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PART A

INTRODUCTION




I. General

One of the most important post-war aims i1s a more
adequate diet for all peoplee. To achlieve this, the produc-
tion of each dletary essential will need to be carefully con-
Sldered and the production of some commodities may have to be
greatly increased if more people are to be adequately fed
from approximately the same acreage. This investigatlion has
sought to make cereal germs more acceptable as a human food
and thereby to make available a rich source of the B-vitamins
and a large amount of highest quality protein in addition to
fat and vitamin E. The cereal germs have an additional
significance in economy of production since they are plant
products which do not need to be transformed by anlmals to
glve these lmportant dietary essentials.

The germs of wheat and corn are the most lmportant from
the standpoint of quantity available. Both are by-products
of the milling industry and are used ag animal feed,
generally as components of the bran and in limited amounts
a8 a source of oil. This investigation was confined to
studlies on wheat germ.

The annual production of wheat germ, as such, in the
States 18 estimated to be 30 to 50 million pounds. However,
the present milling yield of about 0.5% indicates a
potential production of about 150 mlllion pounds of germ
(35). The wheat kernel is reported (2) to eontain 2.2 =
3.0% of germ and therefore it is possible that, in the
future, the milling yield and hence the potentlal production
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of wheat germ may be greatly increased. For Canada, assum-
ing an annual production of 350 milllon bushels of wheat and
& yileld of only 0.5% of germ, the potential production of
wheat germ 1s about 100 million pounds per annum,

The proximate composition of wheat germ as glven by

Schuette and Palmer (63) is as follows:

Per cent - dry welght

Crude Protein 23.6 -  40.7
Ether Extract 6.0 « 13.5
Crude Fiber le.6 = 4.7
Ash 3.9 - 6.4
Nitrogen-Free Extract 39.2 = 48.5
Calcium (Ca) 0.07
Phosphorue (F) 1.05

Iron (Fe) 0.007

The low crude fiber and the high crude protein and ash are of
special nutritional significance. Grewe and LeClerc (36)
have made an extensive review of the literature on the come-
poeition of wheat germ from different varletles of wheat.

Wheat germ protein, as shown by Hove and Harrel (43),
has a biologlcal value for rats qulte close to that of casein,
skim milk and dried egg white and further 1t has excellent
supplementary qualities.

In addition, wheat germ is an excellent source of the
"vitaminsB-complex" as Munsell and De Veney report (57) and

when added to bread increases conslderably its content of
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these vitamins (54,55), at a 204 level it trebles the vitamin
value of the loaf. Crampton and Ashton (23) in feeding
trials with rats found a high value for the "vitamin-B-complex"
content of wheat germ and the individual Bevitamin content

of defatted wheat germ has been reported (75) as follows:

Thlamin 33 Jege per g.
Riboflavin Qg " noon
Pantothenic Acia 26 " non
Pyridoxine 15 " non
Niacin 80 " "oon
Biotin O.45 " n oo
Inositol 2.5 mge per ge

Pearce (59) has found no detectgble loss of thiamin in wheat

germ during storage.

Solvent extracted wheat=-germ o0ll contains large amounts
of vitamin E (0.3 - 0.4%4) as reported by Parker and
McFarlane (58).

These analysis serve to indicate the high nutritive value
of wheat germ and to emphasize the importance which should be
attached to 1ts largeescale utilization as a human food.

Il. Enayme Systems in Wheat Germ

(a) General

Wheat germ constitutes a llving system from which a
whole plant will develop, and hence possesses an lntricate

gsystem of enzymes and actlivators. These enzymes are
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responslble for many of the difficulties attending the use of
this material as a food; it quickly develops "off«flavours"
in storage and it liquifies the dough in bread making. There-
fore, a thorough study of the enzyme systems might provide a
solution to the two problems and lead to the creation of a
stabllized wheat germ which could be used in the fortification
of bread.

We will not be concerned here with carbohydrase since
they cannot have any relation to the problem. Sumner (71)
reports the presence of a consliderable amount of lipoxidase in
vheat germ so that fat oxidation might be a cause of the deter =
loration of wheat germ during storage. Sullivan, Near and
Foley (70) conclude that the fat of fresh germ has little or
no effect on the properties of patent flour as shown by
farinograph curves and bakling testse. However, they observed
that unsaturated fatty acids when exposed to oxygen have a
deleterious effect on the baking qualities of the flour.
Bull (20) reports that fatefree wheat germ does not possess
improved baking qualities. However, Pearce (59) did not
find that peroxides increase during the storage of wheat
germ and his results seem to indicate that protein hydrolysis
may be chlefly responsible for the spollage of wheat germ.

Balls and Hale (3,4,6) maintain that the wheat protein-
ases active in the baking process belong to the papaln group
and Jfrgensen (46) has shown that a close analogy exists
between papain and the wheat proteinases. Flohil (29) also
concluded that the wheat germ proteinases resemble papaln in



thelr properties.

A high degree of concentration and purification 18 re-
quired before an enzyme preparation from wheat, of even
moderate activity, is obtained (5). There 1s no apparent
distinction between latex-borne and other plant proteinases
as such, possibly because the source of the latter may also
have been a system of latex vessels. Winnlick, Davis and
Greenberg (79), for example, emphasize the similarities be-

tween papaln, bromelin and asclepain.

gbz Papaln-Like Enzyme

From the work of Bergmann and co=workers (12,13,14)
employing synthetic substrates, it will be realized that papain
has a broad range of specificlity since it hydrolyzed peptides
derived from many different amino acids. Behrens and Berg-
mann (10) give tentative evidence for the existence of more
than one enzymatlic component by comparing the activity of
several papain preparations toward le-leucineamide and carbo-
benzoxy-isoglutamine.

Balls and Lineweaver (7) have isolated a crystalline
enzyme preparation from papain latex and they found tﬁat the
ratio of milkeclotting activity to hemoglobinedigesting
power varied with different papain fractions and concluded
that papailn may contain more than one enazyme. Jansen and
Balls (45) isolated a new enzyme from commerclal papaln which
they called chymo=papain and with which they found the ratio
of milk-~clotting activity to hemoglobln dlgestion to be exact-

ly twice that of crystalline papain. The qQquantity of



chymo-papain present in crude latex is conslderably greater
than the papain content. Probably papaln and chymo-papain
are the same as the papainepeptidase I and papain-peptidase
II of Bergmann et al. (13).

{c) Papaln Activation

Since the discovery in 1903 by Vines (74) that papain
could be activated by cyanide ions, there have been numerous
experimental studies of the mechanism of this phenomenon.
Mendel and Blood (51) concluded that cyanide and other acti-
vators acted in a manner analogous to that of coenzymes,
broadening the specificlty range of papain but this theory
was subsequently abandoned.

Most of the known activators -- ¢ystelne, glutathlone,
hydrogen sulphide, thioglycolic acid and sulphite == are re-
ducing agente and,accokrding to Bersin (15,16), natural papain
is inactivated by oxidlzing agents and reactlvated by these
reducing agents. He has concluded that inactlive papain re-
presents the disulphlde form of the enzyme and that the pro-
cess of activation conslsts in a reduction of dilsulphide
groups to sulphydryl groups.

According to Frankel (32) no cyanide ions were destroyed
in the course of an enzymatic digestion and thls precludes
1ts action as a reducing agent. Fruton and Bergmann (33) in
the course of a purification of papain, observed that the pre-
cipitation of a cyanide-activated preparation by isepropyl
alcohol resulted in nearly complete loss of activity. The

quantitative study of this behavior by means of synthetic sub-



7

strates gave resulte which could not be reconciled with the
oxldation-reduction theory. In order to explaln these re-
sults the authors found it necessary to return to the co-
enzyme theory of Mendel and Blood and to assume that cyanide
lone combine with the "inactive" papain to form a dissoclable
cyanide-papain complex which represents the cyanide-activated
enzyme. Since the disulphide-sulphydryl theory of papain
activation postulates that the function of the activator is
to reduce disulphide groups, one would be forced to conclude
that, regardless of the activator applied, the same activated
enzyme would result. On the other hand, from the co-enzyme
theory, 1t may be expected that the various enzyme~activator
complexes, derived from the same enzyme, would differ more or
less in thelr specificities; and this 18 the case as shown by
Fruton and Bergmann (33).

Finally, Bergmann (11) outlined a new theory based on

sound experimental work, which can be expressed thus:

d -papalin reduction j3-papain HoS = Ha2S-papaln
disulphide form > sulphydryl form < ~ complex forn
(inactive) oxidation (inactive) evacuated (active)

d-Papain might be activated by hydrogen sulphide (not by
cyanide ions) and when the hydrogen sulphide is subsequently
removed in-vacuo, a second lnactlive form,Q-papain is obtained
whieh can be activated by cyanide lons. The fact that the
activation of papain by hydrogen sulphlde or cyanide lons may

be reversed by evacuation, shows that two dlssoclable complex-

e8 are formed.
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The fact that the specificity of an intracellular proe
telnase 1s not rigidly determined, but may be altered in
varlous ways by different activators, is of obvious signifi-
cance :in‘ the general problem of protein breakdown. While
glutathione has been accepted as a possible, naturally
occurring activator, it is clear that other substances
(cysteine, cysteine peptides, possibly ascorblc acid, etc.)

shown to occur 1n living tissues are also potential activators.

(a 2 Glutathlione

Glutathione was discovered about 50 years ago but was re-
discovered in 1921 by Hopkins, who later devised a rapid and
easy method (42) for isolating it in a pure crystalline form
from yeast. Glutathlone 1s a tripeptide of glycine, glutamic
acid and cysteine. Kendell, McKenzie and Mason (48) claim
that the glycine is attached to the carboxyl group of the
glutamic acld nearest to the amine group, and the cystelne 1is
attached to the other carboxyl group of the glutamic acid
molecule. Regnler (61) has devised an improved method for
isolating glutathione and Meldrum and Dixon (49) have made an
excellent study of the properties of glutathlone. Barron
and Singer (9) have studied the role of glutathione in various
enzyme systems and found that 1t has some effect on pyruvate
oxidase, pyruvate condensatlon enzyme, pyruvate dismutation
enzyme, d ~-ketoglutarate oxldase, malate oxldase, transamlnase,
monoamine oxidase, d-amino acld oxidase, l-glutamate oxidase,

stearate oxidase, oleate oxidase,(g-hydroxy butyrate oxidase,

lipase and native myosin.



