes of this paper, the chemically
nodified, heat modified, and mechanically modified starches will be dise
missed with but ome thought; these modified starches are produced to
certain rigid standards and each modification is best for ome specific
set of working conditions. Ensyme conversion, on the other hand, may
be sarried out by the staff of the using organigetion to meet a wide range
of operating eonditions or specifications, thus giving a flexible and
highly useful tool to a paper mill making a wide variety of grades of
raper.
Advantages of Ensyme Comversiom

The flexibility menticned above makes a study of enzyme conversion
partioularly valuable to the tsehnical men and the producstion men of
the paper industry. In addition to this factor of flexibility, Casey
(3) (4), Kerr (8) and Bingham (1) state that conversion of starch in the
mill by ensyme sction permits operation at a lower cost than when
the more expensive modified starches are used. The additional economie
advantage of sinplified invemtory control with a stock of only one
type of starch for severasl end uses makes this form of modified starch
highly interesting from the viewpoint of dollars and cemts. Kerr states
that there has been a heavy shift in the direction of enzyme comversion
for the tub sizing prooess, particularly in recent years, and Casey (4)
states that some mills use engyme converted starch in the water boxes for
oalender application.
Ihe Purpose of Surfase Sising with Starch

Surface sizing with starch is limited to the application of a film
of starch at the wet ocalender stack, in the sisze press, or in a sisze tub.
This excludes lamimating adhesives, coating adhesives, and beater starch
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from oomsideration in this paper. Surface sising, sceording to Tucker and

his agsociates (18), has as ite primary purpose the prevention of feathering
in writing inks, the closing of the surface of a sheet, improvement of scuff

resistance, and the laying of fuss.

A survey of the boxboard industry (17) showed that many mills uee
starch on the calenders for the purpose of reducing the pemetration of
vehiole in stoek for printing with gloss inks, It must be pointed out,
however, that this survey showed a grest diversity of opinion. Of the
28 mills reporting, only two mills replied that they were using enzyme
converted starch for this purpose. Both these mills seemed to feoel that
they were obtaining satisfactory results, and mo mill reported dissatis-
faotion with engyme converted starch., tWhen all factors are oconsidered,
however, only generalities in this report are of significance, It may
be said that the wast majority of the mills reporting felt that starch
was the cheapest and most effeotive sising agent for this applicatiom,
but that agresment on how this starch was to be used for maximum effect-
iveness was completely laeking.

Zhe Trend frem Beater %o Tub
Although the above mentioned purposes have lomg been regarded as

basie in surface application of starches, the use of low viscosity starches
in the tub or sise press often brings about highly desirsble side effests,
usually associated with beater stareh. Applicantion at low viscosities
permits high concentrations of starch in the bath plus greater penstration
of this highly oconcemtrated sol into the sheet with a subsequent improve-
ment of bursting strength, stretch, and tensile streamgth. Indeed, Casey (4§
states that modern papermill practice shows a definite trend toward moving
starch from the beaters to the tud or size press where no white water




losses ere encountered while physical properties are improved, It is even
possible to obtain 2 slight but measurable inorease in strength by eal-
ender application.
Engyme Classification

Following this brief outline of surface sizing with starch, a cone
sideration of the basie classification of enrymes is of importance.
Engymes are, by definitiom, complex protein molecules whish serve as
organic catalysts by accelerating sreoifie transformations of material.
They are gemerally clessified and memed with reference to the resetion
eatalynmed. The two primary groups of enmymes are the hydrolases, catale
ysing low energy level hydrolysis resctions, and the desmolases, induoing
greater energy change reeactions., According to Wallerstein (21), smylases
end proteinases are examples of hydrolytic enzymes, and oxidases, reduct-
ases, and gymese ere examyles of desmolases.

imylases, those enzymes governing the hydrolysis of amylose and
emylopeotin, the component fractions of starch, have been carefully
studied and many exocellent reviews are available (13) (14) (18).

