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nmicKJOCTioH

The ability of malted cereals to Impart desirable cherootor-

istlea to bread has been reoognlzed for hundreds of years, la

recent dooadaa great advances have bean made in understanding the

use and action of malt supplements* The desirable characteristics

nave been shown to ooour aa the result of the action of certain

enzyme systems which are present in the added supplement. John-

son, Dirks and Shellanberger (11) evaluated amylase supplements

es follows

i

Present knowledge of the active enzyme systems present
in bread dough indicates that three, namely, bete- and
aloha-amylase and proteolytic enzyme are concerned with the
melt supplementation problem. Beta-uiaylase is present in
excess in normal flour while alpha-emylase is added chiefly
through the use of malt supplements, iroteolytle enzyme
usually accompanies the amylase enzymes in malt supplements.

Several sources of alpha-amylase and proteolytic enzyme

systems have been recognised. Germinated cereals are the moat

common source of diaatutic supplements. Barley and wheat malt,

however, are the only flour supplements used extensively. Rye

malt has been used to a inor extent, and i.noen and Gandstedt

(H) reported there is no obvious reason why the malts of other

cereals including oats, sorghum, or maize oould not be employed

if such supplements would oomply with existing food regulations.

It was shown by ineen (13) that all these cereals produce alpha-

amylase on germination.

Other possible sources of the enzyme systems present in malt

supplements include those produced by bacteria and fungi. Chiefly



through the efforts of Takaaine, oonrerclnl production of enzyme

prepnrstions from nlcrobial sourcee was developed (27). There

has been extensive ooromerclel production of en Blpha-amylase by

the growth of seleoted strains of Bacillus aubtllfo or Baolllus

aeeenterlone . Another commercial amylase preparation has been

produoed by growing a seleoted stroln of Aspergillus oryzao on

suitable media. The amylases generally produoed by these organ*

isms have been found to be of the alpha type* Kneen and :'and-

stedt (H) stated that the use of a purified sterile preparation

of mold-emylase concentrate as a flour supplement should give

results similar to those obtained by using malt alpha-amylase.

Data by Oreen (6), Head and Haas (21), and f;iller and Johnson

(18) suggested that mold anylas* aay be used in baking.

Should alpha-amylase supplements from sources other than

oereals prove desirable in the baking industry, the utilization

of these preparations would be determined in part by the econonios

of their production. The approval of the -ure Food end Drug

Adminietrctlon must be secured before bacterial or fungal alpha-

amylase preparations may be used for flour supplementation.

A number of problems are Involved in the evaluation of new

alpha-amylase sources. Kozmin (16) and iroekuryakov, Srlnberg

and Kozhevnikova (20) have shown that excessive malt elpha-emylaee

supplementation caused an inelastic and sticky crumb, bith in-

ereasing alpha-amylase supplementation there was a sharp increase

in dextrin formation with a corresponding loss of starch* The

use of 0.006 peroent potassium bromote gave a slight improvemen'



and decrsbBo la water extract and dextrine. Laetio eoid also

had an improving effeot whan malt extract was uoed. ? iller and

Johnson (18) observed no stickiness of the crumb when using an

aqueous extract equivalent to 6 percent melted wheat flour.

Eneen and Sondotedt (13) reported that bacterial amylases

have a considerably higher degree of thermostability than malt

aljjha-emylese* These workers (13) postulated that starch break-

down in the oven may be excessive, and some of the alpha-emylase

may even remain active throughout the baking period and cause

llquefaotlon of the gelatinised starch after the bread is re-

moved from the oven. This would result in undesirable sticky

and gummy bread crumb characteristics similar to those associ-

ated with "ropy" bread. Widen and Hudson (26), however, have

reported that elpha-amyloeec from different bacterial strains

may differ in thermostability. These workers (26) found that

the alpha-waylasc produced by Bacillus gaperane. showed no marked

inaotivatlon when heated at 50°C. for one hour, while the alpha-

amylase produoed by itaolllus uolrayxa was inactivated by the

same treatment.

Differences in the behavior of beoteriel alphe-amylase as

compared with the behavior of malt elpha-amyleee were demon-

strated by Hopkins and Kulka (7). In the later stages of starch

hydrolysis differences were not due to luok of stability of the

bacterial alpha-amylaae nor to the presence of inhibiting sub-

stances, i'hese workers (7) suggested that the difference may be

due to less affinity of baoterial alpha-emylaae for low grade



dextrins. This phenomenon rasy oaose exoesRive starch breakdown

into dextrine and result in sticky bread erumb characteristics.

Certain lone are Known to exert a narked lnfluenoe on axnylose

stability. Greater thermostability may cause exoesslve starch

degradation with resulting sticky and gummy characteristics,

i.neen, Sandatedt and Hollenbeok (1$) have studied the stabilizing

effect of calcium-ion on slphe-amylaae extract; . uince the

average patent flour oontalns approximately 0.016 percent calcium

expressed on the dry weight basis (3), and considerable oaloium

is added to the bread formula in the form of dry /.ilk solids,

sufficient oaloium may be present to lend greater thermostability

to the elpha-emylase supplement.

Another problem arising from the use of certain supplements

has been associated with the presence of excessive proteolytic

enzyme activity . Klnoe the work of Ford end Guthrie (5) on the

proteinase of wheat flour, a number of theories and arguments

have appeared in the literature on the role of proteinases in

baking, EJeverel reviews of the literature, Hildebrand ( ,,

Hlldebrand and Burkert (9), Killer and Johnson (18), Read end

Haas (22), and Sandstedt and fortman (23), on this subject have

appeared.

Miller and Johnson (18) studied proteolysis in straight and

sponge doughs. These vorkers (18) found that malt supplements

containing excessive proteolytic activity produced inferior bread

by the sponge procedure, but no detrimental effeots were observed

in the straight dough procedure. These differences were attrib-

uted to the partial lnaotlvation of the proteinases by the sodium



>rida In the straight dough irocodupe. Furthermore, removal

of purt of the proteinase by absorption techniques resulted in e

narked improvement in the breed when behed by the sponge dough

prooedure* Dirks end "lller U) working with mold bran extracts

were able to inaotlvete or remove 80 percent of the proteolytic

aotivity by treatment with sodium ohloride and pll adjustment,

while removing only 10 percent of the alphn-amyiese aotivity.

lller and Johnson (19) developed toohnlos appropriate for the

differential lneotivation of alpha-emylase and proteinase in

melted wheat and barley flour and fungal preparations.

Read and Haas (21) studied the effacta of various sources

of proteinase on buoky doughs. Considerable Improvement in loaf

volume, and grain as wall as a reduction in the number of holes

were obtained by addition of smell amounts of several of the

proteolytic products. Tho improvement was particularly true in

sponge mixes. This was attributed to e mellowing action on the

gluten, giving a more workable dough. Buoky doughs were greatly

benefited by small amounts of certain plant proteinases, Sx-

oeasive dosages of proteinase or "proteinase activator" ruined

the baking properties of the gluten. The results indicated that

certain flours have sufficient proteinase if the proteinase is

aotivated.