The role of glutathione in living cells seems to be to
maintaln the sulphydrylecontaining enzyme systems in an active
state. Quastel and Wheatley (60) suggest that the controll-
ing action of glutathione on aerobic fermentation is probably
of slgnificance in the normal metabolism of the cell. An
important role of glutathione is the maintenance of the reduce
ing actlivity of the cell which seems to be necessary, 8since
syntheslis in the cell 1s a reduction process, whereas oxidation
leads to the breaking down of the cell compounds.

In 1937 Sullivan and Howe (67) isolated 0.1 - 0.2 %
glutathibne from wheat germ, although Sullivan, Howe and Schmalz
(68) had obtained (py iodine titration) a value of 0.46 % of
glutathione in g very fresh and speclally purified sample of

wheat germ.

III. Wheat Germ as a Food

(a) Wheat Germ Cereals
"TPonik" Wheat Germ, a product of the VioBin Cerporation,

Montecello, Illinois, 1s the fat-free resildue and has good
keeping quality. However, solvent extraction of the fat,.
in this case with ethylene dichloride, i1s a relatively expen-
slve process and the product can only be used in baking
bread in very limited quantitlies. Wanklyn and Stacey (77)
patented a wheat germ food prepared by holding the wheat germ
at about 57°C. for eight hours in a closed vessel under a
vacuum of 20«27 in. of mercury; the object belng to remove

moisture without damaging the vlitamins, etc. Another
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patented product (26) saild to be free from rancldity is pre-
pared by mixing sodium chloride with fresh wheat germ, grind-
ing this mixture to about the consistency of flour, then
mixing with an inert nonefatty filler such as potato flour
and finally drying the mixture.

Hertwig, secretary of the Committee on Foods of the
American Medlcal Assoclation (38), called attention to the
palatabllity, pleasing and appetizing appearance, and the
good keeping qualities of lightly toasted wheat germ. In a
secéond article (39) Hertwig said that the addition of toasted
wheat germ to flour for general baking purposes might deserve
consilderation for developing a new line of bakery good with
supplemented nutritional values and thereby tend to lncrease
flour consumption for the benefit of the milling industry and

at the same time raise the vitamin level of the average diet.

(b) Wheat Germ in Baking
According to Rich (62), the poor baking qualities of the

lower grade flours was due to contamination with germ
particles and the improvement due to artificial maturation
was caused by a reaction which apparently involves the oxlida-
tion of some constituent of the germ. The maturing effect
seemed to be influenced to some extent by the protein content
of the flour. A similar conclusion was arrived at by Flohil
(29), and Geddes (34) found that adding germ to fifth middling
flour markedly reduced 1ts baking quality. Increasing the
fermentation time or the addition of bromate and heating the

germ before adding the bromate, reduced the harmful effect of
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the germ. Sullivan, Near and Foley (70) found that fresh
wheat germ had a very deleterious effect on the baking
quality of patent flour, but when stored with a relatively
high moisture content and at room temperature, in a sealed
contalner, wheat germ lost much of its injurious action.

Grewe and LeClerc (37) reported that soaking wheat germ
in water caused a marked improvement in its bread-making
propertles when added to flour dough. The beneficial effect
of this steeping process increased with increasing time up to
8lx or eight hours. The addition of 2.5 or 5 4 of steeped
germ gave a better bread than when no germ is used and 15 to
20 £ still produced a very satisfactory bread. Steeping
increased the diastatic power and decreased the oxidizable
substances. Contrary to this, Smith and Geddes (65) found
that germ which had been steeped in water for six hours stilll
had the same harmful effect, but if relatively large amounts
of potassium bromate were added to the steeping-water, an
improvement resulted. Following a suggestion by Hullet and
Stern (44), the same authors found that by pre-~fermentation
of the germ, the injurious effect on the dough gradually dis-
appeared as the time of pre-fermentation increased up to 4.5
hours and further improvement was obtalned by adding bromate
to the pre~fermented germe.

The effects on dough of oxldlzing substances, or reduclng
substances, or proteases activated by sulphydryl groups, has
been investigated by several cereal chemists. Shen and Geddes
(64) reviewed the literature on this subject, up to the second
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half of 1941 and more recent reviews have been prepared by
Ellon (27) and Stern (66). It 18 evident from these reviews
that the problem is very complex, that many reactions take
place, and it has still to be determined which are involved
in the actlon of wheat germ on the properties of the dough.

According to Jgrgensen's theory (46,47), oxidizing
agents used in baking suppress the action of glutathione in
activating the powerful but normally inactive proteolytic
enzymes present in the dough. Balls and Hale (4) have shown
that chlorine reduces flour proteolytic activity and they also
concluded that similar effects are produced when an oxidant
18 added to the dough as a bread improver. This view was
also supported by Flohil (29), by Melville and Shattock (50)
and by many others.

At temperatures below 40°C. large excess of bromate was
necessary for the rapid oxidation of glutathione (8l1). The
action of bromate as an improver in wheat flour dough 1is
known to be gradual and this is explalned by 1lts slow rate of
oxidation. A small amount of oxidized glutathione (one
part in 25,000) has a beneficial effect on dough (82). The
improvement of baking strength caused by the addition of
bromate 18 not merely due to the suppression of the harmful
effect of the protease activator, but can partly be explained
by the subsequent presence of oxldized glutathlone in the

dough.
When Sullivan, Howe and Schmalz (68) first observed the

harmful effect of glutathione, they cautloned against too
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narrow a view regarding the activation of proteolytic enzymes
by substances containing the sulphydryl group, because many
compounds, lnorganic as well as organic, can materially
influence the colloidal behavior of the gluten protein by
modifylng the oxidationereduction system., Similar suggestions
were made later by Ford and Maiden (31), Balls and Hale (5)
and recently Sullivan, Howe, Schmalz and Astleford (69).

Hills and Balley (40) found that papaln digestion increas-
ed amylase activity of ungerminated barley approximately 100%
due to the proteolytic release of /J~amylase associated with
water-soluble materials. This might possibly be a secondary
effect.

Stern (66), in a very recent experiment, showed the co-
exlstence of an activatlon of the proteases by wheat germ -
extract and the direct effect of the extract on gluten. She
also found a considerable amount of dehydrogenases 1n wheat
germ and observed that fermentation speeded up their otherwlse
slow actione. Nothing 18 yet known about the mechanism of
this acceleration except that it involves the gluththione pre-
sent in the yeast cells (44). This would explain the
beneficial effect of pre-fermenting wheat germ before adding
1t to the dough and of prolonged fermentation of low-grade
flours.

Meanwhile Brown and Goddard (19) reported that the great-
er part of the cell respiration of wheat germ is mediated by
its cytochrome oxidase and found the typlcal absorption band
of the cytochromes. The two extremes of the "Hydrogen
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Bucket Brigade" are therefore found in action and at one end

the dehydrogenase promotes the oxidation of glutathione which
proceeds beyond the disulphide stage.

IV. Purpose of the Present Study

The practlcal aim of the present investigation was to
make wheat germ more palatable, more stable and to produce
a materlal which could be used to fortify bread with the
B Complex and with protein of high blological value. It would
appear to be a much sounder practice economically and nutrli-
tionally to fortify bread from a natural source. In the
light of the above literature review, the fundamental approach
to the problem includes (1) the controlled inactivation of the
enzymes and (2) storage and baking tests on the products.



PART B

METHODS
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1. Determination of Lipoxidase Activity

(a) General

An adaptation of Sumner's method (71) was made to suilt
our conditions for the analysis of wheat germ. 1In dilute
water suspension fat peroxidee oxidize ferrous iron, and the
ferric iron formed can be determined colorimetlically as the

thiocyanate (80), according to the following equations:

lipoxidase
=CH=CH~- + Op P -t -gﬁ:gﬂ-

-QH-gH- + 2Fe”+2H—————> - H-gH- + 2Fe+}r1l
H OH

+ 6CN > Fe[Fe(CNS)g] red colour

+4+4

2Fe

In the determination of lipoxidase activity by Sumner's
method (71) an aqueous enzyme extract is allowed to act for a
certain time on the highly unsaturated llnoleic acid and the
amount of ferrous ion converted to ferric 1s measured color-
imetically. A unit of lipoxidase is deflned as "the activity
which in the presence of 5 mg. of linolelc acld in the des-
eribed mixture catalyses the reaction of one microgram of
oxygen in one minute at 25°C. and pH ™.

{b) Procedure

A 2.5 ge portion of finely ground wheat germ was welghed
into a 250-ml. Erlenmeyer flask; 100 ml. of distilled water
added, and the flask shaken ln a mechanical shaker for half an
hour. A portion was then centrifuged for 10 minutes in a

15-ml. centrifuge tube at 2000 revolutions per minute ln a
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clinical centrifuge, giving a clear enzyme extract.

Meanwhlle into four 250-ml. Erlenmeyer flasks were placed:
(1) 5 ml. of acetone containing one mg. of linoleic acid per
ml, This solution was freshly prepared because linoleic acid
oxldizes falrly rapldly in acetone solution and therefore an
old solution gives high blank values.
(2) 5 ml. of citrate buffer, prepared by mixing 55 ml. of a
solution of citric acid (21,008 g. per liter) and sodium
hydroxide (8 g. per liter) with 45 ml. of O.1l normal sodium
hydroxide.
(3) 100 ml. of distilled water.