imylages are classified in either of two ways, ascording to the prod-
uets of hydrolysis or asscording to the sourcs of the amylase. The alpha
or dextrinogsnic amylases bring about liguefaction of starches with the
production of relatively high polymerie dextrins as the major reaction.
The beta or dextrinogenio amylases influence = hydrolysis to simple sugars
with maltose as the predominating type. In sddition to the maltose,
sbout 407 of the original starch is mot completely hydrolysged and remains
as alpha emylodextrin, since beta amylase bresks only the alphe 1,4 gluco-
sidic linkages in starch, stopping ection at the anomolous branching

points, commonly thought to be 1,6 glucosidie linkages.
This residus probably consists of the remnants of the amylppeotin
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fraction of starch which Myrblick (12) has reported om. In addition to &
thorough search of the literature on emylopeetin, he reported work of the
Biokemiske Instituted of Stookholm, Sweden, which seems to substantiate the
multiple branching theory of Neyer (9), who states that smylopeotin
structure is similar to that of a maple tree as opposed to the theories
of Haworth with his laminated structure and Standinger who proposed a
side chain hypothesis. (See Figure 1)
Source Nememslature for imylases

Classified according to source, the enzymes are named with reference
%o the material from which they have been extracted. In this system,
we have malt amylase, & mixture of alpha and beta types; fungal amylase,
primarily alpha amylase; bacterial amylase, also alpha; and animal amyle
ase, which may be either alpha, beta, or a mixture. Since a low conver
sion to sugars is desired in surface sising preparations, the alpha amyl-
ases are of major importance to the paper industry and sources high
in alpha amylase are to be preferred. Under comparable conditioms,
amylases from different sources exhibit differing degrees of thermostabdbile
ity, being gemerally ranked in the order of bascterial, most stable;
malt, intermediate; and fungal, least stable., As o gemersl rule, slpha
amylase is more stable with respeot to temperature tham is beta, causing
higher temperatures to favor liguefaction and lower heat levels to favor
saocharification when an amylase of mixed alpha and beta type is used.

Since the process of extrasting high purity enzymes from the natural
sources is expensive and difficult, most commeréially available enzymes
are only partially purified and comcemtrated, thus making the brand of
enzyme selected & major variable in any ensyme conversiom. As long as the
brand selected ocmes from & reputable concerm and the instructions of the
mamufacturer are carefully considered, a standardized produetiom is quite
possible.

-'-
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Starch structure according to Haworth
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Species Variation in Starches

Another basis variation in the enzyme comnwersion process is the source
of the starch used, iccording to Meyer (9), the native source of a starch
may govern its end wse primarily beesuse of the physical and micellar
structure dictated by the biochemical symthesis in the paremtal plant,
These differences may easily be appreciated when viewing the starch grene
ules from different plant sources under the misroscope. Sjostrom's
excellent work on the microscopy of starches (15) shows the different
charasteristic forms quite clearly. This study also leads to a measuree
ment of the average granule sise of the warious starches, which range from
70 miorons for potato and sago starch to § mickoms for rice starch. Corn
starch, with an average major axis length of about 15 miecromns, is of ine
termediate size as is tapiosa staroh, the other common starch of commerce,

In eddition to particle size warietion, specles differentiation
is reported as showing up in average moleoular weights. The work of
NMeyer and Rathged (10) as showm in Table I, would show a wide variation
in the case of potato and corm starches. The lower molecular weight of
the potato amylcss fraction might well explain at least a portion of the
mystery of the lower gelling tendencies shown by potato starch as compared
to corn starsh, while the higher average weight and attendant ramification
of micsllar structure of the amylopeotin portion might be a basis for exe
plaining the sinsitivity of potato starch to the action of salts and
mechanical shearing foreces.




Particle Size vs. Eass of Conversion

Since Barnett (1) has stated that ocertain users of starch in the
textile industry prefer potato starch to corn starch for enzyme comvers-
ion, an attempt at a laboratory comparison of the two starches in enzyme
eonversion should be a wvaluable project. Although the problem of “ealling
your shot" before actusl investigation has taken place may lead to sad-
dening results, the two basic distinotions mentiomed above may be applied
to the problem in sn attempt to prediet the probable result of a practical
investigation.

The matter of particle size may be tied in with the work o Mullen
and Pasou (11) who found a direct correlation between particle size and
ease of dispersibility in starches, with the largest particle sizes
exhibiting the maximum dispersibility. (See Table II) Kerr (8) in
his chapter on conversion of starch, states that corm starch is pare
ticularly susceptible to "packing” and "chammelling" with the result of
an ureven conversiom in the acid process.

