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PART A 

INTRODUCTION 



I. General 

1 

One of $he most Important post-war aims is a more 

adequate diet for all people. To achieve this, the produc

tion of each dietary essential will need to be carefully con

sidered 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 investigation 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 animals to 

give these important dietary essentials. 

The germs of wheat and corn are the most important from 

the standpoint of quantity available. Both are by-products 

of the milling industry and are used as animal feed, 

generally as components of the bran and in limited amounts 

as a source of oil. This investigation was confined to 

studies on wheat germ. 

The annual production of wheat germ, as such, in the 

States is estimated to be 30 to 50 million pounds. However, 

the present milling yield of about 0.5# indicates a 

potential production of about 150 million pounds of germ 

(35). The wheat kernel is reported (2) to contain 2.2 -

3.0^ of germ and therefore it is possible that, in the 

future, the milling yield and hence the potential production 



of wheat germ may be greatly increased. For Canada, assum

ing an annual production of 350 million bushels of wheat and 

a yield of only 0.5$ of germ, the potential production of 

wheat germ Is about 100 million pounds per annum. 

The proximate composition of wheat germ as given by 

Schuette and Palmer (63) is as follows: 

Crude Protein 

Ether Extract 

Crude Fiber 

Ash 

Nitrogen-Free Extract 

Calcium (Ca) 

Phosphorus (P) 

Iron (Fe) 

Per cent - dry weight 

23.6 

6.0 

1.6 

3.9 

39.2 

0.07 

1.05 

0.007 

-

-

-

-

-

40.7 

13.5 

4.7 

6.4 

48.5 

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 com

position of \#ieat germ from different varieties of wheat. 

Wheat germ protein, as shown by Hove and Harrel (43), 

has a biological value for rats quite close to that of casein, 

skim milk and dried egg white and further it has excellent 

supplementary qualities. 

In addition, wheat germ is an excellent source of the 

flvltamlnrBrcomplexN as Munsell and De Veney report (57) and 

when added to bread increases considerably its content of 



these vitamins (54,55)f at a 20# level it trebles the vitamin 

value of the loaf. Crampton and Ashton (23) in feeding 

trials with rats found a high value for the "vitamln-B-complex" 

content of wheat germ and the Individual B-vitamin content 

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

Thiamin 

Riboflavin 

Pantothenic 

Pyridoxine 

Niacin 

Biotln 

Inositol 

Acid 

33 

9 

26 

15 

80 

0.45 

2.5 

>ug* per g 

II II II 

II it II 

M 11 It 

II II II 

• It II II 

mg. per g. 

Fearce (59) has found no detectable loss of thiamin in wheat 

germ during storage. 

Solvent extracted wheat-germ oil contains large amounts 

of vitamin E (0.3 - O.M%) 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 Its large-scale utilization as a human food. 

II • Enzyme Systems in Wheat Germ 

(a) General 

Wheat germ constitutes a living system from which a 

whole plant will develop, and hence possesses an intricate 

system of enzymes and activators. These enzymes are 
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responsible for many of the difficulties attending the use of 

this material as a food; it quickly develops t,off*»flavoursM 

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 

stabilized wheat germ which could be used in the fortification 

of bread. 

We will not be concerned here with carbohydrastf* since 

they cannot have any relation to the problem. Sumner (71) 

reports the presence of a considerable amount of lipoxidase in 

wheat germ so that fat oxidation might be a cause of the deter -

ioration 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 

farlnograph curves and baking tests. 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 fat-free 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 chiefly responsible for the spoilage of wheat germ* 

Balls and Hale (3*4,6) maintain that the wheat protein

ases active in the baking process belong to the papain group 

and J/Jrgensen (46) has shown that a close analogy exists 

between papain and the wheat proteinases. Flohll (29) also 

concluded that the wheat germ proteinases resemble papain in 
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their properties. 

A high degree of concentration and purification is re

quired before an enzyme preparation from wheat, of even 

moderate activity, is obtained (5)* There is 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. Winnick, Davis and 

Greenberg (79), for example, emphasize the similarities be

tween papain, bromelin and asclepain* 

(b) Papain-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 specificity 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 enzymatic component by comparing the activity of 

several papain preparations toward 1-leucineamide and carbo-

benzoxy-i soglutamlne. 