Two of these four flasks were used as blanks and to these
10 ml. of concentrated hydrochloric acid were immediately
added. Then one ml. of the enzyme extract was added to each
of the four flasks and to the two test flasks, 10 ml. of con-
centrated hydrochloric acid were added after exactly 5
minutes to stop the enzyme action and to provide an acld
medium for the oxidation of the ferrous lons. Then one ml.
of a 5 % solution of ferrous ammonium sulphate in 3 % hydro-
chloric acid wae added. After thoroughly mixing, 5 ml.

aliquots from each flask were transferred to test tubes and,
exactly 15 minutes after the addition of the ferrous salt,

5 ml. of 954 ethanol and 1 ml. of 20 ¥ ammonium thiocyanate
were added, each tube was shaken and the red colour which de-
veloped was read with the Coleman spectrophotometer at 455 m.p.

The calculation of lipoxidase activity was made from the

equation:
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T-B) x Vx O
Fextx—wrgTﬁBx280.3unitsperg.

= mlcrograms of ferric ions in test solution
L1] " " L1 " bl ank 4]
= volume of solution for enzyme digestion (121 ml.)

O < W =3
1"

= atomic welight of oxygen (16)

*x)

e : " " " iron (55.84)
= time (5 minutes)
=welght of enzyme source (%63 = 0.025 g.)

gcz Absorption and Calibration Curves

A solutlon was prepared containing all the reagents for

=

the determination with the exception of the enzyme-extract
and the linoleic acid, having 2.0 p.g. per ml. of ferric
thlocyanate. The absorption of light at different wave
lengths was determined with a Coleman Spectrophotometer.

As shown in Fig. 1, the maximum absorption was found to occur
at 455 millimicron.

To make a callbration curve a standard solution of ferric
chloride hexahydrate was prepared in a similar mixture of the
reagents. (Ferric chloride hexahydrate contains 20.32 %
ferric ion.) Many dllutions of the original solution were
made to give the desired pointe on the curve. The colour was
developed, a8 in the procedure above by mixing 5 ml. of each
dilution with 5 ml. of 95 % ethanol and 1 ml. of 20 ¥ ammonium
thiocyanate. Readings were immediately taken with the Coleman

Spectrophotometer set at 455 m.p. Flg. 2 shows the ferric

lon concentration in gamma per ml. in the reaction mixture.
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Flgure No. 1

Lipoxidase Determination = Absorption Spectrum
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For concentration between 1 and 6 gamma of ferric ion per ml.

of reaction mixture, K.2210 31."' 0.1244 + 0,0009, which shows
that the curve 1s logarithmic in form (G =galvanometer read-

1ng).

(4) Study of Conditions for the Determination
(1) General: Since the calibration curve is logarithmic,

the sensitivity of the method decreases at high colour
intensitles. For this reagon no readings were taken at cone-
centrations greater than 4 un.ge. of ferric ion per ml. It
was also found important to use pure reagents and well washed
glassware rinsed in distilled water. A8 a further precaution
the ferric thlocyanate colour was developed under red light;
bright daylight and electric light lncrease the intensity of
the colour. Some trouble was also encountered when poor
quality linoleic acld was used as it increased the value for
the blank. Furthermore, the enzyme concentration and time

of reaction had to be adjusted accordingly.
(2) Preparation of enayme extract: At first the wheat

germ was ground in a mortar with acld-washed sand (53) but
excessive quantities of iron remained which gave highly
coloured blanks. It was later found that the wheat gernm
could be ground Jjust as satisfactorily without sand. Differ-
ent concentrations of wheat germ in water were tried to deter-
mine the best conditions for extractlion and also to glve
readings in the most sensltive section of the callibration

Curve. The optimum concentration was 2.5 g. of wheat germ
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in 100 ml. of water with 30 minutes shaking. Filtering the
extract was compared with centrifuging and it was found that
flltering reduced the lipoxidase content by as much as 50%.
The time and speed of centrifuging also had some effect;

2000 revolutions per minute for 10 minutes. gave a clear ex-
tract. It will be evident that the detalls of the procedure
must be adhered to if comparable results are to be obtained.

(3) Reaction time: Summer found that the formation of

peroxides was not directly proportional to reaction time, but
using a short reaction time and a diluted enzyme extract, the
reaction can be considered as being proportional to the

enzyme concentratlon and hence the determination is simplified,
although in this instance the error is multiplied in calculat-
. ing the lipoxidase concentration. Teking into conslderation
(a) the range of accuracy of the calibration curve, (b) maximum
values and (c¢) the straight-line portion of the curve obtained
by plotting peroxide formatlion against time for two samples of

wheat germ, the optimum reaction time was found to be 5 minutes.

II. Determination of Proteolytlc Activity
{a) General

When confronted by the task of chooslng from the liter-

ature a method for determining proteolytic activity applic-
able in our work, two general types of procedure were found
to be available. The first method uses the material under

test as the substrate. Calirn and Bailey (21) made a study
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of elght methods of this type. Denham and Blair (24) and
Balls and Hale (2) added two more. These procedures are
generally not very sensitive and some are quite cumbersome
because they involve a series of amino-nitrogen determinations.
The second method employs an artificial substrate such as
casein, hemoglobin, gelatin, etc. and purified enzyme pre-
parations. Balls et al. (8) and Anson (1) outlined two
such methods for determining papain. These methods are
generally too long and exacting for routine tests. It is
known that enzymes do not attack different substrates in
exactly the same way. In this study we are lnterested in
the proteoclastic power of the wheat germ enzymes on the pro-
teln of the wheat germ ltself, so we have used the whole
wheat germ as the substrate and the source of enzymes, thus
avoiding the danger of changlng the specificlity by extraction.
As early as 1903, Vines (T4) used the increase in free-
tyrosine as a measure of proteolytic breakdown and more
recently, Anson (1) measured the blue colour given with the
phenol reagent and expressed the results in milllequivalents
of tyrosine, although reallzlng that the reactlon was not spee
cific, some of the colour belng due to tryptophane, cysteine,
etce. This reaction is employed as the basis of our method

which 18 described herewlth.

gbz Procedure

Four 0.250-g. portions of flnely ground wheat germ were

placed in Erlenmeyer flasks; to the two control flasks 20 ml.
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of a 10% solution of trichloracetic acid were added and then
to all of the flasks 20 ml. of citrate buffer (pH 4.5) and
100 ml. of distilled water were added. The buffer Wag pre-
pared by mixing 70 ml. of a solution of citric aecid (21.008
8+ per liter) and sodium hydroxide (8 ge per liter) with 30
ml. of O.1 normal hydrochloric acid. After incubating at
37°C. for exactly 6 hours, 20 ml. of a 10% solution of tri-
chloracetic acid were also added to the two test flasks and
after proper mixing, the solutions were filtered through a
Whatman 42 filter. One-ml. aliquotes of each filtrate were
placed in large test tubes, and 20 ml. of water, one ml. of
385 normal sodium hydroxide and one ml. of "phenol reagent"
were added to each. After standing 10 minutes the colour

was read 1ln a Coleman Spectrophotometer set at the 650 m.u.

wave-lengthe.
The sodium hydroxide was used to neutralize the trichlor-

acetic acid, to make the solution alkaline so that the
"phenol reagent" reacted with tyrosine and to destroy the ex-
cess of reagent. The "phenol reagent" was prepared accord-
ing to Folin and Cilocalteu (30) with lithium sulphate.

The unit of proteolytic activity 1s expressed as "milli-
equivalents of tyrosine per kilogram of wheat germ liberated
under the test conditions". It was reallzed that not all
the blue colour developed was due to tyrosine, however the
colour is expressed in milliequivalents of tyrosine as 1t was
read from the callbration curve. The blank corrected for

the pre~existing amino acids and other substances that glve a
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blue colour with the "phenol reagent".

The followlng equation was used to calculate the units
of proteolytlic activity:

(T « B) xV
e X W

T:concentration of tyrosine in test solution in gamma per ml.

= (T - B) x 3.1 units/kilogram of wheat germ

B- " " " " blank " e e
V:volume of solution in ml. (140ml.)

W:welght of sample in g. (0.250 g.)

e zequivalent weight of tyrosine (181 g.)

{c) Absorption Spectrum and Calibration Curves
In Plg. 3 the galvanometer readings are plotted against

wave lengths for a tyrosine solution containing 34 m.g. per
ml. The colour was developed in exactly the same way as des-
cribed for the test. Maximum absorption occurs at a wave-
length beyond the useful range of a Coleman Spectrophotometer
so it was decided to use the 650 m.u. wave-length.

The calibration curve (Fig. 4) was obtalned with differ-
ent dilutions of a standard solution prepared by dlssolving
100 mg. of (Eastman Kodak) tyrosine in 200 ml. of a mixture of
5 parts of distilled water; 1 part of a 104 solution of
trichloracetic acid and 1 part of citrate buffer (pH &.5).
The ecurve obtained 1s not logarithmic although Folin and
Ciocalteu (30) obtained a logarithmic curve under certain
specific conditions using a large excess of "phenol reagent".

Fig. 4 shows that the most sensitive readlngs were obtained,

and hence the optimum conditions for the test, at
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Flgure No. 4
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concentrations between 10 and 80 m.g. per ml.

(4) Study of Conditions for the Determination

o (1) Sample size; The optimum conditions are those which
glve the maximum proteolytic activity per unit of wheat germ.
From preliminary tests it was found that less than 0.2 g. or
more than 0.5 g. of wheat germ in 140-ml. of digestion mixture
gave readings beyond the limits of the accurate range of the
calibration curve. Finally a series of experiments were
conducted to establish the optimum concentrations within the
range given above. Some typlical results are shown in

Table I.

Table I
Proteolytic Activity with Varying Amounte of Wheat Germ

Weight Proteolytic Activit
of q Activity of

Sample Units 0.25-g.sample

(g.) PH4 pH5 PH4 pHS
0.200 29 19 91 83
0.250 32 23 100 100
0.300 27 23 85 99
0.400 22 20 68 87
0.500 13 8 40 35

1.000 8 6 25 29
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From Table I 1t can be deduced that 0.25 g. 18 the most satis-
factory welght of wheat germ. The results in columns 4 and
5 indicate that at the higher pH the decrease in proteolytic
actlvlity for a given increase in concentration is not as
great as at the lower pH. This may be due to the greater
solubllity of the protein at the higher pH.