The objective of this investigation was to study the

characteristics of oorcnaroial bacterial and fungal alpha-amylase

preparations and to determine the feasibility of their commercial

use as alpha-aaylase supplements. Consideration also waa given



to mouns of alleviating the undesir .ble characteristics of cer-

tain preparations and to the retention of alphe-aaylolytio and

proteolytic activity In flours supplemented with oasmerclal pre-

parations and stored under controlled conditions.

15ATKRIALS AKD METJK

Materials

The major flour seleoted for this Investigation was e com-

mercial hard red winter, straight grade, unaalted sample having

a protein oontent of 11.8 percent and an ash content of 0.45

percent. This flour showed good malt response. In addition,

three hard red spring, unraalted baker's patent flours and two

hard red winter, unmalted baker's patent flours ranging in pro-

tein oontent from 11.$ to 12.5 percent ware used in studying the

•partite effect of alpha-amyluse and proteinase supplementation.

The sources of the alpha-anylase supplements employed in-

cluded a commercial malted wheat flour having en activity of 40

alpha-amylase units and eight oo.-meroiel enzyme preparations.

Uive of the preparations, (i.;altase-20, Diootase-2'>, Diastase-32,

Dlastase-33 and i>iastaae«34) were fungal diastase preparations,

ihe other three preparations (Khozyme-DX, Dlaetase-2e and Dia-

stase-30) were bacterial diastase preparations.

Baking J rooeduree

ftporlaental Baking ii-ooedure . The sponge dough procedure

was employed for all baking studies. The sponges ware mixed two



minutes la a "liobart .' -200" 1 nixer end fermented for four hours

In a "Humi-Temp"2 feraentation cabinet at 86°F. and 85 percent

relative huoidity. r.e> Jbdnc; wae continued with the Robert mixer

to the point of optimum development. £fter thirty rinutes "floor

tine" the doughs vere sealed to twenty ounoee, and given twenty

toinutos rest before ciouldlne with a "Century** aoulder.3 The

loaves were proofed for 55 minutes et 92°F. and 85 percent humi-

dity in an "/nets"*' oabinet proof box. Baking was for 35 min-

utes in a "Reed" Uael Oven at 425°u.

A total of 700 crams of flour was used for each mix. The

absorption vma adjusted to the requirements of the flour. The

following formula was used in the experimental baking procedure:

Pwaflr.

5
2

3
3
0.5

Flour

T
70

r«uH 2
Yeast food

•!;ady5)
0.5

Bacstr
rut
Dry milk solids
shortening
Dough conditioner
(ianiplus6 )

. ijilts iflam ,'icoording to
experiment

Proteinase /.ccording to
experiment

water 70 percent of total 30 percent of total

~nuft~.ctured by liobtirt KanuftcturinG Co., Troy, I

2 tsaoufaotured by the Researoh Products Co., Kansas City,
Missouri.

3 Manufactured by Century t,aohino Co., Cincinnati, Ohio.
4 J-'onufuotured by JitUcera Ijigineerint; and Equipment Co.,

Kansas City,
..under* Brands Inc., Topeka, Kansas,

3 lured by The ianiplus Company, Kansas City,



In a few oases a total of 300 grams of flour wsa used in

eaoh mix, 1th the following exceptions the procedure and for-

mula were the sea*, aa for the larger doughs . The douche were

sealed to 250 grama and moulded by hand after punching with e

"Rational" Sheeting Roll1 , Proofint; was completed in the "Huml-

Temp" cabinet at 86°K. and 85 percent relative humidity for 55

minute*. The leave* were baked 25 minutes at 425°y, in the "Heed"

Reel oven.

^•llot j lent Bakery irooadure . The sponges were mixed five

fiinutoB In a "Day"2 horizontal mixer, fermented at 86°». and 85

peroent relative humidity for four hours in the fermentation

roor.3 and romlxed to optimum development as determined by the

characteristics of the dough. After 30 minutes "floor time" the

doughs were divided by hend, scaled to 20 ounces, and allowed to

reat 20 minutes in e drawer proof oablnet, The doughs were

molded In the "Century" moulder and proofed 55 minutes in the

"Aaete" cabinet at 92°P. and 85 peroent relative humidity. Bak-

ing waa completed In 35 minutes at W5°T. with the "Reed" Reel

Oven.

The following formule was used In the pilot plant bakery

Investigations:

1 Manufactured by National Manufacturing Co., Lincoln.
sMfftata.

2 Mamir otured by the J. H. iiay Co., Cincinnati, Ohio.
nufLOtured by Union Steel I x-oducts Co.,

: ichigaa.



Flour

Yeast

Yeast food
(. rkady)

9 lbs.

4.3 oz.

1.2 OS.

6 lbs.

salt

Dry Bilk solide

Shortening

Dough conditioner
(i-aniplua)

12 ox.

4.6 oz.

7.2 oz.

A.8 oz.

1,2 OZ.

40 percent of totalWater 60 poroent of total

li>.h;;~r ;l> Adding to experiment

i-roteinaae Aocorfting to experiment

Designation o£ Alpha-aflurlase and irotelnase concentration .

Arbitrary terms were defined to lndioete the proteinase and

elpha-amylaae concentrations uned in baking. For elpha-etf.ylaM

concentration the tens "IX" lndier.ted supplementation to an

alpha-arcylaee level equivalent to the alpha-emylase added by

0.2$ percent melted wheat flour. The term "1Y" indioeted pro-

teinase supplementation to the level that would be obtained by

the addition to 100 grams of flour of that amount of proteinase

which would give a delta titration of one ml in the proteolytic

aotlvity determination (17).

ctivity of iinzyms ^reparations

Alpba-aaylftBa Activity . The preparations were extracted

with 0.2 percent oalolum chloride solution for one hour at 30°C.
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and aliquoto of the flltrr.to used for pnclysla. / lphn-nmylese

dextrlnizistion activity woo determined toy the "ohlgamuth

oedure as described by Sendatedt, Inoen and 311sh (24). Values

for alpha-ejaylasc activity were eK.raaaad ae the time in ninutos

required to produce tho standard rod-brown end point with iodine.

These values are inversely proportional to the alpha-anyleee

activity.

: taroh liquifying activity of the alpha-aaylaae wee deter-

mined with the araylograph enployin,; 65 crams of flour and 450 ml

of liquid aa described by Anker and Geddes ( 2 }

.

rotlnwao Activity . Aliquota from sxtraots of the prepara-

tions were analysed for proteolytic activity by the Ayre-Andersoo

method as modified by filler (17). The procedure Involves the

measurement of non-protein nitrogen released during a five hour

digestion of a baoto-haooglobln substrate at controlled tempera-

ture and pH conditions. The delta titration in ml of 0.07H N

sodium hydroxide we a used as the indioation of proteolytic

activity.