Balls and Llneweaver (7) have isolated a crystalline 

enzyme preparation from papain latex and they found that the 

ratio of milk-clotting activity to hemoglobin-digesting 

power varied with different papain fractions and concluded 

that papain may contain more than one enzyme. Jansen and 

Balls (45) isolated a new enzyme from commercial papain which 

they called chymo-papain and with which they found the ratio 

of milk-clotting activity to hemoglobin digestion to be exact

ly twice that of crystalline papain* The quantity of 
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chymo-papain present in crude latex is considerably greater 

than the papain content* Probably papain and chymo-papain 

are the same as the papain-peptidase I and papain-peptidase 

II of Bergmann et al. (13). 

(c) Papain 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 specificity range of papain but this theory 

was subsequently abandoned. 

Most of the known activators — cysteine, glutathione, 

hydrogen sulphide, thioglycolic acid and sulphite — are re

ducing agents and, according to Bersin (15*16), natural papain 

is inactivated by oxidizing agents and reactivated by these 

reducing agents. He has concluded that inactive papain re

presents the disulphide form of the enzyme and that the pro

cess of activation consists in a reduction of disulphide 

groups to sulphydryl groups. 

According to Frankel (32) no cyanide ions were destroyed 

in the course of an enzymatic digestion and this precludes 

its 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 byisfcpropyl 

alcohol resulted in nearly complete loss of activity. The 

quantitative study of this behavior by means of synthetic sub-
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strates gave results which could not be reconciled with the 

oxidation-reduction theory. In order to explain these re

sults the authors found it necessary to return to the co

enzyme theory of Mendel and Blood and to assume that cyanide 

ions combine with the "inactive" papain to form a dissociable 

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, it may be expected that the various enzyme-activator 

complexes, derived from the same enzyme, would differ more or 

less in their specificities; and this is 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: 

ck -papain reduction j^-papain H2S H2S-papain 
di sulphide form 4

 r sulphydryl form ^ * complex forn 
(inactive) oxidation (inactive) evacuated (active) 

<^-Papain might be activated by hydrogen sulphide (not by 

cyanide ions) and when the hydrogen sulphide is subsequently 

removed in-vacuo, a second inactive form p-papain is obtained 

which can be activated by cyanide ions* The fact that the 

activation of papain by hydrogen sulphide or cyanide ions may 

be reversed by evacuation, shows that two dissociable complex

es are formed. 
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The fact that the specificity of an intracellular pro* 

teinase is not rigidly determined, but may be altered in 

various ways by different activators, is of obvious signifi

cance liar 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 ascorbic acid, etc.) 

shown to occur in living tissues are also potential activators. 

(d) Glutathione 

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. Glutathione Is a trlpeptlde of glycine, glutamic 

acid and cysteine. Kendell, McKenzle and Mason (48) claim 

that the glycine is attached to the carboxy1 group of the 

glutamic acid nearest to the amine group, and the cysteine is 

attached to the other car boxy 1 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 glutathione. Barron 

and Singer (9) have studied the role of glutathione in various 

enzyme systems and found that it has some effect on pyruvate 

oxidase, pyruvate condensation enzyme, pyruvate dlsmutation 

enzyme, dl-ketoglutarate oxidase, malate oxidase, transaminase, 

monoamine oxidase, d-amino acid oxidase, 1-glutamate oxidase, 

stearate oxidase, oleate oxidase, (3 -hydroxy butyrate oxidase, 

lipase and native myosin. 
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The role of glutathione in living cells seems to be to 

maintain the sulphydryl-containing enzyme systems in an active 

state. Quastel and Wheatley (60) suggest that the controll

ing action of glutathione on aerobic fermentation is probably 

of significance in the normal metabolism of the cell. An 

important role of glutathione is the maintenance of the reduc

ing activity of the cell which seems to be necessary, since 

synthesis in the cell is 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 J( 

glutathione from wheat germ, although Sullivan, Howe and Schmalz 

(68) had obtained fey iodine titration) a value of 0.46 % of 

glutathione in a very fresh and specially purified sample of 

wheat germ. 