(2) pH: Since 1t i1s well established that the enzyme of
wheal germ is of the papain type, pH's between 3.5 and 6 were
tried in a series of three experiments with the results shown

in Table II.

Table II
Proteolytic Activity at Various pH's

Proteolytic Activity

pH Welght of Sample
0.20 Eo‘ 140 ml. 0025 p;.ilﬁo ml. MO g.[l‘t-O mle.
Units Per Cent Units Per Cent Unite Per Cent #

3¢5 27 72 29 78 26 82

4,0 29 83 32 86 27 87

4.5 35 100 37 100 31 100

5.0 19 55 23 63 23 75

600 - - 19 51 - -

# taking pH 4.5 as 100 per cent.

From Table II it is quite clear that pH 4.5 1s the optimum

for dlgestion.
(3) Temperature: The initial determinations were carried
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out 1n a small oven, heated by two 25e«watts bulbs and the

temperature was controlled at 40°C. by a DeKhotinsky Thermo=
regulator. When the lamps were on, the flasks were
illuminated and therefore, to determine the effect of light,
later lncubations were carried out in a dark incubator-room

o
at 37 C. The results obtained under the two conditions are

given 1n Table III.

Table III
The Effect of Temperature on Digestion in Light and Dark

Weilght
of Units of Proteolytic Activity
Sample Oven "Incubation Room Per Cent #
(S‘) (400°¢.) (37°c.)
0.50 18 13 72
0.40 28 22 7
0.30 33 27 84
0.25 38 32 84
0.20 35 29 84

# activity in incubation room as per cent of activity in
copper oven.

The results in column four of Table II show that the actlvity
in the incubation room at 37°C. was only 84% of the activity

inh the oven at 40°C.
(4) Time: The optimum digestion time was then determin-

ed in a series of experiments with 0.25-g. samples at pH 4.5.
A typlcal series of results on two samples of different pro-

teolytic activity is shown in Table IV. A digestion time of
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6 hours gilves the most consistent results and the maximum
activity withln the range of greatest sensltivity of the cali-
bration curve and theremreissonavenient for dally routine

analysis.

Table IV
The Effect of Incubation Time on Proleolytic Activity

Tiie Units of Proteolytic Activity
Hours Sample "A" Sample "B"
2 24 16
4 28 22
6 31 25
8 30 20
10 27 17

(5) Activators: It was thought that activators such as

glutathione and sodium cyanide might reduce the digestion
time and increase the sensitivity of the method. Results

are given in Table V for a number of experiments with one

sample of wheat germ.
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Table V
The Effect of Activators on Proteolytic Activity

Actlivator Units of Proteolytic Activity
None (control) 31
0.5 mge Glutathione 31
1 mge " 31
0.25 mge Sodium Cyanide 28

Apparently wheat germ already contalned an optimum amount of
natural activators. The slightly reduced actlvity in the
presence of cyanide mlght indicate some effect of heavy metals
or enaymes containing heavy metals. This fallure to obtaln
activation was not important~since our maln interest was in

the naturally occurring proteolytic activity of wheal germ.

III. Fat-Peroxide Determination

The method of Chapman and McFarlane (22) developed 1in
this laboratory for the determination of fat=-peroxides in
milk powders was followed and was found both useful and
accurates It 1s an adaptatlion of Yule and Wilson's method
for gasoline and 18 paged on the oxidation of ferrous to
ferric iron by the peroxides preeent and the colorimetric
determination of the ferric lron as ferric thiocyanate (80).

The same welght of sample and dilutions as for milk

powders were used successfully with only minor changes such
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as decanting the reagent instesd of filtering after standing
two hours in the dark; preparing the blank with 9 ml. of re-
agent and 1 ml. of the same acetone as was used to extract
the wheat germ; and freshly redistilling the acetone before
use. The results of duplicate determinations agreed close-
ly and generally fresh wheat germ gave negatlive perox de
values. This can be explained by the presence in wheat

germ oll of some reducing substances, e.g. the tocopherols.

IV. Storage Tests

One of the objectives of this investigation was to pro-
duce from wheat germ, a cereal of good keeplng quality as
determined by storage test. The wheat germ was supplied by
Ogilvie Flour Mills Company Limited, Montreal, and was obtain-
ed from hard winter wheat by a dry milling process (11%
moisture), which gave a yleld of 0.25 to 0.50%. The purity
of this wheat germ is very high - about 95%.

In this storage trial untreated controls were included
together with the treated samples to dlscount the variability
in the samples and conditions of storage. Four types of
packing materials were used:

(a) "Perfect Seal" sealers.

(b) Laminated metal-foil packing envelopes - Reynolds

Metal Company, Richmond, Virginia.
(c) Uax:coated and wax-and-resin-coated cellophane

envelopes - Cellophane Division, Canadian Industries

Limited, Montreal.
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?he metal-foll and the cellophane envelopes are sealed,
alr-tight with a warm iron. When moderately filled with
carbon dloxlde, the wax-and-resin-coated cellophane envelopes
were slightly permeable to the gas and in about two days a
vacuum existed inslde, so that the two walls held together.
Air-packing and gas-packing were compared, the inert gas
belng either nitrogen or carbon dloxlde. Gas=-packing was per-
formed by almost completely sealing the envelopes but leaving
a small opening to introduce a flattened cannula through
which the vacuum was applied or the gas admltted. Evacuating
and gas-filling were repeated three or four times before the
small opening was sealed.

Most of the storage tests were made at 37°C. because
this temperature represented the highest probable shipping
temperature but occasionally accelerated tests were carried
out at 55°G. Light was excluded because of its known effect
on the stability of the samples. The value of these tests
may be questioned because these were not normal conditions
of storage and new factors, effecting the stablility of the
product, may have been introduced.

It is well-known that moisture has a great influence on

the keeping qualities of cereals so it was decided to control

the moisture content of each geries of treated samples - it

was generally kept below 5%
Two methodswere used to test the quality of the stored

product. Peroxide values were determined and a small panel

of Jjudges accessed the flavour and odour of the products.
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After experience to develop a sense of taste and smell, the
decisions of the panel were generally unanimous. It will be
shown, in the experimental part of this thesis, that the

peroxide-values were not highly correlated with other eriteria
of quality.

Yo B&kilg Tests

Baking tests were the final criteria of the quality of
wheat germ to fortify bread. These tests were carried out
in the experimental baking laboratory of the Ogilvie Flour
Mills Company Limited, Montreal. In the baking tests the
ingredients used were: 380 g. "Buffalo" flour, 19 g. wheat
germ, ll.4 g. yeast, 1ll.4 g. sugar, 6.6 g. salt and 200 ml.
of water. The yeast was dlssolved in 100 ml. of water and
the salt and sugar were dissolved in the remainder of the
water. All of the ingredients were mixed in a Hobart Mixer,
fitted with a cake paddle, and it was run for half a minute
in low gear and a minute and a half in second gear.

Loaf volume, crumb colour, texture and comments on the

handling gquallitles were recorded.
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I« The Preparation of a Cersal Food

(a) General

" The problems involved in the preparation of a cereal
food from wheat germ are mainly to improve its palatability
and 1ts keeping qualities. Light toasting 1s said to
improve the palatablility of wheat germ. Improved keeplng
qualities might be expected from either gas-packing to pre-
vent oxldatlon during storage, or a treatment which destroyed
the harmful substances naturally present, or a combination of
the two. Gas-packing 18 an expensive process and probably
not effective with raw wheat germ but may lmprove the keep-
ing quality of treated wheat germ. The lnactivation or
destruction of the enzymes in wheat germ 1s chiefly a problem
of controlling the oxidation or denaturation of the protein
without affecting the quality of the product.

Toasting destroys the characterlistic and pleasing
flavour and odour of fresh wheat germ but has a beneflclal
effect on the stability of the product. Thls suggested that
the degree of oxidation and denaturatlion of the proteln ree-
quired to give a stable product might be obtalned, without
adversely affecting the flavour and odour, by a less drastic
heat treatment under controlled condltlons especlally in

regard to the moisture contente. The development of such a

process 1s described in the following sectlions.

(b) First Trials

Two portions of wheat germ were placed in an oven at
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95 ~ 105°C. for 12 hours: one in an open container and the
other 1n a closed flask filled with nitrogen. The wheat
germ in the open container was dry and of pleasant appearance,
smell and taste. The other was brown in colour and un-
pleasant in flavour. A lipoxidase determination on both
samples showed that the énzyme was completely inactivated.
The proteolytic enzymes were only destroyed in the closed
vessel, thus indicating the importance of moist heat, however
the obvious defects in the flavour and colour of this sample
had to be overcome. Finally it was found that heating for
1.5 hr. at 100°C. in a closed vessel under nitrogen destroyed
the llpoxidase and the proteolytic enzymes and the brown
dlscolouration @id not develops .. To evaluate the keeping
quallty of these products, peroxide values were determined
after a short two weeks storage at 5°C. and at room temper-
ature. Some typlcal results are given in Table VI which
indicates that heating for 1.5 hr. under nitrogen did not ine

crease the peroxide content.

Table VI
Peroxlde Content of Treated Wheat Germ

Peroxlides = m.e./Xg. wheat germ
Sample 5°C.) (room temperature)

Control (untreated) nil trace

Heated 12 hr. at 100°C.

(open container) 0.9 242

Heated 1.5 hr. at 1000C.
(closed contailner) nil nil
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Followling these preliminary trials, a more comprehensive
Storage Test (No.l) was undertaken as outlined in Table VII.

Table VII
Analysis of Samples before Storage Test No. 1

Sample Before Storage
Proteolytic

Sample Storage Molsture Lipaxidase Activity
Bumber Treatment Condition (per cent) (Units/Xg.) (Units/Kg.)