Thermostability of Alpha-amyleae*

The effect of temperature on the inactivutlon of the various

alpha-amylasea was determined by the teohnio used by Johnson and

I iller (12). This involved heating the buffered enzyme solutions

in the amylograpb and the removal of allouots after eaoh five

degree rise in temperature. The elpha-amylaae aotlvity of eaoh

llquot was determined and the results reported as the peroent of

the original activity remaining.
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Differential Inactivat* '.aae and iTotelnase

Technics appropriate for the differential lnactlvetlon of

alpha-amylese and proteinase In Tihozyme-S were described by

Dirks and Killer U) and modified by filler and Johnson (19).

To inactivate the proteinase in tiiiozyme-C the preparation was

suspended in 0.2 percent oaloiun chloride solution (A mg per si)

and adjusted nolle stirring rapidly to pK 10.5 with ZH sodium

hydroxide. The resulting solution was heated at 50°c. for 30

clnnteo, cooled to room temperature and the pH adjusted to 6.0.

This procedure resulted in retention of from 60 to 75 peroent of

the alpha-emylaae activity while up to 98 percent of the pro-

teinase was inaotivated.

To inaotivats the alpha-amylase in Uhosyno-a the prepara-

tion was suspended in water (A mg per ml) and the pH adjusted to

A.O with W sulfurio sold. After heating at 50°C, for 30 min-

utes, the solution was oooled to room temperature and the pH ad-

Justed to 6.0. Approximately 70 peroent of the proteinase waa

retained while only 10 peroent of the alpha-amylase activity

remained.

Bffeot of Storage on Enxyme Aotivlty

To study the effects of storage on enzyme activity, flour

was supplemented with Rhozyma-S to the alpha-amylase equivalent

of 1 percent malted wheat flour. Alpha-amylase and proteinase

activity were determined at bimonthly intervals, possible ac-

celeration of storage deterioration by the presence of oxygen waa
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studied by storing ths supplemented flour for slcht months la

Jars containing oxygen, nitrogen arwl fir atmoBpheroe at 35°^.,

cold room (5°C. to 9°c.), and root (20°0. to W°0.) tempera-

tures. The gaseous «ros wars obtained In the following

manner. Copper tubes vers soldered Into lids of half gallon

Jars, a short pleoe of rubbc etteohed and a sorev. clamp

applied to give an sir tight s«>l. :Ttcr the supplemented flour

was plaoed In the jars, the Jar rwB eltsraetely exhausted of air

and filled with oxygen or nitrogen to s pressure measured by an

arbitrary height of irereury. This irooedure was repeated three

tines to Insure replacement of the air by the gas. iX the end of

the third oycle the pressure was redueed to ataoapherlo preesurs.

The gases were replenished at blxaonthly Intervals.

Compressibility Measurements of Bread

A "Bloom"1 gelometer was used to study the effeot of alpha-

amylase and proteinese supplementation on broad crumb compressi-

bility. The experimental value recorded was the v.elrht of lead

Bhot required to press a one-inch plunger U mm. into a slice of

breed. Two determinations on ouch of two slices out from three

looves chosen at random from esoh sxperimentai group were re-

corded.

jrlul Spore Count Determination

The offioltJl A.;.. C.C. method (1) for determinine the total

Jtufaotured by ireoision ; oientlflc Co.. Chloaso.
Illinois.
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l in flour was followed
' M

counts of the variou

kxpbomkmbu. Rxaoi/rs ah» bxkrbsxm

:_ha-aaylnae and Protiliasa ;.otlvifcy

Sight eomercial fungal and beotarlal enzyme concentrates

warn analyzed for alpha-amylese and proteinase and oompared to

the respective enzyme activities of commercial malted wfaeet

flour. Khozyme-:. contained over one hundred times tlia alpha-

onylase aotlrity of malted wheat flour (Table 1). Thie oonoen-

trata also possessed very high proteolytic aotlTity resulting in

• proteinase — alpha-amylase aetivlty ratio over eight times as

greet «b that for malted wheat flour, Diaatase-29 wee observed

to be low in alplia-emylase activity but nigh in proteolytlo

activity. Dlsatase-33, -34, and -28 v/ere found to have low

proteinase — alpha-amylase activity retios.

Amylase supplements used In baking are normally standard-

iced on dextrlnogenio aotivity (H). 3inoe Rhozyma-S is stand-

ardized by the manufacturer on saocharifying aotivity, it was

desircble to check; the dextrinogenic aotivity in a series of

samples from oonraeroial batches. Ml analysis of variance of the

alpha-emyiase aotivity for these samples (Table 2) showed that

the differences «.ore highly significant, This suggests that the

enzyme concentrates should be standardized on dextrinogenic

aotivity.



H

1'able I, Alphu-a^'luse and proteolytic activities of the various
prepare

l

'•<*,
n,

i*ame i Alplw-aaylase ,:, lTOte^naso i to

HUI of
proteinase

Halted wheat
flour 1 1 l

-

(first sample) n HO

Maltase-20
(larue aaaple) 66 67 i +

..Jioaymo-S 120 1000 S.3

uiastase-29 0.21 417 2000

Diastaaa-32 5.7 2U 43

JJiastaoo-33 50 31.6 .63

jiiostsse-34 80 0.19 .002

Diastaae-26 31 5.7 .IB

Diastaee-30 2* 69 2.9
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Table 2, Data and analysis of variance of alpha-emylase
activities In a aarlae of Rhozyne-a samples.

, }f
.... :

Tl

let aliquot* :

Tl
2not*1

Win.
'

1

ran.

111 10.12 10.25

2*9 9.75 9.75

251 8.SB 9.37

260 11.25 11.75

262 10.00

Analynir or v&rlanos

10.37

roe of v-ri.-jtioa Desrees of freedom i
' ean square : F ratio

Individual
dalaminations 5 0.064.2

Samples 4 1.5180 23.6*3

Total 9

point.
2 Xaeh aliquot, equivalent to 2 ag of preparation,

aifiaant at the 1 percent level.

preliminary experimental Baking

An experimental baking study using extraots of Hhozyma- ,

Maltase-20 (1st sample), Diastaee-2fl, -29, -30, and malted wheat

flour was made to determine the general baking characteristics

of the various preparations (Table 3). Olastaee-29 caused bread

to nave low volume, open grain and poor texture. Ulastaee-28

and Diaat.aae-30 produced bread with larre volume, and sticky and

gamy orumb. Bread »rodnoed with Keltane-20 and i;hoz,vras~n was
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slightly Inferior but comparable in volume, grain and texture

to that bake* with malted wheat flour.