III. Wheat Germ as a Food 

(a) Wheat Germ Cereals 

,fTonikn Wheat Germ, a product of the VioBin Corporation, 

Montecello, Illinois, is the fat-free residue and has good 

keeping quality. However, solvent extraction of the fat.,. 

in this case with ethylene dichloride, is a relatively expen

sive process and the product can only be used in baking 

bread in very limited quantities. 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 being to remove 

moisture without damaging the vitamins, etc. Another 
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patented product (26) said to be free from rancidity 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 non-fatty filler such as potato flour 

and finally drying the mixture. 

Hertwig, secretary of the Committee on Foods of the 

American Medical Association (38), called attention to the 

palatability, pleasing and appetizing appearance, and the 

good keeping qualities of lightly toasted wheat germ. In a 

second article (39) Hertwig said that the addition of toasted 

wheat germ to flour for general baking purposes might deserve 

consideration for developing a new line of bakery good with 

supplemented nutritional values and thereby tend to increase 

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 oxida

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 Flohll 

(29), and Geddes (34) found that adding germ to fifth middling 

flour markedly reduced Its 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 

container, 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 

properties when added to flour dough. The beneficial effect 

of this steeping process increased with increasing time up to 

six or eight hours. The addition of 2.5 or 5 % 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 diastatlc power and decreased the oxidlzable 

substances. Contrary to this, Smith and Geddes (65) found 

that germ which had been steeped in water for six hours still 

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 obtained by adding bromate 

to the pre-fermented germ. 

The effects on dough of oxidizing substances, or reducing 

substances, on 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 

Elion (27) and Stern (66). It is 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 action of wheat germ on the properties of the dough. 

According to J/rfrgensen'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 

is 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°G. large excess of bromate was 

necessary for the rapid oxidation of glutathione (81). The 

action of bromate as an improver in wheat flour dough is 

known to be gradual and this is explained by its 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 baling strength caused by the addition of 

bromate Is not merely due to the suppression of the harmful 

effect of the protease activator, but can partly be explained 

by the subsequent presence of oxidized glutathione in the 

dough. 

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

harmful effect of glutathione, they cautioned against too 
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narrow a view regarding the activation of proteolytic enzymes 

by substances containing the sulphydryl group, because many 

compounds, inorganic as well as organic, can materially 

influence the colloidal behavior of the gluten protein by 

modifying the oxidation^reduction 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 Bailey (40) found that papain digestion increas

ed amylase activity of ungerminated barley approximately lOOjf 

due to the proteolytic release of ft-amylase associated with 

water-soluble materials. This might possibly be a secondary 

effect. 

Stern (66), in a very recent experiment, showed the co

existence of an activation of the proteases by wheat germ -

extract and the direct effect of the extract on gluten. She 

also found a considerable amount of dehydrogenases In wheat 

germ and observed that fermentation speeded up their otherwise 

slow action. Nothing is yet known about the mechanism of 

this acceleration except that it Involves the glutathione pre

sent in the yeast cells (44). This would explain the 

beneficial effect of pre-fermenting wheat germ before adding 

it 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 typical 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 dlsulphide stage. 

IV. Purpose of the Present Study 

The practical aim of the present investigation was to 

make wheat germ more palatable, more stable and to produce 

a material which could be used to fortify bread with the 

B Complex and with protein of high biological value. It would 

appear to be a much sounder practice economically and nutri

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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I. Determination of Lipoxidase Activity 

(a) General 

An adaptation of Sumner's method (71) was made to suit 

our conditions for the analysis of wheat germ. In dilute 

water suspension fat peroxides oxidize ferrous iron, and the 

ferric iron formed can be determined colorlmetically as the 

thlocyanate (80), according to the following equations: 

-CH^CH- + 02 Hpo*ldase> -CH-CH-

-CH-CH- + 2Fe++-h2H * ~£H~XH~ + Z***** 

2Fe*4'4' +6CN" > Fe[je(CNS)£j red colour 

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 is measured color-

imetically* A unit of lipoxidase is defined as "the activity 

which in the presence of 5 ®g* of llnoleic acid in the des

cribed mixture catalyses the reaction of one microgram of 

oxygen in one minute at 25°C* and pH 7"• 

(b) Procedure 

A 2.5 g* portion of finely ground wheat germ was weighed 

into a 250-ml. Erlenmeyer flask; 100 ml. of distilled water 

added, and the flask shaken in 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 in a 
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clinical centrifuge, giving a clear enzyme extract. 