1l cControl air 1l.1 537 42
Untreated

2 Control nitrogen 11.1 537 42
Untreated

3 1.5 hr.-100°9C.air 10.3 nil nil
in alr,closed
system

4 1.5 hr.-100°C. nitrogen 9.6 " .20
in air,closed
system

5 1.5 hr.100°. air 8.6 " 23

in nitrogen,
closed system

6 1.5hr.~100°C. nitrogen 9.7 " 16
in nitrogen,
closed system

7 12 hr.-100°C. air 0.9 " 35

in gir,open
system

8 12 hr.-100°C. nitrogen 0.9 " 35

in alr,open
system

Ten samples from each of the elght treatments were packed in
: o
laminated metal«foll envelopes, sealed and stored at 37 C.

The test was discontinued after 5 weeks because even at the
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end of two weeks all the samples had developed strong off-
flavours and at the end of five weeks . the required informa-
tion had been obtained. The proteolytic activity of all the
treated samples was reduced and it was most marked in those
samples with the highest moisture content, thus indicating
the importance of the presence of moisture during heating.
The lipoxidase enzymes were destroyed in all the treated
samples, but there is little or no relationship between
lipoxidase activity and peroxide formation (Table VIII) since
the control samples, with the enzymes active, showed a small-
er lncrease in peroxides than samples in which the enzymes

had been destroyed.

Table VIII

Peroxide Content after Varying Periods of
Storage-Test No. 1

Sample _ Peroxides - m.e./Kg._
Number Treatment Storage= Before 1 week 3 weeks 5 weeks
1 Control Untreated nil nil Oedt 16.0
2 Control Untreated " " 0e3 14.3
3 1.5 hr.=100°¢. in air, " 0.2 1.2 2043
closed system

4 1.5 hre=100°C.in nitro- " 0.1l 1.5 234
gen, closed system

5 1.5 hr.-100°C.in nitro- "  nil 0.9  10.0
gen, closed system 4

6 1.5 hr.-100°¢.in nitro- " " nil 5¢3
gen, closed system

7 12 hr.—lOOOG. in air, 1.0 2007 3900 43.0
open system

8 12 hr.=100°C. in air, 1.0 10.1 5447 60.0

open system
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Rancidity in wheat germ is apparent by smell and taste when
the peroxide-value has increased to about 20 n.e./Kg. Offe=
flavours were least pronounced in 8ample 7 and 8, thus indi-
cating that the peroxide value was not a good criterion of
the keeping quality and apprarently the fat does not contri-
bute to these off-flavours. The results in Table VIII also
show that:- |

(a2) heating under nitrogen was less . “ebnducive to

oxldation than heating in air (compare treatments 3
and 4 with 5 and 6);

(b) prolonged heating in air was harmful in so far as
peroxide formation was concerned (see treatments 7
and 8);

(¢) there was no beneficial effect from nitrogen packing
(compare odd with even-numbered treatments).

Samples 7 and 8 definitely developed less off-flavours
and these samples had the lowest molsture content, thus indi-
cating that molsture played an important part in the develop-
ment of off-flavours. Pearce (59) drew attention to the
importance of moisture ln relation to the keeping quality of
the germ and since breakfast cereals usually have a moisture
content below 5% it was decided that, in the next trials, the
moisture content of the germ would be kept below this level.
It was also suspected that the packaging materlals might be
defective pecause, similar samples stored in glass contalners

at 50°G., did not develop the same off-flavours. Furthermore,

in a study of enzyme inactivation at different temperatures
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in which the germ was packed in metal=-foil envelopes, off-
flavours developed very rapidly so that the experiment had to
be discontinued. When some of these samples were replaced
in open containers and drlied in an oven, the off=flavours
disappeared. It 18 concluded that the spollage of the germ
in these experiments was probably due to the combined in-
fluence of the packaging material and the moisture content

of the product.

(c) Successive Moist and Dry Heat Treatments

As the presence of moisture was necessary to destroy the
enzymes and as a dry sample kept best, a precess was develop-
ed whereby the sample was first treated with moist heat and
then with dry heat in the apparatus illustrated. The
following 1s a description of a typlcal and most successful
experiment and of the apparatus employed.

About 400 g. of wheat germ were placed in a one-liter,
round-bottom flask (A), with a glass-inlet tube (B), reach-
ing to the bottom of the flask and connected at (C), to a
tank of nitrogen. Tube (D), was connected with two calcium
chloride traps (E and F), an ice trap (G), a manometer (H),
and a Hivac pump (I). The flask was evacuated and refilled
with nitrogen three times, stopcocks (M) and (N) were closed
and the bolling water bath (L) placed underneath. After 1.5
hr. of moist heat treatment the stopcocks (M) and (N) were
opened and nitrogen passed through gently for l.5 hr. to give
the dry heat treatment in an oxygen=free atmosphere. The
water bath was removed and the wheat germ cooled by passing
the gas through it for another half-hour. During the drying



Figure No. 5

Apparatus for the Successive Moist and Dry

Heat Treatment
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period, the flask was evacuated twice for five minute periods
at less than 0.5 cm. of mercury preegsure, to remove molisture
and other volatile substances.

Numerous experiments were conducted in which the duration
of the molst heat and dry heat treatments were varied. In
the procedure just described the times glven were the minie
mum required to destroy proteolytic activity and to assure the
best keeping quality. Storage Test No. 2 was designed to
determine the keeping quality of the product when packed in
metal-foll packages and wax-coated cellophane packages, and
stored in air or in nitrogen. An accelerated test at 55°C.
was employed. The material packed in metal=foil-lined
envelopes epoiled quite rapidly but ln cellophane it kept
fresh and palatable for at least one month. Llpoxldase
enaymes were destroyed even by the short-time heat treat-
ments and 1t is noteworthy that the control sample with the

enzyme active did not contain more peroxides than the treated

samples (Table IX).
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Table IX

Peroxide Content of Some Sam
ples from Storage Test No.2
(Samples packed in cellophane envelopes andgstored at 55°C.)

Treatment Peroxides (m.e./Kge.
At start After one month

1.5 hreW « 1.5 hr.D=A nil 0.7
l.5 hreW « 1.5 hre.D=N " 1.1
1l¢0 hr W =« 1,0 hr.D=N " O.4
1le5 hreW « 0¢5 hr.D«N " 0.2
Control-Untreated " 0.6
W - molst heat ln a closed contaliner

D : dry heat 1n an open system

A < packed in alr

N : packed in nitrogen

Off-Tlavours are not due to peroxides because when these were
present the peroxide value was still remarkably low. Pack-
ing in nitrogen or in air made 1little difference in 80 far as
peroxide values were concerned. There 18 a slight indlcation

that increasing the drying period caused the formation of

more peroxides.

{d) Solvent Treatments

Untreated wheat germ is a very unstable food but "Tonik"
Wheat Germ keeps very well for a long time. The dlfference
between the two 1s that the fat has been extracted from

"ponik" Wheat Germ. However the experiments reported above
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have indlcated that fat decomposition is not the important
factor 1n the spoilage of the germ. Therefore, the solvent
(ethylene dichloride) must have some preserving action on
the non-fat constituents of the germ. The effects of a
number of different solvents, €.g. ethyle=ether, petrol-ether,
chloroform, carbon tetrachloride, ethylene dichloride,
methanol and ethanol -~ were studied in test-tube experlments.
All of these solvents destroyed the lipoxidases and with the
exception of ethyl and petrol-ether all destroyed the pro-
teolytic activity.

In subsequent experiments, as it was not desired to ree
move the fat, only the vapours of the various solvents were
passed through the germe. Using the apparatus shown in Fig.6,
the treatments were carried out in the following manner.

The wheat germ was placed in the flask (A) which was evacuat-
ed and refllled two or three times wlith nltrogen. The flask
was then heated by the water bath (B) at 15-20°C. above the
boiling point of the solvent used. When the desired temper-
ature was reached the solvent was bolled in (C) and its
vapour passed into the wheat germ through the lnlet tube (D)
and condensed in (E)e. When the desired volume of solvent
had been passed through or the desired amount of time had
elapsed a vacuumwas applied at (F) or nitrogen or carbon-
dioxlde was introduced at (G) to remove the remaining solvent

vapours. In some experiments the vacuum and gas treatments

were employed alternately and even simultaneously.

Storage Teat No. 3 compared the effect of varlous



Figure NQ.G
Apparatus for the Solvent Process
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solvents. The samples were packed in metal-foil envelopes,
glass sealers and wax-coated cellophane envelopes and stored
at 5500. Only ethylene dichloride and chloroform improved
the keeping qualitles, all the other solvents developed

some strong off«flavours different from the usual spoilage of
wheat germ. In thls test 1t was agaln observed that there
1s not much correlation between keeping quality and peroxide
value,?ﬁgét an increase 1n peroxides is not the main cause of

spollage. Reynold's metal-foll packages are not suitable

for the storage of wheat germ(see Table X).

Table X
Resulte of Storage Test No.3 (Two Months Storage at 55°C.)

Packed 1n Dello- Packed in Metal-Foll-
phane Envelopes Lined Envelopes
Treatment Peroxides Remarks Poroxide® Remarks
(m-e./K&.) (m.e./Kg.)
Control | ol slight. o2 strong
Untrealed off-flavour off-flavour
Combined Heat > slight ol strong
off«-flavour off«flavour
Ethylene oh very good 6 fair
Dichloride
Chloroform ok good, taste o3 fair, taste
of solvent of solvent

Only the treatments which gave the better products are record-
od in Table X, other solvents gave offe-flavours which develop-

ed in a very short time.
Ethylene dichloride, or chloroform-treated wheat germ

18 a dry product, of nice appearance although slightly
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bleached in comparison to the untreated material and of a
pleasant nutty flavour. Ethylene dichloride was preferered
because it was already used commercially as a solvent, it was
more easlly removed and 1t seemed to give a product of good
keeping quality.