Experimental baking results obtained with Diastase-32, -33,

and -34 are recorded in labia 4. Diastase-32 wbb similar to

Diaetaae-29, in that sufficient proteinase was present to pro-

duce excessive Kluten breakdown before the beneficial effeots

of the alpha-amylese appeared. Bread produced with Dlastaae-33

and -34 was quite oomrm rable to that obtained with malted wheat

flour, ihere was no tendency for doughs containing Maetase-34

to sleokeu excessively during fermentation. A slight slacken-

ing was observed, however, in the dough to whloh 3X concentra-

tion of Diastase-33 was added. Thus, satisfactory bread was

produoed with Hhozyme-S, raltass-20, l)lastase-33, end Dlastase-

34. Diastase-29 and -32 oaused the sponges to liquify before

beneficial alpha-amylaee affeota wero obtained, ireed produoed

with the two bacterial preparations, Diestese-28 and -30, was

unsatisfactory beoause of sticky bret.u crumb ohuruoterletios.

Investigation of i)iastase-2C and -30

Thermostability of ..laha-amylases . The effect of tempera-

ture on the lnoctlvotion of alphe-amyloses was studied as one of

the possible oauses of orumb stickiness resulting from the use

of Cieste8eo-28 and -30. The data reoorded in Table 5 indioated

that the bccterial alpha-amylases , Uiestase-28 and -30, were

lesa thermostable than malted viheet flour alpha-anylase. These

results were not in agreement with the work of Johneon and

Miller (12). The investigation was repeated including a baoterisl
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Table 5. x'ercentegea of alpha-omylase activity remaining after
heating to different tampersture a In suspending
sodium containing 0.2 percent eeloiun chloride.

•

:

TeoDereture i Khossme-S

:

: iked
: hoat flour

•

: Diaetaes-28 i

:

: Diestase-30

°C i i , P

85

80 5

75 6 58 3 11

70 69 M 39 74

65 IOC 9« 96 93

60 100 100 100 100

preparation (Hhosyme-D2.) found by these workers to possess high

thermostability. As an added precaution the 0.2 percent oalcium

ohlorlde was omitted from the suspending medium sinee the manu-

facturer had removed oelolum from the baeterial preparations in

an attempt to lower their thermostabilities. The results

(Plate I) show that the alphe-nmylases of Dlastase-26 and -30

were less thermostable than malted wheat flour olpha-amrlase.

Rhozjme-DA, as expected, possessed high thermos t«billty. These

results corroborate the work of Tllden and Hudson (26) showing

that elpha-amylkses from different bacterial atraina may differ

in thermostability.

Alpha-amrlttsa . ctlvltles at Higher Temperaturea . The effect

of higher temperatures on rel tive alphe-aEylaae activities from

various sources was lnvestlbttted. The percentage lnorecses in



EXPLANATION OF PLATE I

The effect of heating and enzyme source on the
retention of alpha-anxylase aotivity.

Curve a, Diastass-28

Curve b. Diastase-30

Curve c. Hhozyme-S

Curve &. Kalted v/heat flour

Curve e. Rhozyme-DX
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eetivlty at 50°0. as compered with the eotivlty it 30°C. are

recorded in Sable 6. Inereeaine the temperature to 50°C. caused

the alphe-amylaae of malted wheat flour to lnorease In activity

more than the elpha-emylaaea of Dleetase-28 or -30. this eug-

Gests that at the temperaturea of bi.king, the alpha-&mylea«

aotivitiea of Piaatase-28 and -30 inoreaae less than the activity

of malted wheat flour alpha-amylaee.

Amrlograph Curve iiei^hts. The effect of varioua souroes of

alpha-emylaae on the maximum viaoooslty of a starch paste bb

measured with the amylograph was investigated. Equivalent

amounts of the various alpha-amylaaes in the absence of calcium

chloride aa a stabilizer were employed, Kaxlmum viscosity

values (Table 7) lower then the maximum malted wheat flour vis-

cosity values wore obtained when equivalent amounts of Diaataae-

28 and -30 (based on dextrinogeaio activity at 30°C.) v.-ere uaed.

Thus, equivalent amounts of I>iaatase-28 and -30 would apparently

produce greater starch degradation tfeaa an equivalent amount of

malted wheat flour.

From the ineotivation data end dextrinization aotivitiea at

higher temperature, malted wheat flour might be expeoted to pro-

duce greater atarch degradation with resulting lower maximum vis-

cosities and possibly sticky bread crumb. This apparent anomaly

may be explained by assuming a leaaer affinity of baotarial

alpha-emylaae for lower moleoular weight dextrina. Accordingly

bacterial alpha-emyltise molecules may be free to split greater

numbers of starch moleoulee, with a correspondlnc inorease in

dextrin formation and stickiness of bread orumb.
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Table 6. ..ffoot of oaloiun chloride und inoreaaed temperature
on activity of various ttlphn-arcylaees.

Preparation : In CaCl2 extract : In water extract

1

tfalted wheat flour 234

Diaetese-28 --- 129

Oleataae-30 166 164

Maltasa-20 127 104

Dieataee-29 137 110

1 . ercentege increutse due to inorease in temperature fro;' 30°0,
to 50°C.

Table 7. Wfeet of alpha-asgrlaaea from various sources on
maximum amylograph curve hel -lits.

: : :

i i : I eroent liel.;jht of oor-
t , i Maximum : responding molted wheat

Preparation : Coneentrotlor. : height : flour ourve

(B.U.) 2

halted wheat flour IX 385

» » e H 630

Diastase-28 IX 3*0

i* n ix 550

Diastaae-30 IX 280

* n ix 480

88

87

73

76

1 IX Concentration aquiv. lent to the alpha-emjrlaae provided by
25 percent malted whei.t flour supplementation.

2 IX Brabendor Vnlts.
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Baser1/nantal l'«klna» Experimental baking using Diastase-28

and -30 at Q.25X, IX, and AX concentrations again indicated that

tiese two bacterial preparations cause sticky orumb character-

istics, A aliiJit Improvement In crumb characteristics for both

Bources was observed vhen oalcium was omitted, 'i'he bread cruab

containing 0*892 oonoentration of Dlastase-28 was least sticky,

but when tasted stuck to the teeth and roof of the mouth result-

ing In an unpleasant sensation.

An investigation was made to determine if an excess of sac-

charifying amylase would remove the nticky characteristics. The

leaves containing IX concentrations of Diactase-26 or -30 In the

presenoe of as much as AX concentration of HUozyme-S (saccharify-

ing enzyme source) were found to possess very sticky and gummy

bread crumbs. These results indicate that the added saccharify-

ing enzyme was probably inactivated in the oven before the

steroh liquifying enzyme was lnaotlvoted.