Meanwhile into four 250-ml. Erlenmeyer flasks were placed: 

(1) 5 ml. of acetone containing one mg. of llnoleic acid per 

ml. This solution was freshly prepared because llnoleic acid 

oxidizes fairly rapidly 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 0.1 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 acid 

medium for the oxidation of the ferrous ions. Then one ml* 

of a 5 % solution of ferrous ammonium sulphate In 3 % hydro* 

chloric acid was 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 95# 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 &•}*• 

The calculation of lipoxidase activity was made from the 

equation: 
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(T—B) x V x 0 
— F e x t x W * T - B x 280*3 units per g. 

T ^ micrograms of ferric ions in test solution 

B r " " « «• « b l a n k n 

V = volume of solution for enzyme digestion (121 ml.) 

0 - atomic weight of oxygen (16) 

Fe = " " " iron (55.84) 

t -time (5 minutes) 

W -weight of enzyme source (2«5 » 0.025 g*) 

(c) Absorption and Calibration Curves 

A solution was prepared containing all the reagents for 

the determination with the exception of the enzyme-extract 

and the llnoleic acid, having 2.0 >i*g* per ml. of ferric 

thiocyanate. 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 calibration 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 dilutions of the original solution were 

made to give the desired points on the curve* The colour was 

developed, as in the procedure above by mixing 5 ml* of each 

dilution with 5 ml* ot 95 % ethanol and 1 ml* of 20 % ammonium 

thiocyanate* Readings were Immediately taken with the Coleman 

Spectrophotometer set at 455 nuju Fig* 2 shows the ferric 

ion concentration in gamma per ml. in the reaction mixture. 
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Figure No. 1 

Lipoxidase Determination - Absorption Spectrum 

of Ferric Thiocyanate 

/ 



Figure No. 2 

Lipoxidase Determination - Calibration Curve 

u.g. Ferric Ions / ml. Test oolutions 
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For concentration between 1 and 6 gamma of ferric ion per ml. 

of reaction mixture, Ks2*lQfi G 0.1244*0.0009, which shows 
gamma/ml. 

that the curve is logarithmic in form (G «galvanometer read

ing). 

Study of Conditions for the Determination 

(1) General: Since the calibration curve is logarithmic, 

the sensitivity of the method decreases at high colour 

intensities* For this reason no readings were taken at con

centrations greater than 4 ju.g. of ferric ion per ml. It 

was also found important to use pure reagents and well washed 

glassware rinsed in distilled water. As a further precaution 

the ferric thiocyanate colour was developed under red light; 

bright daylight and electric light increase the intensity of 

the colour. Some trouble was also encountered when poor 

quality llnoleic acid 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 enzyme extract: At first the wheat 

germ was ground in a mortar with acid-washed sand (53) but 

excessive quantities of iron remained which gave highly 

coloured blanks. It was later found that the wheat germ 

could be ground Just as satisfactorily without sand. Differ

ent concentrations of wheat germ in water were tried to deter

mine the best conditions for extraction and also to give 

readings in the most sensitive section of the calibration 

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 eentrifuging and it was found that 

filtering reduced the lipoxidase content by as much as 50%. 