Jallen and rasou, reference Ll

Sinoce the action of an enzyme, as & catalyst, must take place at the
interface between the water end the starch granule, it would seem that the
starch having the maximum dispersibility would require the smallest amourt
of enzyme for comversion in a limited time period. It would also seem to
indicate the possibility of a maximm of effectiveness im the uniformity
of eonversion. This oculd easily be ome of the basic factors behind the
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mreference expressed by same textile mamufacturers.
Molegular Weight

Consideration of the molecular weight distinctioms between the dif-
ferent starches is also of interest with respect to conversion. The
previously mentioned lower moleoular weight of the smylose frastion
and the oonssquently lower degree of polymerization would indicate the
possibility of higher sugar formation or saccharification of this pertion
of starch when potato starch serves as the hydrolytic base in enzyme come
versiem. The gelling temdencies should be reduced beyond their normal
low peint, however, in a very short time,

Aotion on the larger amylopectin molecules of potato starch would
be limited by the more extensive branching sinoe the enzyme is apparently
wnadle to cause the rupture of the 1,6 glucesidic linkage which seems to
oocur at branching pointse This would probably leave as the limit
dextrin, amylodextrin, or Schardinger dextrin, a larger molecule of
greater adhesive power than in the ease of corm starch, but would leave
e smaller mumber of these molecules in the oolloidal dispersicom,

Another viewpeint of interest which is related to these views is
that expressed by Houts (6), who believes that each starch has a definite
state of maximum oolleidality, To reach this state, the starch is cooked
to a point where it most #deally fulfills the definition of a true colloide

-al disporsion and is, therefore, most effective as far as its film strempth

is comverned, His work indicates the point for the common starches he
tosted and is of interest in any investigation imwvolving the cooking or
gelatinigation of starches. (Ses Table I1I)




Tapioca es 0
Corn -1 (&)
Potato 96 10
Sweet Potate 96 20
Erom Houte, reference €

Seven Rules for Enzyme Conversion

In sny enzyme eccuversion, certain besie factors must de kept in mind,
Acccrding to Seversom (16), there are sevem gajor features of importance.
These are summarized and exrlained as followss

(1) Ihe rate of sneyme destruction increases with inoreasing tempe
erature. Fnzymes may be readily immctivated by low temperatures, but sre
destroyed only by the enviromment of elsvated temperatures. Prom a jeactical
point of view, therefore, sach degree of inoreased temperature is destroye
ing o greater percentage of the engyme being used until the entire sum
of enzyme moleoules is destroyed or inmctiwated by exposure to boiling
temperstures. The lower the teipereture of sonversion, therefore, the
lower the rate of destruction of engyme and the greater the mmber of
molecules of effective enzyme left to porfom the sonversion.

(2) Znereesing temperature increases the sotivity of the snsyme.
This postulate 1s femilier in chemistry, beine given as the temperature
opefficient of reaction in chemistry courses, showing as 2 rle of thumbd
that the rate of resction doubles with esch rise in tempersture of 10°C,
This factor, however, is limited by (1) above emd holds true omly until
the rate of destruction of enzyme balances the increase in activity due
to temperature. The combination of these two factors governs the most
effective temperature of reaction. (See Figure 2)

(3) Ihe higher the i, wp o 7.0, the more stable is sirhe smylase

-)? -
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with respect to heats In other words, the most effective use of the

balance point mentiomed previcusly is in an absclutely neutral sclutiom,
providing all other factors are carefully elimimeted, Imoreasing
either acidity or elkalinity decremses the thermostability of the ensyme
and moves the optimumm balance point mentioned im (2) to a lower temperaturs
thus decreasing the efficiency per pound of enzyme purchesed. (See Figre 2)
(4) Motal sits affeot the stabllity of enzmes. Although the
engymes are themselves corganic eatalysts, their degradation or decomposition
may be favored or inhibited by certain imorganie catalysts. The caleiwm
ion hes a great stabilising affect on alphe amylase ani mekes it mueh mere
steble in the presence of heat, On the comtrary, the presemce of the ocuprie
ion is quite detrirental to thermostability in alpha amylase, Inowledge
of these factors mey be utiliszed by addition of caloimm ion %o
Wmm-‘um;ﬂnmnmmww
izing either alumimims or stainless steel as the material of eonstruction
for starcheenzyme systems,