Another experimental baking study was completed to determine

the concentration at which the orumb stickiness produoed by Dla-

stase-28 end -30 became evident. tioklnees was evident at 0.1X

concentration of either preparation, and was very noticeeble

when 0.25X concentration of either enzyme was used (Table 8).

ctloklneac was not observed at O.OAX concentration In either

ease. However, the grain and texture scores for these loaves

were slightly lower than for the control loaves, Ko lucre: ae in

volume was obtained ivith 0.1a concentration of Dleetase-28 while

0.1X Piestane-30 c; used e sllrht increase in volume, rrom these

results it was concluded that as the concentration of DlastaBe-28
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Table 8. Effeot of starch liquifying and saccharifying enzymes

•

M i development of crumb stickiness.

~
» ; : i.oaf

1

. Rhozyme-s1 : Dlastase-28l t External : ; vol-
j^f. : • ilt stl ..: concentration : characteristics: Grain : Texture :ume

* p ml.

0.34- Fair 68 70 2835

0.1 X 65 65
2 2840

0.25X « 67 65* 2880

IX IX Good 50 50^ 3015

U IX

Dlaatase-30
concentration

• 55 50* 2940

o.ovx Fair 65 65 2950

0.1 X » 65 652 3060

0.25X Fair to good 60 65* 2900

• 11 IX Good 55 504 3025

a IX 50 50* 2915

IX * 85 80 2975

w Fair to good 80 83 2925

Poor 70 75 2865

1 IX = concentration of alpha-amylase equiva lent to the alpha-
amylase provided by .25 peroent malted wheat flour supple-
mentation.

2 Slightly atlolcy bread oruab.
3 sticky bread crumb.

•

4 Very sticky bread crumb.



or -30 was increased sticky broad oi-urab resulted before any

beneficial effects appeared. Skua, iustase-28 and -30 could

not be used ae alpha-amylase supplements for flour.

Investigation of Rhozyaa-3 and l!altase-20

Optimum supplacientation . Aa investigation of optimum sup-

plementation with iihossyaa-8 and altaoe-20 (firot sample) using

concentrations of IX, &X and 6X was nade In the pilot plant

bakery (Table 9). Although the doughs slaokenad slightly* the

dough handling characteristics were satisfactory for douche con-

taining IX concentration of either iihoayme-- or Kaltase-20. The

doughs containing AX concentration of Hhozyma-S and 8X concen-

tration of lo.ltaee-20 slackened considerably. The doughs con-

taining 8X concentration of vhoBycie-r slackened aufficlently to

sake dough handling difficult. The nost desirable grain and ex-

ternal characteristics were observed vihen IX concentration of

either Rhozyae-ii or ltnse-20 was used. The texture of the IX

and AX ;-:hozyna-i: supplemented loaves was approximately the sane,

while deterioration was observed at 8X concentration. The opti-

onal texture was observed et IX concentration of Ualtase-20 and

progressive deterioration appeared when additional amounts were

used. Options reuults were obtained viien IX concentration of

either iihoayme- or I cltase-20 were used.

Dilution of 'ihoaynie-i-: and r.»-,ltt':;o-20 i rapture tions , llhoayaa-

s and ;.altoLO-20 (2nd sample) were blended with flour to produce

resulting mixtures with e lpha-aaylaee activities equivalent to

the alpha-emylase aotivity of co ;v.erci> 1 malted viheat flour.
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.hesc blende were studied at elpha-oraylase supplements In the

pilot plant bakery.

The results (Table 10) were essentially the same as those

obtained when extracts of the preparations were used. Agsin the

greater proteolytic activity of i!hozym*«8 wae evidenoed by the

Blackening of the douGh containing UX concentration of Rhozyae-S,

Therefore, if auoh enzyme preparations were used without proper

control, the tanker could use too much ensyae and experience

serious trouble with gluten breakdown. The dough to whioh £X

ttaltaee-20 was added eleokened only slightly. The bread pro-

duced using k:oltase-20 graded slirntly higher than the bread

produced with Rhosyme-S. Breed beked with Rbozyme-S end . al-

tase-20 supplementation was comparable to that produoed with

salted wheat flour.

The results showed that it was feasible to dilute oonmer-

olal enzyme concentre tea with flour or other suitable materials

to the alpha-emylase activity of oommeroiel malted wheat flour.

Thus, melt feeders now in use in flour mills could be used to

blend in the diluted amylase preparations.

avcl o£ \hoayne-K rotejitase . Hepeated baking

investleatlons indicated thut the proteinase activity of

Rhozyme-8 was too high. Accordingly, solutions of Rhor.yme-S hav-

ing 25 percent, 50 peroont, 75 peroent, and 90 percent of the pro-

teinase inactivated were studied in the pilot plant br.kery em-

ploying IX and 4X concentrations of the supplement, 'Vhe doughs

containing 4X concentration of alpha-emylese sleokened somewhat
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\.hen 50 percent of the proteinase was retained. Considerable

slcokening was observed t t 4Z concentration when 75 percent of

the proteinase was retained. The best breed wee obtained when

only 10 percent to 25 percent of the proteinase was retained

(Table 11). Thus, the desirability of reducing the proteinase

activity of lihozyme-s tree demonstrated.

Separate /.lpha-amylase and ^xotoineae Supplementation

iteculrarccntB of Kfard :ied Inter .'heat I'lour . The eeparate

offoots of alpha-emylese and proteinase supplementation were

studied in the pilot plant bakery. lihozyme-P with up to 98 per-

cent of the proteinase inaotivated wee used in sufficient amounts

to provide 0, 1 , .'. ., end Si alphe-aitylese (supplementation. In

combination with thia alphe-amylase, ahozyme-s proteinase wee

added in amounts equivalent to the proteinase eotivity of 0,

V.., and 4X concentrations of untreated rUiozyme-o. Koth ex-

ternal and internal chnraoterietlos, (Table* 12 and 13) indi-

cated that 4X to SX ooncentr; tion of Rhozyme-C with the pro-

teinase inactive ted provided optimum alpha-anylase supple entn-

tion for the major hard red winter flour. Rome improvement In

the quality of the broad was observed for proteinase supple-

mentation up to that concentration equivalent to the proteinase

in IX oonoentr-tlon of Fiiiozyme-S,

inoe considerable alpha-emylsse was not inactive tod in

seouring a souroe of proteinase from hhozyme-S, the utilization

of Diaataee-29 as a eource of proteinase wna Investigated.
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Uhoaysa-S from which the protolnoee had beec removed was used oe

the source of elpha~«rylese» Ssporl ontcl pound loavee using

icentratlons of alpha-nmyiaae 1b combination with

0.5Y, IT anA 4T concentrations of :'iaetese-29 were beked, lis-

sttsa-2'; supplementation up to 0.5Y proteinase coj contrition

cruoad no eerked improvement or deterioration in the quality of

tha brood baked with the aejor herd red winter flour, however.

Ml iff concentrations produced proer'scalvely Inferior braes'

as wall as exeosnlvo softening of the doughs. The 4X 'hozyr

alphn-naylaee combined with 0.5Y Diaetese-29 proteinase pro-

duced c*«ln, texture, and external oh- raoterletlce (Table U)

comparable to those produced by IX and 4X concentrations of

malted wheat floor. The results Indicated that Slestnae»29 was

e satisfactory source of proteinase for use in further in-

vestigations.