The time and speed of eentrifuging also had some effect; 

2000 revolutions per minute for 10 minutes, gave a clear ex

tract* It will be evident that the details of the procedure 

must be adhered to if comparable results are to be obtained* 

(3) Reaction time: Sumner 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 concentration and hence the determination is simplified, 

although in this instance the error is multiplied in calculat

ing the lipoxidase concentration. Taking into consideration 

(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 formation against time for two samples of 

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

II* Determination of Proteolytic Activity 

(a) General 

When confronted by the task of choosing 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. Cairn and Bailey (21) made a study 
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of eight 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 amiao-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. I$ is 

known that enzymes do not attack different substrates in 

exactly the same way. In this study we are interested in 

the proteoclastic power of the wheat germ enzymes on the pro

tein of the wheat germ Itself, so we have used the whole 

wheat germ as the substrate and the source of enzymes, thus 

avoiding the danger of changing the specificity by extraction. 

As early as 1903, Vines (74) used the increase in free-

tyro sine 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 miHiequivalents 

of tyrosine, although realizing that the reaction was not spe* 

cific, some of the colour being due to tryptophane, cysteine, 

etc* This reaction is employed as the basis of our method 

which is described herewith. 

(b) Procedure 

Four 0.250*g. portions of finely ground wheat germ were 

placed in Erlenmeyer flasks; to the two control flasks 20 ml. 



23 

pf 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 was pre

pared by mixing 70 ml. of a solution of citric acid (21.008 

g. per liter) and sodium hydroxide (8 g* per liter) with 30 

ml. of 0.1 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. aliquots of each filtrate were 

placed in large test tubes, and 20 ml* of water, one ml. of 

3*85 normal sodium hydroxide and one ml* of "phenol reagent" 

were added to each* After standing 10 minutes the colour 

was read in a Coleman Spectrophotometer set at the 650 m.jx. 

wave-length* 

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 Ciocalteu (30) with lithium sulphate. 

The unit of proteolytic activity is expressed as "milli-

equivalente of tyrosine per kilogram of wheat germ liberated 

under the test conditions". It was realized that not all 

the blue colour developed was due to tyrosine, however the 

colour is expressed in mi111equivalents of tyrosine as it was 

read from the calibration curve. The blank corrected for 

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

The following equation was used to calculate the units 

of proteolytic activity: 

e x W * (T ~ B* x 5#1 unltsA1logram of wheat germ 

^concentration of tyrosine in test solution in gamma per 

B-- " " " « blank " 

V=volume of solution in ml* (140ml.) 

W=weight of sample in g* (0.250 g.) 

e-^equivalent weight of tyrosine (181 g.) 

(c) Absorption Spectrum and Calibration Curves 

In Fig. 3 the galvanometer readings are plotted against 

wave lengths for a tyrosine solution containing 34 ;u.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 obtained with differ

ent dilutions of a standard solution prepared by dissolving 

100 mg. of (Eastman Kodak) tyrosine in 200 ml. of a mixture of 

5 parts of distilled water; 1 part of a 10# solution of 

trichloracetic acid and 1 part of citrate buffer (pH 4.5)* 

The curve obtained Is not logarithmic although Folln 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 readings were obtained, 

and hence the optimum conditions for the test, at 
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Figure No. 3 

Determination of Proteolytic Activity - Absorption 

Spectrum of the Blue Colour 
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Figure No. 4 

Determination of Proteolytic Activity 

Calibration Curve 

u.g. Tyrosine / ml. Test Solution 
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concentrations between 10 and 80 jug. per ml. 

(d) Study of Conditions for the Determinate mi 

(1) Sample size; The optimum conditions are those which 

give 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 typical results are shown in 

Table I. 

Table I 

Proteolytic Activity with Varying Amounts of Wheat Germ 

Weight 
of 

Sample 
(g.) 

0.200 

0.250 

O.JOO 

0.400 

0.500 

1.000 

pH4 

29 

32 

27 

22 

13 

8 

Proteolyti 

Units 
pH5 

19 

23 

23 

20 

8 

6 

c Activity 
f, Activit3 
0.25-K.san 
pH4 

91 

100 

85 

68 

40 

25 

r of 
rple 
pH5 

83 

100 

99 

87 

35 

29 
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Prom Table I it can be deduced that 0*25 g. is the most satie 

factory weight of wheat germ. The results in columns 4 and 

5 Indicate that at the higher pH the decrease in proteolytic 

activity for a given increase in concentration is not as 

great as at the lower pH. This may be due to the greater 

solubility of the protein at the higher pH. 