An experiment was next carried out to determine the
best way to pass ethylene dichloride vapour through the wheat
germe A 400-g. sample of germ was placed in a 500-ml. round
bottom flask and the vapour from 250 ml. of ethylene dichloride
passed through the germ in 30 minutes. The experiment was
repeated but with 500, 750 and 1,000 ml. of solvent passed
through the same amount of wheat germ in the same time.

The proteolytic activity was destroyed even at the lowest
rate at which the solvent was passed through, but the keep-
ing quality was best when the vapours were passed through
most rapidly, probably because of the more complete removal
of moisture and of wolatile substances responsible for off-
flavours. A 400-g. sample was treated for one hour with one
liter of ethylene dichloride, then carbon dioxide was passed
for two hours and finally the flask was evacuated for 2 hours
wvhile the matprial cooled. This sample kept very fresh and
appetizing during 3% months storage in a sealer at 55°C.

The difficulty encountered with these treated products
was to remove the last trace of odowr and especlally taste
of the solvent. Many different techniques were used but the
results were still quite erratic so that the process still

required further improvemente.



(e) Solvent and Steam Treatments

The apparatus used was exactly the same as that shown in
Fig. 6, and the process was the same as before, but a deodor=
ization period was added in which steam was passed under
high vacuum (less than 0.5 cm. of mercury). After the
different factors influencing the treatment had been studied,
the following procedure was developed. A 250-g. sample of
wheat germ was placed in the flask and heated to 100°G. in
20 minutes and 600=g. of ethylene dichloride passed through
- in 1.5 hours. Then the flask containing the ethylene
dichloride was replaced by one containing water at room
temperature and a high vacuum was applied for one hour to the
system while the wheat germ in the flask was held at 100°C.
The flask was cooled, (C) closed to Btop water vapour enter-
ing and the vacuum was maintained. The product had excell-
ent palatibility, low moisture content and no proteolytic
activity. The product was subjected to a Storage Test (No.4)
as described in Table XI, using the cellophane envelopes and

storing at 3700.



Table XI

Storage Test No. 4 on Solvent and Steam Treated Product

/

Pack- Freshly Treated s Time

ing teolytic Products
Sample Atmo- Molsture Activit Remained
Number Treatment sphere (per cent) gunits(g'gg Palatable
I untreated COo 6.2 31 1 month
II untreated air 6.2 31 1 month
III Bolvent - steam COp 4o7 6.2 over 8
ménths
IV steam only CO, 5.0 nil over 8
months

One sample was treated with steam only. The steam was first
passed rapidly through the germ just as when treatlng with
ethylene dichloride and then passed slowly as in deodorizing.
This was done to check on the effect of ethylene dlchlorlde
and it was found that steam alone 1s effectlve. This ex-
plains the results of earller experiments in which the
enzymes were inactivated by heatlng the molst germ 1n a closed
gysteme. These samples were still of good quality after
elght months storage but there was not enough of the sample
to continue the test beyond this time. Of the untreated

samples the ones stored in air seemed to keep better than the

ones in carbon dloxide. The packing materials used were the

speclal resineand-wax-coated cellophane enveloped. These
tests had shown that a highly desirable cereal food could be
produced which had excellent keeping quality and a fresh

pleasant taste.
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(f) The Use of a New Equipment for the Treatment of Wheat Germ
| The principal objectlions to the process described above
were that it was expenslve since it required an all-glass
apparatus, lnecluding a vacuum pump, and it was difficult to
get a uniformly treated product. It was thought that by
agitating the sample at temperature slightly above the bolle
ing point of water, the procedure would be more readily
adaptable to commercial development. Taking these points
into consideration, the apparatus shown in Fig. 7 was deslgn-
ed and assembled. Steam or solvent vapours were generated

in a distilling flask (A), fitted with a safety valve. The
side arm was connected to a T~tube having an inlet for gas (B) on
one side and on the other a glass~tube coil (C), the latter
being immersed in a thermostably controlled oil bath (D). The
super-heated vapours were admlitted through a hollow shaft (E)
into the chamber which contained the wheat germ and escaped
through a number of perforations in the shaft. The escaping
vapours were removed through the hollow shaft (F) and were
condensed in (G). The chamber was screwed on the shaft (E)
by which 1t was supported and rotated. The motor and the
pulley which rotated the shaft were so arranged as to glve

30 to 60 revolutions per minute. The chamber, 15.5 cm. long

with a diameter of 1l2.5 cm., was made of a solid block of

bronze with a screwed-in cover and was coated on the inside

with a plastic "Iithcote". This coatlng was found to with-

The chamber was surrounded by a steam
The

stand the treatment.

(o)
jacket By which the germ was heated to 110 - 115°Ce.
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temperature being read on the thermometer (T).

A large number of palatable and pleasant flavoured
samples of wheat germ were prepared with this apparatus by
treating with steam or ethylene dichloride or both. Some~
times sodium chloride was added to the germ with a further
improvement in the taste, the best product belng obtained
with 24 salt. A typlcal processing was carried out as
follows: - 200 g. of wheat germ were placed in the chamber,
the oil bath was maintained at 11700., the temperature“in the
chamber rose to 97°C. in 10 minutes when the steam treatment
was started. The steam fllled the chamber in two minutes
and the temperature inside reached 110%. After 30 minutes
of steam treatment at 110°C., nitrogen was passed through for
40 minutes while the chamber was kept above 100°C. The
chamber was then cooled to room temperature in 7 minutes by
paesing cold water through the steam Jacket. Under these
conditions the proteolytic activity was destroyed and a dry
product was obtalned. Storage Test No. 5 was made on some
typical samples prepared with this equipment. The samples
were alr-packed in waxecoated cellophane envelopes and stored
at 37°C. One sample of ethylene dichloride-treated and
steam-deodorized germ kept without spoilage for three months
but, in general, the samples did not keep as well as the
previous ones prepared in the all-glass apparatus. The
addition of =alt actually reduced the keeping quality of the
cereal and it was more difficult to remove the moisture from

these samples. Some heavy metal contamination might have
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occurred as there was some uncovered metal at the points where
the chamber was screwed onto the shafts (E) and (F). The
high vacuum and the careful flushing with nitrogen before
heating may also have been important factors in producling the
better products by the previous treatment. A further objec~
tlon to this apparatus was the difficulty experienced in
reducing the molsture content of some samples to a low enough
level. Probably only an air-tight machine with a Hivac
pump could duplicate the excellent results obtained in the
all-glass apparatus. However, since these products were
st11ll good after storage in air for three months at 37°C.,
there 1s a possibility that the process might be developed
industrially.

Il. The Use of Treated Wheat Germ in Baking

(a) General

If we are to decrease the consumption of foods of
animal origin, since they are uneconomically produced and
their use decreases the number of people that can be fed per
acre, we must find a way of introducing into our diet more
vegetable foods which contain more and better protein with a
good supply of the vitamin B-Complex. Wheat germ would be a

good source of these factors, but how are we going to utillze

large quantities of 1t as human food? We daily consume

large amounts of white flour in bread and some in biscults

and the obvious course is to restore to them the wheat germ

without damaging thelr taste and appearance. It was thought
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that the destruction of the enzymes would be a step towards
the solution of this problem, partlcularly in the baking of
bread which 1s so markedly influenced by the enzyme systems.
Furthermore, the treatment also removes the "raw" taste of

wheat germ, which to some people is quite unpleasant.

(b) Biscult Baking

Some of the better-flavoured samples of wheat germ pre-
pared with the new equipment were used in baking tea biscuits.
A number of samples of tea blscuits containing different
levels of treated wheat germ and control samples without germ,
with untreated germ and with "Tonik" Wheat Germ, were prepared.
The appearance of the biscults baked with flour containing
treated wheat germ was as good or even better than that of
the biscuits prepared from flour alone. The taste of the
biscuits was improved by the addition of treated wheat germ
more than by the addition of "Tonik" Wheat Germ (probably
the fat present improved the pajatability). Untreated wheat
germ imparted some of its "raw" taste to the biscults. As
much as 204 of treated wheat germ was tried with very good
results; however at this level the biscuits were slightly

"heavy". This difficulty was not encountered at the 10%

level.

{cz Bread Baking

A preliminary bread-baking test was run on two samples,

one ethylene dichloride and steam~treated and the other only

steam-treated. The eniymes were completely destroyed ln



55

both and the bread obtained was excellent. A series of

samples was then speclally prepared in the new apparatus to
study the effect of the duration of the treatment on baking
quality. These samples of treated germ were added to flour

at the level of 5% and baking tests were carried out with the
results shown in Table XII.

Tadble XII
Baking Test on Samples Treated for Different Lengths
of Time
Proteolytic Crumb
Activity Loaf Colour
of Germ Yolume (relative
Treatment (unite/Kg.) (ml.) order)
Flour alone - 2650 -
954 flour alone (ealculated) « 2510 -
Untreated wheat germ 29 2500 4
15 min. S & 40 min. N 13 2500 3
20 mine. S & 30 Min. N o 2500 3
30 mine. S & 45 min. N trace 2575 2
60 min. S & 35 min. N nil 2600 2
25 min. S & 45 min. A " 2600 1

0
= steam treatment at 105 - 110°C.
drying in current of nitrogen above 100°c.

"

-

8
N

o
A = drying in current of alr above 100 C.

The volume for 95% of flour alone 1s obtained by calculation

represents the volume that would be obtalned if wheat
Actually the added

and

germ was inert and occuplied no volume.

54 of wheat germ occuples very 1ittle space. The loaves



56

contalning treated germ were not as brown an the outside and
showed better symmetry than those with the untreated germ.
The texture of all the loaves was about the same except that
those made from "untreated" germ were very coarse and open.
All the doughs contalning "treated" germ appeared to be almost
identical in handling quality and no excessive softenling was
noted in any of them. Table XII shows that:-

(1) treated wheat germ increases loaf volume when its

proteolytic enzymes are destroyed;

(2) there 18 a very marked correlation between baking

quality and proteolytlc deactlvation;

(3) the destruction of the enzymes seems to be more rapid

by drying in air than in nitrogen.