In additional experimental baking In*estimations 0, 0.5Y,

1Y and tY ooncantr&Uona of I'lestase-i^ were used in combination

with 0, IX, 4X, and 9>: concentrations of Iihosyite-: ; alpha-amy-

lase. Based on grain and texture scores, to 0.5Y proteinase

supplementation was required to secure the optimum ouelity bread '

from hard red winter flour Ko. 2 (Table 15). a third herd red

winter flour also required fro* to 0.5Y conoentrr.tion of

Diaetnse-29 to produce the optimum breed. The level of alpha-

use (supplementation required by these floure did net appear

to be orltioal.

Supplementation with dicstase-29 at 0, 1Y, and *Y ooneea-

trtitione in oorblnetion with o, IX, end 8a concentrations of
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hozyrco-:: idpha-amyleae w*» wed in pilot plant bf.kery | -

vestie«tions of nerd red winter wheat flours So. 2 *ad :."o. 3.

The optijium bread *s obtained when no proteinase wae added to

flour Be* 3 (Table 16), but the flour easily tolerated protein-

ase up to IT concentration. Flour Fo. 2 essentially confirmed

these results with a tendency toward slightly more deterioration

at 17 concentration of Dlastase-29.

From these results, it ni concluded that the optlaun

quality bread was obtained when the herd red winter wheat flours

reoeived to *Y proteinase suppleaentatioE. The level of

alnhe-auiylese •upplementstion up to 8X eeaoentrstion did not

appear to be critical.

'W.t3 gl_ ___ _ ;;OSlte

of hard red spring wheat flours ws« experlisentolly baked with

the usual combinations of proteinase and elpha-anylnse sup-

plementation, .-.cosalva buokiness was not observed in the con-

trol fioujis. Concentrations of 0.5T and IT Dlaetase-29 caused

eoese lr.prove.-ent in (prtia and texture (Table 17), wliile at 4T

concentration Gluten breakdown was indie: ted by dnu,jh softening

end by groin and texture deterioration. The optlouic level of

alphe-ejaylaee supplementation wss 4X concentration, however,

this level was not critioal. This ex;:eri, out was repeated three

tines using different herd red spring flours. These flours gave

the beet results v.han supplemented with 0.5T to IT concentration

ieetese-29 proteinase wliile the level of elphe-araylase sup-

pleoentstlon was not critical.

The three herd red 'ours, supplemented with
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Diastes«-29 proteinase and Rhozyme-. alphe-a-ylsoa vara baked in

the pilot plant bckery. The optimum -;tt«lity breed was obtained

when IT to AY ooncentrrtlon of Dlostfse-29 protoinese waB uaad

(Table IS), '.tie resulto with tha other two hard red spring

flours also suggested that et least 1Y concentration of ' ifiataee-

89 was required for optimum proteinase supplementation. Little

dlfferene* appeared between IX and SX alpha-amylaae auoplemente-

felon.

These results obtained \ ith herd red spring wheat flour ln-

Cloated the optimum level of proteinase supplemantotlon waa sub-

stantially different from thai required by herd red winter wheat

flours. Hard red spring wheat flours in general require MN
proteinase than do herd red v.intor wheat flours.

ffect on Cruab qannr^fslblllty . The separate effeot of

alpha-enylnse and proteinase supplementation an bread orumb com-

pressibility was studied. The detp. nre presented in Teblea 19

and 20. The data in Table 19 ware obtained 24 hours efter bak-

ing, while tht- data in Table 20 were taken on duplicate ln-ves

94 hours after baking. An analysis of variance (Table 21) of

thane data showed that significant differences in tha breed orumb

eoapreaalbill ties ere oaucad by olpha-afflylase, proteinase, and

length of etoj! o. Both alpha-umylese and proteinase Increase

the compressibility while storage deoreasen the oorvresfslbillty.

Least ciciiifloi'irit mean differences were datemined by the

rothod of Cnoaeoor (25). from these CKlouletiona it was oon-

olufled th< t the compressibility i--clues for bre«d containing 4Y

concentration of proteinase were significantly lower than the



a

1 H
a

un.

CM 1

•

s
m
I

J3 n u (0

.

j r-l r-l r-l

rl1
11
3 g>

o I« o

4»

ft
•H 1 1 "E s

43

H 1

43

•rt

43

•4

I
J A p p o rH >

» '/) o
rl 43

iH • a.

ij
to a C7» O w\ -* r<\ o 1 -rl

U O
« 5

«"»

i
•* c~ ON IA ir» • 43

4-1 3-3 C-
8?

CO
CM t\l » r-l

44 p K
•H

u o H 1 -H 43

if s a
"-.. o w lf\ f~ o c> O Oi «-l o

II
I m to M CO to on to On H o O

51 43
43 O

h U a do.
a, o
•

1 £ £ 1
<M
o\

o
CO

CM
ON

CM

43

o §"
» q

• (4 o 43 .rl

2*
a

43

•H
g s I

h a
>«( O St
•r]4» O

1 J uCD O (2 •-' o o 1-1

rl (1 to (S3 Oih a 2 I o a o a
•o o
•H 4>

(0

4»4> (4

•H s
1 1 i I 1

8
3 > i ' 1 wH

33 I M o,

a >>a< a

al
o

I

t».-l CM CI
0\3
(M-H

J
'

In O jw (w o s» H o ** >i r-l O
| 3 ~» rH -4 r-l -* lH 43 13

43 A O I
i3 3 a ® > a

fj
ffl o
«« q o » « •

A a 3 •H O r»
43 o 43 TJ «-l»H

O r)

43 W
r(43.rl
43HTitl

• ah a o
op o-ri
I l-t43 §43 O |

•

to
.-1

1 ' =

lis O o a a d u s
o a
o o
o o a

J

1
i i a

l-t J 2 ea was
a H O
tr> o o H CM



Table 19. Twnty four houj 3iblllty vssluee for breed
baked differont levels of olpha>aiayle«e and

9 proteinase.

•

.-so
1

:

;

:

reselbility values:
Alpha-amyl oaf : for km ilJ

loaf J
» i per i Group

iontretlo e.r.
.'•'. ;-;c. ;;

.

3o 96 99 99 105
« 3b 104 106 98 108

M « 2o 86 100 90 110 100.4

IT 50 108 105 97 100
i • 6b 96 103 94 87

If 4b 83 80 98 90 95.1

4T 7b 84 79 88 94
i» eb 92 90 81 . 90

H ft N 75 94 85 78 85.6

IX llo 85 85 77 83
ft lib 75 92 81 86

.