(9) Por ssmpiss systems, swsh so malt sagmws, vhich somiuln wiz-

Zuree of large gquantities of heta smylsse, the mode of the reaotionm is gf-

feoted by the tamperature. For instance, beta amylase is imaotivated

at lower temperatures tham alpha amylase and, with the use of mall amylase,
high sacoharification is obtained at a reaction temperature of 136°F and
low saocharification ani high liguefaction is obtained at 150°F where the
beta amylage is largely imactivated while the altha amylase is still quite
effective, especially in the presencs of ocaleimm ioms.

(6) Under comparsble sontitioms, the order of thermestability is

as followsy Bacterial. Malt- Pungal. FHere, from a practical point of

view, the current prices of smylases from differing sources must be cone

-“.
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sidered. Nost rapid and most effectife conversion should be obtained
from basterial amylase, but a pound for pound effestivemess of enzyme
might not be the governing factor if' cost per pound of comverted starech
is considered.

(7) Hor sffestive sstiom, starch mist be gelatinised. Starch as
it oocurs maturally, in gramules having an euter layer, or husk, of
amylopestin, must be gelatinized so that the inscludble amylopectin husk
breaks and releases the smylose and immer smylopeetin for selloidal
dispersion throughout the sol system for action by the engyme, Tere
the work of Houts (6) might be considered if the ultimste in sffective
utilization of enzyme is to be reached. If gelatinization gocurs at
@ point nhove the effective balance of thermostabilily and thermal
activity, effectivensss must be sacrificed somewhere along the line,

A Fragticel Avproach

As a oompromise between the aforsmentioned soven points and the
dictates of mamufacturing expediency, enzyme conversion iz oftsn oarried
out on the following time am! temperature schedules

(1) Slurry $i» starch in cold water at 10 to 20 percent starche

(2) M¥iz in the enzyme. (0ol to 1.0 pereemt of the dry starch)

(3) Adjust the pil as recamended by the mamufacturer.

(4) Heat the enzyms comtsining slurry to the geletiniszation tempe
erature of the starch being used as quickly as possible, holding it there

or inoressing it to the meximum temperature consistent with the enzyme being

used, until the desired viscosity of starch is obtained,

(5) "Eill1" or cocagulate the enzyme by immotivating either by
temperature or chemiosl means, Raising the etarch to boiling temperature
will effeotively stop the engyme action as will the addition of most

w l1b -
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phenolie compounds, perticularly the chlorimated phémols cormonly uced
in millo for bacterial contrel. This last astion is particularly vale
uable if food cartom stook is being run and a sterile starch application
is required, This type of chemioal inactivation has a further aldvantage
in thet it precludes further liquefactiom or saecharificetlon by spore
forming bacteria,

The fourth end fifth steps wemtiwned above may be modified by heating
siowly from the cold slurry to imactivation temperature on e strict time
end tempersture schedule. If starch is being prepared om & three shift
schedule, this sey be preferable becsuse simple recording instrumemts oan
be set up to keep 2 cheok on operating persommel in the absence of teche
nieally trained supervisorse It is also claimed thut greater ensyme econ-
omy results from this process.

For maxiwm enzyme eocnomy, gelatinization of the starch, or raising
the starch to the tampersturs of maximm colloidelity and coolins to the
ortimm covversion temperature before asddition of ensyme is often recome
mended, but seldom used, sinoe additional steam costs apparently come
alose to balenoing the saving in engyme.
vy

This survey of litersture avallsable shows a need for work to estabe
1igh two main factors. Ome of these iz the relative cass of conversiomn
of different sterches by alrha amyleose. The other factor is the determine
ation of any difference in phylical properties of the ultimate produst whish
may be traced to the starch source or method of eonversiom.

A simple check on the ratio of enzyme to starch required for cone
versien should be a sufficient indication of the relative ease of come
fYersion, and should present mo diffioult problems.