A baking test was similiarly carried out on the samples
from Storage Test Noe 5. The results of the storage test
have been reported above and Table XIII gives the results of
the baking test. The keeping qualities of the samples were
perfectly correlated with baking qualitles.



Table XIII
Baking Test on Samples from Storage Test No.6

Treatment Loaf Volume in ml.
Flour alone 2800
95% flour alone (calculated) 2660
Untreated wheat germ 2250
30 min. S « 1 hr. D 2500
30 mine S « 1 hr. D = NaCl 2550
15 min. E - 15 min. S « 1 hr. D 2575
15 min. E - 15 min. S -« 1 Hr. D -« NaCl 2475

8 - steam treatment at 105 - 110°C.
E = ethylene dichloride treatment at 95 - 100°¢.
D z drying in alr

2% of salt was added to the wheat gsrm before treatment

NaCl
and well incorporated during the treatmente.

11

All of the loaves with treated germ were gimilar and quite
acceptable in so far as crumb colour, symmetry and texture

are concerned. The doughs containing "treated" germ appeared
almost identical in handling quallity. The loaf contalining
wheat germ treated with ethylene dichloride and steam was
From Table XIII, 1t can be observed thats-

excellent.
(1) the ethylene dichloride treatment was more desirable

than the plain steam treatment;
(2) 2% of salt decreased the baking quallity of the germ;

(3) the treatment made wheat geru suitable for baklng
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bread, partlcularly if the loaf volume for the "95%
of the flour alone" value is accepted.
A third baking test was carried out to determine the
effect of storage on the baking quality of wheat germ; the

samples used were from Storage Test No. 4 and had been stored

for 8 months at 37°¢.

Table XIV
The Effect of Storage on the Baking Quality of Treated
Wheat Germ

Treatment Loaf Volume in ml.
Flour control 2700
954 flour control (calculated) 2530
No. 1 (untreated) 2500
No. 3 (ethylene dichloride and steam) 2475
No. 4 (steam only) 2525

Table XIV shows that after 8 months storage at 37°C. the
harmful effect of untreated wheat germ in baking bread was no
longer evident if we compare the loaf volume with 95% of the

control. There was no significant difference in the texture

or crumb colour in any of these loaves. However, it must be

remembered that the untreated sample was now spolled.

III. The Effect of the Treatment on the Vitamin Content of
Wheat Germ

Although the heat=treatment described above has been
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shown to give a product of good keeping quality it must also
be shown that the excellent nutritive values of the fresh
wheat germ are preserved. Among the dietary factors to be
considered, the protein quality and the vitamin E and B;
content are most important.

The biological value of the wheat germ proteln has been
shown by Howe and Harrel (43) to be unaffected by heat-
processing.

For the determination of the vitamin E content of the
treated germ the crude-fat factions were extracted (52) from
three samples of Storage Test No. 4 which had been stored
8 months at 37°C. The crude-fat content of these samples
amounted to 14% of the dry weight, indicating that there had
been no appreciable removal of fat by the ethylene dichloride
vapour. Vitamin E determinatipns (58) on the crude fat from
the treated and the raw germ showed that no loss was caused by

the treatment.
The thiamin (vitamin Bl) content of the same samples was

determined by the Thiochrome method as modified by Morrell
(56), with the results shown in Table XV.



Table XV

Thiamin Content of Wheat Germ Samples Stored for
8 months at 37°C.

Treatment Thiamin
(Meg+/100 g. dry wt.)

No.l Untreated 224
No.3 Ethylene dichloride and steam treated 263
No.4 Steam treated 221

These data show that no thiamin was destroyed by the treat-
ments, and suggests that the ethylene dichlorlde treatment
has actually increased tleretention of thiamin 1n storage.

It is further indicated that, little loss occurred during
storage, since these are high values for the thlamin content,
of wheat germ produced by dry milling. According to Hinton
(41), 1t is more difficult to extract the scutellum by dary
milling and the scutellum contains ten times the thiamln con-
tent of the embryo. This excellent retention of thiamin

in storage confirms the finding of Pearce (59).

I!.walgtatggone and the Activation of the Proteolytlc Enaymes

(22 @General

Some experimental work was done in an attempt to explain

the nature of the inactivation achieved by the heat treatment

described above. Following the work of Tunnicliffe (73)

some preliminary experiments were carried with methylene blue.
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They indicated that the untreated samples have a higher re-
ducing power than the treated and the difference was particu-
larly marked at the higher pH's. It was immediately suspected
that the reducing power was due to the presence of glutathione
which 18 the naturally occurring activator of papain. Al-
though the reducing power of glutathione may be detected with
methylene blue, this reaction is not sufficiently specific for
a quantitative estimation. The well-established iodimetric
method of Tunnicliffe (72) and the Nitroprusside Test of
Fleming (28) were considered, together with their various
modiflcations, but these also lacked the necessary specificity.
It was finally decided to use the method of Binet and Weller
(17,18,78) which is based on the quantitative precipltation of
glutathione by cadmlum lactate and determination of the gluta-
thione in the precipitate by iodimetry.

(b) The Estimation of Glutathione in Wheat Germ

(1) Procedure: A l-g. portion of wheat germ was care=-

fully ground in a mortar with 5 ml. of 95% ethanol for one
minute, then 10 ml. of a 10% solution of trichloracetic acid
were sdded and the solution filtered through a Whatman 42

paper into a 50«ml. volumetrlc flask. The mortar was rinsed

and the filter extracted three times with 10-ml. portions of

trichloracetic acid and then the filtrate was made up to

volume in the volumetric flask. Two 20«~ml. aliquots were

placed in 50-ml. centrifuge tubes, 5 drops of bromothymol blue
were added and the pH was adjusted to a falnt blue tinge,
first by the addition of 25% sodium hydroxide untll close to
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the end-polnt and then with 0.5% sodium hydroxide. One ali-
quot was used for the estimation of the reduced glutathione
and the other for the total glutathione. To the latter was
added 1 ml. of 5% sodium cyanide, the solution allowed to
stand for 30 minutes and then 3% cadmium lactate in 0.1%
acetic acid was added until a green or yellow colour develop-
ed. At this point 2 ml. of 2% cadmium lactate were added to
both tubes and the pH was adjusted with 0.5% sodium hydroxide
to the first blue colour of the indicator and a white
flocculent precipitate of cadmium glutathionate was formed.
After atanding two hours the tubes were centrifuged, the
supernatant liquld was decanted by quickly inverting the tube
and the interior of the tube was dried with a filter paper
rolled around a glass rod. The precipitate was then dissolv-
ed in 10 ml. of 10% phosphoric acid, 5 ml. of iodine solution
were added and, after two minutes, 5 drops of starch indi-
cator were added and the mixture was backe-titrated with
exactly 0.002 normal sodium thiosulphate. A blank deter=-
mination was made at the beginning and end of a series of
determinations by titrating 5 ml. of iodlne solutlion in 10
ml. of 10% phosphoric acid containing 5 drops of starch indi-
cator, with sodium thiosulphate using exactly the same tech-

nigue. The value, mge. of glutathione per 100 g. of wheat

germ 1s calculated as follows: -

2n X MeWe V 100 _
S X3 X 3500 = B x 1535
ml, of 0.002 normal thiosulphate-difference between

n =
blank and test solution
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m.W.= molecular weight of glutathione (307)

W = welght of sample (1 g.)
V = volume of dilution (50 ml.)
A = volume of aliquot (20 ml.)

The difference between the total and the reduced glutathione
glves the oxlidized glutathione.

(2) Bxtraction: The use of 95% ethanol was introduced
in the extractlon because it faclilitated the penetration of
the solvent. Trlchloracetic aclid was chosen as the solvent
because of its traditional use in the determination of gluta=-
thione and because satisfactory results were obtalned with it.
Alternative reagents such as tungstate formed a preclpltate
with cadmium and sulphosalicilic aclid gave high and erratlc
results. Glutathione decomposes in neutral and alkall
solutions, but it is fairly stable at a low pH such as in the
10% trichloracetic acid. It was found that extracting 1l g.
of wheat germ with three 10-ml. portions of trichloracetlic
acld gave maximum recovery. Further extraction with tri-
chloracetic acid actually reduced the apparent amount of
glutathione, probably because of difficulty in handling thq
larger volume.

(3) Precipitation: Voegtlin, Johnson and Rosenthal's
(76) method for precipitating glutathione with cadmium ace-
tate gave them an excellent yleld of a copper-free product.

Cadmium lactate was used 1in this work because 1t has been

found to be more specifilc and to give more nearly quantita-

tive precipitation (17). It was prepared as follows: -
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A known amount of cadmium carbonate was dissolved in an
excess of dilute hydrochloric acid and the solution made
alkaline with concentrated sodium hydroxide. The fine
white precipitate of cadmium hydroxide which formed, was
washed a few times with distilled water and with centrie
fuging. It was then dissolved in a slight excess of
lactic acid and, after removing most of the water, abso-
lute ethanol was added to form a flocculent white pre-
cipitate of cadmium lactate which was then washed twice
in alsolute alcohol and dried.
The preciplitation of cadmium glutathionate starts at pH
6.2 and was quantitatively completed at pH 6.8. This precipi-
tation is highly specific and there 1s no interference by
ascorbic acid or ergothioneine (17). Furthermore, it was
clearly shown by the following experiment that, above pH 6.2,
there was no interference by cysteine (17). The extract,
prepared as described above was adjusted to pH 6.2 and 1 ml.
of 2% cadmium lactate was added. The precipitate, which
formed after one hour, was separated by centrifuging; the

supernatant liquid was adjusted to pH 6.8 and the glutathlone

determined in the precipltate. The results were not significant-

ly different from those obtained by the usual procedure, 80 no

correction need be made for the cystelne content of wheat germ.
Quantitative precipitation of glutathione was confirmed

with a solution of pure glutathione and by the recovery of

known amounts of glutathione added to an extract of wheat germ

(see Table XVI).
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Table XVI

The Recovery of Glutathlone by Precipitation with
Cadmium Lactagte

Glutathlione (mg.