If ft 120 65 91 85 62 -3.9

u IT 15c 74 80 67 96
ft 15b 76 86 90

M fl Ut 84 83 79 80 82.3

IX 4T l?b 68 66 67 67
tr e 16b 77 74 87
ft w 17o vC 84 66 68 74.6

81 21b 76 85 84
n » 21o 76 80 84 90
ft a 19b 68 82 66 92 82.2

ex IT 22b 67 66 75 77
*i VI 24b 71 70 82 81
ft « 240 68 62 72 75.8

8X 4T 26b 71 65 77 71
« •» 25o 7; 77 74 71
•i ft 27o 60 75 66 63 71.0

1 XX concentration of -
.

' to

i

(;: -ylf,nr, provided
mentation.

by 2 5 percent melted vifcer.t flour eupple

2 IT the MM&t&Ol to 100 grsae of riotut of thi t amount of
uiostese-29 protelnae juld ive s flelte titration of
one cal in a »rot

I Of 1b; i"

solytio netlvity tie termination.
3 The sr«B( ahot <tre<3 to s n ono Inch Plunder

4 am. into the breed
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Table 20. Ninety four hoar compressibility values for bread
baked with different levels of alpha-amylase and
proteinase.

I ' .--j
(J l-i^f- 1

; jbfiii se - : ,o.f: ;.. 'sT'i <iioi llij v IMS tWI r
. 5

"

Oonoentratlon : oonoentratlon: ftp.; foo ffU°« a Per l oa * 3 JtSM—
gma. gas. gas. gas. gas.

1

IX

u

3X

8X

8X

lo
lb
2b

157
163
13?

144
146
128

146
176
154

177
157
132 152.0

1Y
«

6o

4o

130
165
188

129
131
166

108
16?
149

124
171
162 149.3

4*
s

H

7o
?b
So

133
H3
150

151
130
146

124
147
163

143
142
156 144.4

I
12b
10b
lOo

122
137
132

118
13>
140

141
153
113

134
126
124 131.6

IT
M

II

Ufe
13o
13b

140
123
130

118
111
122

127
12y
131

125
122
126 125.3

s
17o
17b
18b

118
113
112

118
107
128

133
123
113

138
125
110 120.5

s
20o
20b
19o

115
142
US

141
127
125

131
115
127

123
143
112 126.6

«
s

22e
23b
23o

134
119
123

112
100
150

123
119
100

124
117
124 120.4

4T
*

25b
260
27b

115
137
113

129
113
122

130
106
98

123
126
107 118.7

IX oonoentratlon of alpha-amylase equivalent to the alpha-amylaae
provided by .25 peroent salted wheat flour supplementation.
If the addition to 100 grass of flour of that amount of Dlastase-
29 proteinase which would give a delta titration of one ail. in
a proteolytic activity determination.

The grams of lead shot required to press a one inoh plunger 4 ma.
into the bread crumb.
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able 21. Analysis of verlanoa of the sop;.ret* effeot of

ortusb cor/ijN»e»ibllit<'.

rot«in&«e

ltf-*Ayll>Ba

tone*

ratoiiidse x elphe-
awylaoe

• rotelnaua x
tutorage

Alpha-omylaaa x
i kansi

Jineae x olpha-
asjrlaaa x atoxaga

Individual velnas

Total 215

Im ;L^r_

1.926.0

9,988.5

127,653.0

25.5

56.5

.

34.5

118.?

. ;?
2

- 11. 573

— 112.8, T — 108.0, 4T — )

— . , g — 1

24 hr. ~ 8J.5, n hr. -

/.l

1.075 1

4.35'

liictjjt at the 1 percant loval.
t standard flavlr tlon of tha dlfferanea of few* aa&na vhloh will

b* elanlflwnt at the b parcaat la*al.
3 standard deviation of tha dlffarnnea of two manna t?Ucf

bo aiGnifioant M tha 1 aarcont laval.



values obtained for b*eea to whlc!. no ,>rotelnB*o hod bow added.

Coopreeslbillty 1 r bre^e co.-.tislnine bo proteinase cad

for bread « protolneoe concentration we» not slo»

nifiecntly fiiffereat et the 5 percent level of eltfolrieaaea.

Likewise, the differences batwoan the values for brsod baked

with IT proteinoses concentration end brei>d baked with 4T pro-

teinase oonoentretlon wore not significant. The ooaprossibill-

tiea of bread baked with either IX or &:. concentration of alpha-

eayl*se ware sl<ialfioantlr (1 percent level) crerter than the

coopresaitiiilioi oi xnteislns no nlr<ha-or.yl*<Be. At the

5 poreaat level a lot nee tuere woo no dlfferonee observed

between IX and ex ulyhu-^a/Uae coitpreeslbUitle:;. :ho eora-

preeslbillty of the bread after 94 hours of atomse vne sig-

nificantly (1 paxaant le»el) less th^a for the breed stored 24

houra.

The reeulta auifwst supple a with an ilpUx-ajrylase

prepwr*. tisn low In proteinase end a aaparet* j>rn;,eln»ne prepara-

tion low In alphe-oojrlase amy produno pore desirable results for

the baker. If eucb a teohnlo were used, exacting control would

be accessary baoouoe of the erltieel nature of prowlneee sup*

pleoentation, nan auch control aeaeures era not available, on

ensjwe preparation with a protainaao alsbB-ecjrle.se activity

r»-tlo epproaieetely the saao ai th. t for laalced viiest flour would

probably protiuoe the ooat desir. lo recti



ha-aaylaso *nr I roteinasu ctivitlei "torege.

The reaults from a study on the effect of ston ,e under

oxygen, nitro, on and air atmospheres at three different tempera-

tures on the retention of alpha-nmylase and proteinase activities

of iihozyme-:: supplemented flour ere presented in table 22.

nifleant differences in the ai;ht>,-wiyleso aotivlt.ies at the dif-

ferent temper: turea veers observed (Table 23) • -he ourves of

4 lute II provided a graphical representation of the relationship

of alpha-antylase activity retention to time and temperature of

storage, lour fit.-rod in the cold room retained the greatest

amount of al <ha-umylase activity. 'the sJ las* activities

fell during the first few months then leveled off. i is does

not necessarily lnaioete a serious problem in oomeroial supple-

mantt.tlon.