(2) pH: Since it is well established that the enzyme of 

wheat germ is of the papain type, pH*s between 3.5 and 6 were 

tried in a series of three experiments with the results *hown 

in Table II. 

Table II 

Proteolytic Activity at Various pH's 

Proteolytic Activity 

pH Weight of Sample 
0*20 g»/l40 ml. 0.25 K+/140 ml. 0.50 g»/l40 ml. 
Units Per Cent Units Per Cent Units Per Cent # 

29 

32 

37 

23 

19 

78 

86 

100 

63 

51 

26 

27 

31 

23 

-

82 

87 

100 

75 

mm 

3.5 

4.0 

4.5 

5.0 

6.0 

27 

29 

35 

19 

«. 

72 

83 

100 

55 

•» 

# taking pH 4.5 as 100 per cent. 

Prom Table II it is qpiite clear that pH 4.5 is the optimum 

for digestion. 

(3) Temperatures The initial determinations were carried 
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out in a small oven, heated by two 25-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 incubations were carried out in a dark incubator-room 

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

given in Table III. 

Table III 

The Effect of Temperature on Digestion in Light and Dark 

Weight 
of Units of Proteolytic Activity 

Sample Oven Incubation Room Per Cent # 
(g.) (400c.) (37°C.) 

0.50 18 13 72 

0.40 28 22 77 

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 activity 

in the incubation room at 37°C. was only 84# of the activity 

in the oven at 40°C. 

(4) Times The optimum digestion time was then determin

ed in a series of experiments with 0.25-g* samples at pH 4.5* 

A typical 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 gives the most consistent results and the maximum 

activity within the range of greatest sensitivity of the call 

bration curve and thereftxrels«oavenient for daily routine 

analysis. 

The Effect 

Time 
in 

Hours 

2 

4 

6 

8 

10 

of 

Table IV 

Incubation Time 

Units 

Sample 

24 

28 

31 

30 

27 

of 

"A" 

on Proteolytic Activity 

Proteolytic Activity 

1 " Sample "B" 

16 

22 

23 

20 

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 

Activator Units of Proteolytic Activity 

None (control) 

0*5 mg. Glutathione 

1 mg. " 

0.25 mg. Sodium Cyanide 

31 

31 

31 

28 

Apparently wheat germ already contained an optimum amount of 

natural activators. The slightly reduced activity in the 

presence of cyanide might indicate some effect of heavy metals 

or enaymes containing heavy metals. This failure to obtain 

activation was not important~since our main interest was in 

the naturally occurring proteolytic activity of wheat germ. 

III. Fat-Peroxide Determination 

The method of Chapman and MoFarlane (22) developed in 

this laboratory for the determination of fat-peroxides in 

milk powders was followed and was found both useful and 

accurate. It Is an adaptation of Yule and Wilson's method 

for gasoline and Is based on the oxidation of ferrous to 

ferric iron by the peroxides present and the colorimetric 

determination of the ferric iron as ferric thiocyanate (80). 

The same weight of sample and dilutions as for milk 

powders were used successfully with only minor changes such 
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as decanting the reagent instead 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 negative perori. de 

values. This can be explained by the presence in wheat 

germ oil 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 keeping quality as 

determined by storage test. The wheat germ was supplied by 

Ogilvle Flour Mills Company Limited, Montreal, and was obtain-

ed from hard winter wheat by a dry milling process (lljt 

moisture), which gave a yield 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 discount 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) Vax-coated and wax-and-resin-coated cellophane 

envelopes - Cellophane Division, Canadian Industries 

Limited, Montreal. 
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The metal-foil and the cellophane envelopes are sealed, 

air-tight with a warm Iron. When moderately filled with 

carbon dioxide, the wax-and-resin*-eoated cellophane envelopes 

were slightly permeable to the gas and in about two days a 

vacuum existed inside, so that the two walls held together. 

Air-packing and gas-packing were compared, the inert gas 

being either nitrogen or carbon dioxide. 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 admitted. 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°C. 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 stability 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 series of treated samples - it 

was generally kept below 5%* 

Two methods wre used to test the quality of the stored 

product. Peroxide values were determined and a small panel 

of Judges 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 criteria 

of quality. 