-6 -
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The logioal approach to testing the effeotivencss of a surface
sising agent is the application of a surface film to a standerd base so
that veriation in measurable properties may be checked. Although the
work of Houtz (8) dealt with bester avplicstion of starch, his con
clusion that bdursting strength is a measure of the effectivensss of a film
of starch should be valid for physical properties in surface applicatien
es well as beater aprlication. In surface applioation, determination
of the amount of starch added ie a simrle gravimetrie rroeedure, thus
giving a factor lasking in the published work of Houts.

Application of these tests to starchas rrepared and selected in aoce
cordance with the theories presented hersin should provide informetion of
interest to users of starch in surfese sizing appliocations.

nlmmi Hichigam
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LABOAATORY SKPALUNTAL PROGRAN:

As pointed out in the literature survey which precedes this repors,
soant information has beem rublished concerning the behaviom of different
starches in engyme conversion or ornoerning the offectivences of the ocone
verted sising solutionms.

The two commonest domestio commereial starchos wore selected for
comparison, native potato starch end native com starch, The various
ecntrollable veriables inm tud sising were then tabulated, These wore
as followsy pH of the starchy time of conversion of the starch) tempe
erature of starch conversiony tyre of engyme used for conversion; ocome
sentration of the ecnverting mixture; and eoncenmtration -f the ensyme,
based on the starch, Conditions were selected to provide evaluation
of the two native starches with respect to one basio variadble, the
congentration of engyme, while other variables were held constant,
Conditions established were as followes

pi of starch durry, Go2awb o

Time of ecnversiom Ten minutes at conversion temperature,
Temperature of o-nversions 68°C

Type of engyme Commorcial baoterial alpha amylase,

Concentration of starchs Ten pereent,

Concentration of ensyme, 041257 to 1,04 based on starch,
Exporiental rrodedure:

toisture content of the starches to be evaluated was determined
by plasing the air dry starches in a emmstant temperature even for
threc hours at 1836°C, wWeights throughout the experimental work were
them caloulated on this oven dry basis.

elf e



ftainlioss stee]l Leakers ani glase stirring rois wore tared and
staroh equivalent to fifty grams oven dry wiight sdded, Distilled
mater to make up & So%al starchemator wolght of 800 grams soapleted $he
woighinge Fnasymo, weizhed o an auslylioal balanos, was added to the
sold slarey with mild agitation ¢o ensure efegu-te mixing, The mixture,
u:der consiunt agitaslon, wss plased over a 9tewn dath at atmespherie
prassurs watil esaversion fSampersture wae Feachold, Ths minture we
hald at this touperature for ten mimutes, Fellowing this peried, the
teapsrature wes redsed rapidly to 88°C to k111 the encyme,

Beaksre scntaiaing the starches wers osele! premptly ve 84%0,
Cistilled wuter to mele up the walght loss due to evaprration in eooke
ing wme addod and thareughly vdnsd. Visoositise were them datormined
with o frockfield viscosineter, ucing the mmber 1 epindle ard e epeed
ef 100 ryme

The various sising solutions were aprlied to one side of a ceme
meroial 26% rag, VSX sulphite skipetud sheet, The unsised sheet was
2046 pound 17x22800 basis welght and sonteine? 1 vosin sise, 97
intornal sbareh siaing, an? 17 Titanium Disxtde fillep, Canadien
Standard Freeness of tho dester stoek wms 410 eseonds and freencse
aftor Jorlaaing wee 180 seoonde,

8iging solutions were applied to 63 u 11 shoota of the stook
at 54%, Siesing wag acosmplished by applying a curplus at the top of
@ gheot and remoring tho surplus with a pumber 18 wive wourd dooter.
Tet shoots were placed in geven inch drying rings and allowsd to dry in
a congtent huniiity reoem under conditlions of 79°F and 8OF relative
husidity. Pollowing dryleg, the sheets wesre tested for the follewring
characteristios:

¥IT Folding Pndurence
-2
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Bursting Strength
Tensile strength
Gloss (rhotovolt)
Brightness (Photovolt)
“longation

Unsiged sanmples of the base stook were tested for the same chare
acteristios for the purpose of comparisons
Sapevizentel Results:

As showmn im the smmary of experimental results, Appendix I,
brightness and elongation showed no significant wvaristion, Figures
for bursting etrength, folding emdurence an! tonsile strength, however,
showed a defiinite inorease in the siged sheots, As shovn in Figure
1, the twe starches evaluated brought about ocomparabls or ogual ine
orecses in stremgth characteristios over strength of the base stook
when ccnverted ~ith 1,08 engyme,

Deoressing percentages of engme, however, showed distinot dife
forenoes in the performance of the two starches, Under the conditions
of this work, potato stareh was inoreasingly effective in suprlementing
strength properties of the base sheet when the emsyme conosmtration
wud reduced to 04267 besed on the dry starch, ‘hen the conoentration
of the engyme was further reduced, potato starch lest im its effectivences,
Corn stareh 1wt in effuctivenses at all the lowr ensyme oonoentrations
testede

A comparison of thoe data shown on gloss and sising viscosity in
Plgure 8, with the strength proportics in Figure 1, provides a possibdble
explanation for these rosulte, Vissositice of 30 centipoises and above
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were asecolated with the lower resulds in phyeieal testing with doth
waristios of starch, Appreciadly higher Jloss readings were also aee
sasiated »dth the lowor physlical tast rosalis, ;

A possidle explamation for ths results shown ia these two figures
ezl juasictent «Ith 4ho padlished matorial dealing with sarface sizing
f2 that ths poteto staroh, »hish wue 701t fluvid whem couwertod with
47 sngyme, wss abla o penetrats the ghoot Go suprloment fMder to
flher bevting end consequently improve strength eharecteristios. The
exaller fucrsess ia stremgth Bpought wbout by toth starcheq where low
ccncertrations of enazyne had smused hirter visessitice and bMichap
glees readings, wee appereutly Jues ¢to the feod that the elsing selution
tended to ramin on the suwrfeoe of the sheet shore fiber bemding wme
not eup;lmmtel, The starch whish wes prosant in higher viseceR y
epriications ecemed o bo dopeeited in the fom of a surface filn,

The steady insrease im physical rroperties shown by potato starch
sized shooks 4n Figure 1 may be explaingd By the faot that the fimal
viscosity wag less them 28 cemtipofses at 27 ensyme, 47 ensywe, and
1f snzyme. The dasransing perssolages of anzyae should bring adout a
propertiommlly sealler degree of degradation or hydrolysis of the starch
nolosules, This swaller degres of degradation would leave the mazxirum
of inheront -tremgth within the staroh noleeulos,
Somstuetons

In zarface siring, engywe oomwersion with the sml]lest anownt of
engyme ~hioh will rroduce the desired visocsity of sising solutien
w111 rrofune s sising solution =Ath maximwm ability to supplement the
gtrensth of tha shect prodused.

Viesosition of less then 26 ocemtipoises, as measured with the
Brookfisld visoosimeter, s«em %o provide for maximom penetration and



strength of the Finished sheote

The pesults of this worl, under the conditions and limitations
cutlined in this report, sesm to iniioate that potate starch has the
property of reashing suitable siging viscosities with s smaller amount
of moleeular dogrdation than does corn starch,






AFPRIDIX 3
Avorage rroperty Velues at Yarying ‘nzyme Concentrations
Sf potato Starch and Gorm Starch

W q on WD Em X !x_i mu vums
Base Stoek 0 282 T  oe
rotato 1 89,7  4a7 2.7 2846 8244 0.7 18
Fotato - 46,0 582 8,3 28.2 82,6 1044 13
Potato F @, o 5.0 25.8 82,8 18.2 23
potate 1/8 38,2 207 — 2045 — 17.4 83
Corn 1 0.6 301 2.6 2248 817 10.4 27
Corn 3 70 %92 .- 20,7 -— 21,3 30
Sorm B A W——— 2049 T —

A1l MIT folds are expressed as double folde per 16 mm strip with a 1 kg. load,
Brightness and Bloass were recorded on a Fhotovolt instrument,

Viseosities are Brookfisld ¥isoosities, oxpressed im eentipoises at 54°C,
mmber 1 epindle and 100 rpm,
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SURFACE SIZING
ErFecT >F ENzZYME CONCENTRATION ON VISCOSITY
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