The gaseous atr.os.Jiereo did not signlfioantly affect reten-

tion of either alpha-amylase or proteinase activity. oth

stortge temperature and length of stort., a exerted a marked

effect on the retention of protoinase activity. :he ourves of

.late II indlotted storage in the cold room produced less de-

crease in proteinase activity ttu-n etorttge at either room tem-

perature or at 35°C. >ith the approcoh of suower, the tempera-

ture in the laboratory increased and for considerable periods

was substantially greater than 35°C. This aooounta for the

intermingling of the room temperature end 35°C. curves.
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Table 33. -nalyBia of variance of the ei'feot of temperature and
oua atmosphere upon the retention of clpha-

-

eayla.ee and proteinase activities during

Souroe of variance : e^-eas of freedom : *;ean square : F ratio

- luhu-smylase activities

Atmosphere 2 5

P* 72
Tempera tor* 315
Length of e tores* 1 64.A2

oephere x tempera- A —

-

ture
oephere x length 8 10.1 1.191

of atorage
Temperature x length 8 29.2 3.U1

of storage
atmosphere a length 8.5
of etorege x
alpha-emylaee

Total U

bolnaAe aotlvltlaa

Atmosphere 2 19 1.A81

Temperature 2 U3
. Length of storage 4 32 .5 2

ioephere x 4 9 ...
temperature

Atmosphere x length 8 6 ...
of storage

5.9A2Temperature x length 8 ?0
of storage

oephere x lr 16 12.8
of storage x
alpha-amylaee

Total U

^significant at iUie 5 percent level.
ignlfloont ot tha 1 percent level,

lcroflorr. Development

The Moroflore of the supplementation pnyaMtiMM were ln-

vsstigated by 4etert».inin£ the number of bpcterlal spore--



?ION OJ PLAT

Tne offeot o • atmosphere, te«pereture of storage,
and length of storage on the retention of alplio-a*ylaaa
activity by a flour flup'^lenonter! with Shozyri'.'

Fig. 1, csyr.cn atcocpbarc

i'lg. 3. j lr otoocpnare

curva a. 5°C. to 9°C.

Ourre b. 20°C. to 40°c.

Curve o. 35°c.
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10U OF PUIS III

rhe eff90 1 of gnseoue atmosphere, tew iereture of storage,
and length of etoraee on the retention of proteinase
activity by a flour eupplf iented

. 1. Oxygen atKoephere

Pig. 2. Nit Uero

Fig. 3. ' lr atmosphere

Ourve a. 5°v. to 9°C.

Curve b. i:0°c. to -to^J.

Curve o. 35
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Gram of preparation. The results wore as follows:

'ted wheat flour 2,100 spores per gram

405,000 " "

ta3«-29 1,000,000 " " "

JO "

The counts for Khozyne-.: end Di«otnao-29 appoer very high. How-

over, based on equivalent alpha-cjiylose ootl7lty there is not

muoh differenoe betwc me-fl anil thu salted wheat flour.

In supplercoating 100 grams of flour to IX concentration of alpha-

amylase, 535 spores would be added If the malted wheat flour was

used, while 555 sporos would be added if Rhoayme-S was added.

In supplementing 100 grams of flour to IX concentration witfe

Dlastose-29, ?,350 spores would be added.

Txoa. the oritlolsm of James and Ctoith (10) of the

present . . . . method of determining rope sporu oounte, it was

concluded that these results merely a-ve presumptive ladle; tlon

of the number of rope spores present. However, rope development

in bread baked with either JUioayms-r, ' ssa-29

and stored up to eiaht days under favorable conditions was not

observed.

Balls the results of this investigation indicated fungal

enzyme prepositions may be used as eoamercit.1 rlpha-amylese

supplements for flour, the approval of tl.e Hire Food end Urug

j niBtretion must be secured bsfore such preparations i-ey be

utilised for oewnerolal flour supplementation.



STOfifjUT AND C0NCU7SI0HS

1. Comparison of the alpha-araylolytlo and proteolytic

activities of eight enzyme concentrator ladioated that an enayme

ooaoentrate oould be obtained whioh would possess any desired

proteinase to alpha-smylase ratio.

2. Variance of dextrlaogealo aotivities of a aeries of

ihozyme-S samples suggests enzyme concentrates should be

standardized on dextrlaogealo activity.

3. r:hozyae-S, Maltaae-20, Dlastaee-33 and Dlaatasa-34

supplementation may be used to produce bread comparable in quality

to that produced with malted wheat flour. Dlaataae-29 and Diaataae-

32 liquified the sponges if used in ooaoeatratioas sufficient to

produoe beneficial results from the alpha-amylase. The bacterial

preparations, Elastase-28 aad -30, were undesirable as alpha-

amylase supplements for flour siaoe they oaused stlciy aad gummy

bread crumb.

4. The alpha-amylases of various bacterial enzyme concen-

trates may vary in thermostability.

5. Increasing the temperature from 30°C to 50°C oaused the

alpha-amylase of malted wheat flour to increase more in activity

than either Jiastase-23 or Claataae-30.

6. Bqulvaleat amouata of Diastase-28 aad -30 (baaed on

deztriaogealo activity at 30°0) produced maximum viscosity values

sigoifloantly lower than the values for malted wheat flour. Thus,

equivalent amouata of )laetase-28 aad -30 (bacterial) alpha-

amylaae apparently cause greater starch degradation than an equiva-
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lent amount of malted wheat flour alpha-aaylase even though

thermostability and lnorease In activity at higher temperatures

data Indicate malted wheat flour would produce the greatest

staroh degradation. Thla apparent anomaly may be explained by

assuming a lesser affinity of baoterial alpha-aaylase for lower

molecular weight dextrine.

7. Pilot plant baking studies with Rhozyae-9 and Maltaee-

20 confirmed the experimental baking suggestion that these two

preparations may be used on a oomaeroial scale to produoe bread

oomparable in quality to the bread produced with malted wheat

flour.

8. Pilot plant bakery Investigation demonstrated that it

would be feasible to dilute oomaeroial enzyme preparations with

flour to the alpha-amylase activity of oomaeroial malted wheat

flour, thus, the malt feeders now in use in flour mill could be

used to blend in the diluted amylase preparations.

3. The desirability of reducing the proteinase aotlvlty of

1 hozyme-S was demonstrated by baking with ncozyme-S extracts in

whloh various amounts of proteinase had been inactivated.

10. Investigation of the separate effect of alpha-amylase

and proteinase supplementation corroborated the work of Read and

Haas (21), that various floura may be improved by inoreaenta of

proteinase enzyme concentrate.

11. The level of proteinase supplementation waa found to be

quite orltioal while the amount of alpha-amylase supplementation

oould be varied considerably without oaualng excessive detri-

mental effects.



12. Inoreaelu^ amounts of proteinase and or alpha-SJBylase,

Increased the bread crumo compressibility.

13. Jaaeoue atmospheres did not significantly affect the

retention of alpha-amylaee and proteinase activities. The higher

temperatures significantly decreases both alpha-amylaae and

proteinase activities below that of the aotlvltles retained by

storage in the eold room. The proteinase activities consistently

dscreased daring storage. Ah lie significant deorease in alpha-

amylaae activity was found, a serious problem In oouunerolal

supplementation is not neoeeearliy lndioated.

14. Commercial enzyme preparations would not necessarily

introduce more baoterial spore oontajalnatlon than would malted

wheat floor supplementation when compared on equivalent alpha-

amylase concentration.

1}. The approval of the Pare Food and Drug Administration

Hist be secured before fungal enzyme concentrates may be used

for commercial flour supplementation.
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