Y. Baking 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 Ogilvle Flour 

Mills Company Limited, Montreal. In the baking tests the 

ingredients used were: 380 g. "Buffalo11 flour, 19 g* wheat 

germ, 11.4 g* yeast, 11.4 g. sugar, 6.6 g. salt and 200 ml. 

of water. The yeast was dissolved 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 qualities were recorded. 
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I. The Preparation of a Cereal Food 

(a) General 

The problems involved in the preparation of a cereal 

food from wheat germ are mainly to improve its palatability 

and its keeping qualities. Light toasting is said to 

Improve the palatability of wheat germ. Improved keeping 

qualities might be expected from either gas-packing to pre

vent oxidation during storage, or a treatment which destroyed 

the harmful substances naturally present, or a combination of 

the two. das-packing is an expensive process and probably 

not effective with raw wheat germ but may improve the keep

ing quality of treated wheat germ. The inactivation or 

destruction of the enzymes in wheat germ is chiefly a problem 

of controlling the oxidation or denaturation of the protein 

without affecting the quality of the product. 

Toasting destroys the characteristic and pleasing 

flavour and odour of fresh wheat germ but has a beneficial 

effect on the stability of the product. This suggested that 

the degree of oxidation and denaturation of the protein re

quired to give a stable product might be obtained, without 

adversely affecting the flavour and odour, by a less drastic 

heat treatment under controlled conditions especially in 

regard to the moisture content. The development of such a 

process is described in the following sections. 

(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 in 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 enzyme 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 lipoxidase and the proteolytic enzymes and the brown 

discolouration did not develop* .* To evaluate the keeping 

quality of these products, peroxide values were determined 

after a short two weeks storage at 5°C. and at room temper

ature. Some typical results are given in Table VI which 

indicates that heating for 1.5 hr. under nitrogen did not in

crease the peroxide content. 

Table VI 

Peroxide Content of Treated Wheat Germ 

Sample Peroxides - m.e./Kfi* wheat fferm 
(5 C.) [room temperature) 

Control (untreated) nil trace 

Heated 12 hr. at 100°C. 
(open container) 0.9 2.2 

Heated 1.5 hr. at lOOoc. 
(closed container) nil nil 
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Following 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 Moisture Lipoxidase Activity 
Number Treatment Condition (percent) (Unltsyftg.) (Units/Kg.) 

Control air 11#1 
Untreated 

Control nitrogen 11#1 
Untreated 

1*5 hr.-100°C.air 10.3 
in air,closed 
system 

537 

537 

nil 

42 

42 

nil 

4 1.5hr.-100°C. nitrogen 9*6 w -20 
in air,closed 
system 

5 l*5hr.-100oC. air 8.6 M 23 
in nitrogen, 
closed system 

6 l*5hr.-100°C nitrogen 9*7 M l6 

in nitrogen, 
closed system 

7 12 hr.-100°C. air 0.9 " 35 
inato,open 
system 

8 12 hr.-100°C. nitrogen 0.9 H 55 

in air,open 
system 

Ten samples from each of the eight treatments were packed in 

laminated metal-foil envelopes, sealed and stored at 37°0. 

The test was discontinued after 5 weeks oecause 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 increase 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 

2 Control Untreated 

3 1.5 hr.-100°C. in air, 
closed system 

4 1#5 hr.-100°C.in nitro
gen, closed system 

5 1.5 hr.-100°C#in nitro
gen, closed system 

6 1*5 hr.-100°C.in nitro
gen, closed system 

7 12 hr.-100°C. in air, 
open system 

8 12 hr.-100°C. in air, 
open system 

nil 

H 

II 

II 

•1 

II 

1.0 

1.0 

nil 

II 

0.2 

0.1 

nil 

II 

20.7 

10.1 

0.4 

0.3 

1.2 

1.5 

0.9 

nil 

39.0 

54.7 

16.0 

14.3 

20.3 

23.4 

10.0 

5.3 

43.0 

60.0 
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Rancidity in wheat germ is apparent by smell and taste when 

the peroxide-value has Increased to about 20 m.e./Xg. Off-

flavours were least pronounced in sample 7 and 8, thus indi

cating that the peroxide value was not a good criterion of 

the keeping quality and apparently the fat does not contri

bute to these off-flavours. The results in Table VIII also 

show that:-

(a) heating under nitrogen was less - conducive to 

oxidation 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); 