Material Tested Theoretical Found Recovery
1 mg. glutathlione 1.0 1.02 102
Extract of 1 g. wheat germ - 1.06 -
Extract of 1 g. wheat germ 2406 2.04 99

& 1 mg. glutathlione

Extract of 1 ge. wheat germ 3,06 3.1l 10
& 2 mg. glutathione ’

(4) Titration: The results in Table XVI also confirm the
accuracy of the lodlmetiry. The solution of iodine was pre-
pared from a saturated aqueous solution of pure iodine which
had been allowed to stand in the dark for 2 - 3 dayse.
Potassium iodide was not used because, according to Binel and
Weller (17), it interferes 1n the glutathione determination
and in preliminary tests we found that satisfactory duplicates
could not be obtalned. However, when prepared ln this manner,
the normality of the lodine solution increased slightly on

standing (approaching 0.002 normal), so that it was necessary

to make blank determinations with each analysise. An 0.l normal

solution of sodium thiosulphate was restandardized each week

and used dally to check the 0,002 normal solution of lodine.

(¢) The Effect of Treatment of the Germ on its Glutathione

Content

Samples from Storage Test No. 5 which had been held
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8 months at 37°C. were analyzed for their glutathione content.

Table XVII gives the averages of quadruplicate determinations.

Table XVII
The Glutathione Content of Treated Wheat Germ

Glutathione (mg./100g.)
Treatment Total Reduced Oxidized
(by difference)

No.l Untreated 14704 102.6 44,8
No.3 Ethylene dichloride 76.7 77.2 nil
No.4 Steam T79.8 80.5 nil

These results indilcate that the treatment reduced the total
glutathione by 50% and the reduced glutathione by 25% with
complete destruction of the oxidized glutathionse. This would
signify that the treatment carried the oxidation of glutathione
beyond the dithio-configuration, possibly causing complete de-
composition and certainly bringing about a change which is

not reversed by sodium cyanide.

(d) Reactivation of the Proteolytic Enzymes by Glutathione
and Cyanide

According to Bergmann, glutathione or a simllar actlvator

18 essential in the activation of papain-like enzymes. By

adding glutathione to the digest of treated wheat germ, as

prepared for the determination of proteolytic activity, 1t

should be possible to determine whether the reduced enzymatic

activity was due to the destruction of glutathione or to
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denaturation of the proteln-enazyme. The results of such an
experiment are given in Table XVIII. The proteolytic
activity of the samples from Storage Test No.7 was determined
with and without added activators.

Table XVIII
The Effect of Activators on Proteolytic Activity of
Wheat Germ
______Proteolytic Activity (units/Kg.)
Activator Sample No.1 Sample NO. 3 Sample No.
Untreated KEthylene Di- Steam Treated
chloride Treated
Nil - control 31 6 nil
0.5 mg. glutathione 31 22 "
1.0 mg. glutathione 31 28 "
0.25 mg. sodium 28 28 "
cyanide

Apparently the steam treatment denaturated the proteolytic
enzymes 80 that they are not reactivated by glutathione or
cyanide, whereas the enazymes in the ethylene dichloride-~treated
wheat germ are almost completely reactivated by glutathione

or cyanide. Activation by cyanlde indicates that the papain=-
like enzyme was changed by the treatment to the reduced in-
active form (the pform according to Bergmann's Theory).

To restore the activity of the treated germ to the level of

the raw germ required the addition of almost five-times the

quantity of glutathlone actually destroyed by the treatment.

Since the addition of glutathione to the untreated germ did

not increase 1ts activity 1t would appear that the optlimum
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amount was already present. The effect of cyanlde on the
activity of untreated germ might be due to the poisoning of

some related enzyme systems contalning heavy metals.



PART D

DISCUSSION
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1. The Importance of Peroxide Content and Lipoxidase Activit
to the Keeping Quality and Baking Propertlies of Wheat Ger%

Pearce (59) had already shown that the peroxide formation

during the storage of raw wheat germ was very small but the
effect of heat treatment was not known. It might retard
peroxide formation by the destruction of lipoxidase activity;
or 1t might accelerate the formation of peroxide by destroying
some naturally occurring antloxidants or by catalyzing the
initlal oxldation. It was found that all the treatments
destroyed the lipoxidase activity but when the treatment was
carried out in air the retardation of peroxide formation was
overshadowed by an opposing effect increasing the peroxide
content; however when the treatment was carrled out in nitrogen
the latter effect was minimized so that a slight retardation
of peroxide development became apparente.

Using the Chapmen and McFarlane method (64), which 18
much more sensitive than most of the other tests for peroxide,
rancidity was detected at a peroxide content of about 20
milliequivalents per kg. of wheat germ. This level was only
reached under conditions extremely favourable to rancidity
and therefore 1s unlikely to be a serlous problem in the
storage and shipment of wheat germ. However, Sullivan et al.
(70) showed, that the presence of the oxidlzed unsaturated
fatty acide of wheat germ had an adverse effect in baking
quality so in the industrial production of wheat germ it may
be important to prevent oxidation of the product. Thls may

be done by a short heat treatment in an inert atmospheree.
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1l. Proteolytic Enaymes and the Keeping Quality and Baking
Properties of Wheat Germ

The development of offeflavours in the storage of wheat

germ due to protein breakdown was shown to be a more serious
problem than rancidity. This was indicated by the influence
of moisture on spoilage during storage and more directly by
the relationship between proteolytic activity and keeping
quality. Improved keeping and baking qualities resulted
from the denaturation of the enzymes and/or by the oxidation
of the activator, glutathione, beyond the dithio-form.
Ethylene dichloride vapour is particularly effective in
oxidizing glutathione and also serves to remove volatile odor-
iferous substancesand molsture. The fact that this treat-
ment improves the baking quality as effectively as the steam-
treatment indicates that glutathione 1s the main factor
affecting the baking quality of untreated germ. This also
suggests that the improved baking quality of untreated germ
after prolonged storage, 1s due to the oxidation of gluta-
thione.

It is interesting to note that sodium cyanide had a
8light poisoning effect on the proteolytic enzymes of raw
wheat germ because it indicates a possible link between the
papain~like enzyme and the heavy-metal enzyme system. Although

the effect was small it was consistent and further work should

lead to a better understanding of the two enzyme systems.
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III. The Importance of the Treatment

Two methods of improving the baking quality of wheat
germ have been proposed in recent literature. One is the
steeping of the wheat germ before use, but it 1s claimed by
other workers that this does not improve baking quality and
that it removes valuable constituente such as the water-
soluble vitamins. The other proposed method is to use pre-
fermented germ as the fermenting agent 1ln the dough. This
seems practigal and cheap, but fermented germ would not also
be utilizable as a cereal.

A wheat germ of excellent quality 1s now marketed under
the trade name "Tonik" Wheat Germ, but this product also has
its disadvantages. It can only be used as a cereal and not
in bread baking. The fat fraction of the germ has been re-
moved, and with 1t the fat-soluble vitamin E; the palatability
and food value are also reduced. The cost of the product 1is
high and the facilities for its production under war condi-
tions are limited. Furthermore, the expansion of production
when materials become available will require a large capital
investment with uncertain reduction in price since there 1is no
good market for large quantities of the oil.

If by some simple changes in the equipment used in this
study, a wheat germ of the desired quallity could be produced,

the price of the product would not be much higher than raw

wheat germ. It is believed that 1t would be a simple matter

to design commerclial equipment, based on the present studles,

which would produce a lowepriced product of high nutritive value
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wlth good baking and keeping qualities. For this reason it
is felt that the process here developed could play an importe
ant part in solving some of the food problems that will arise

after the war.



PART E

SUMMARY
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(1) An adaptation of Sumner's method for the determination

(2)

(3)

(4)

of lipoxidase activity in wheat germ has been developed.

A short and simple method for the determination of pro-

teolytic activity 1s presented.

The method of Binet and Weller for the estimation of gluta-

thione has been studied. It 18 found to be highly

speciflic and with certain minor modifications it glves
conslstent results.

These three analytlcal procedures have been used in thils

investigation on wheat germ, from the results of which the

followling camclusions would appear warranted:-

(a) Lipoxidase activity 1s not related to peroxide forme
ation or keeping quality and the formation of pero-
xides 18 not related to the development of off-
flavours.

(b) Wheat germ heated in air develops, in storage, a highe
er content of peroxide than wheat germ similarly heat-
ed in nitrogen. The development of peroxide in
treated wheat germ during storage was not found to de-
pend on the nature of the gas used in packing.

(¢c) Proteolytic activity 1is correlated with keeping and
baking qualitlies of wheat germ. Moist heat 18 neces-
sary to destroy proteolytic activity but the molsture
content of the final product must not exceed 5% for

good keeping quality.

(4) The passage of gaseous ethylene dichloride, chloroform,

or steam,through:the germ was found to improve its



(e)

(£)

(g)

(h)

Th

palatability and keeping quality, probably by the re-
moval of some odoriferous volatlle substances. In a
mild treatment of 15 to 30 minutes ethylene dichloride
is more effective than steam, but in longer treatments
of 1.5 to 2 hours both are: equally effective. The
last traces of solvent were easily removed by steam.
The treatment destroys 50% of the total glutathione,
25% of the reduced glutathione and all the oxidized
glutathione. The good keeping and baking qualities
of the ethylene dichloride treated sample are attri-
buted to the partial destruction of glutathione.

The steam treatment destroyed about the same amount

of glutathione but also denatured the proteolytic
enayme.

The addition of 2% salt, before processing improved

the palatability of the fresh product, but reduced its
keeping and baking quallities.

A very satisfactory laboratory-scale, glass apparatus,
was developed for treating of wheat germ which gave a
product of excellent keeping and baking qualities.
All-metal equipment was also designed and constructed
for the small scale production of treated wheat germ
whlich showed possibllity of industrial development.
Excellent biscuits and bread were made with treated

wheat germ.

Vitamine E ang By content of the germ was not reduced
by the treatment,
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