(c) 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 moisture content, thus indi

cating that moisture played an important part in the develop-

ment of off-flavours. Pearce (59) drew attention to the 

importance of moisture in 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 materials might be 

defective because, similar samples stored in glass containers 

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-

f lavours developed very rapidly so that the experiment had to 

be discontinued. When some of these samples were replaced 

in open containers and dried in an oven, the off-flavours 

disappeared. It is concluded that the spoilage 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 process was develop

ed whereby the sample was first treated with moist heat and 

then with dry heat in the apparatus illustrated. The 

following is a description of a typical 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 Hi vac pump (1). The flask was evacuated and refilled 

with nitrogen three times, stopcocks (M) and (N) were cloaed 

and the boiling 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 1.5 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 pressure, to remove moisture 

and other volatile substances. 

Numerous experiments were conducted in which the duration 

of the moist heat and dry heat treatments were varied. In 

the procedure just described the times given were the mini

mum required to destroy proteolytic activity and to assure the 

beat keeping quality. Storage Test No. 2 was designed to 

determine the keeping quality of the product when packed in 

metal-foil 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 spoiled quite rapidly but in cellophane it kept 

fresh and palatable for at least one month. Lipoxidase 

enzymes were destroyed even by the short-time heat treat

ments and it 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 Samples from Storase Test No.2 
(Samples packed in cellophane envelopes and stored at 55°C.) 

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

1.5 hr.W - 1.5 hr.D-A nil 0.7 

1.5 hr.W - 1.5 hr.D^N " 1.1 

1.0 hr.W - 1.0 hr.D-N » 0.4 

1.5 hr.W - 0.5 hr.D-N M 0.2 

Control-Untreated M 0.6 

W ? moist heat in a closed container 

D - dry heat in an open system 

A - packed in air 

N z packed in nitrogen 

Off-flavours 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 little difference in so far as 

peroxide values were concerned. There is a slight indication 

that increasing the drying period caused the formation of 

more peroxides. 

(d) Solvent Treatments 

Untreated wheat germ is a very unstable food hut "Tonlk" 

Wheat Oerm keeps very well for a long time. The difference 

between the two is that the fat has been extracted from 

"Tonik" Wheat Oerm. However the experiments reported above 
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have indicated that fat decomposition is not the important 

factor in the spoilage of the germ. Therefore, the solvent 

(ethylene di chloride) must have some preserving action on 

the non-fat constituents of the germ. The effects of a 

number of different solvents, e.g. ethyl-ether, petrol-ether, 

chloroform, carbon tetrachloride, ethylene dichloride, 

methanol and ethanol - were studied in test-tube experiments. 

All of these solvents destroyed the llpoxidases and with the 

exception of ethyl and petrol-ether all destroyed the pro

teolytic activity. 

In subsequent experiments, as it was not desired to re

move the fat, only the vapours of the various solvents were 

passed through the germ* 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 refilled two or three times with nitrogen. 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 boiled in (C) and its 

vapour passed into the wheat germ through the inlet tube (D) 

and condensed in (!)• When the desired volume of solvent 

had been passed through or the desired amount of time had 

elapsed a vacuumms applied at (F) or nitrogen or carbon-

dioxide 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 Test No* 3 compared the effect of various 
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Figure No.6 

Apparatus for the Solvent Process 

i 



46 

solvents. The samples were packed in metal-foil envelopes, 

glass sealers and wax-coated cellophane envelopes and stored 

at 55 C. Only ethylene di chloride and chloroform improved 

the keeping qualities, all the other solvents developed 

some strong off -flavours different from the usual spoilage of 

wheat germ. In this test it was again observed that there 

is not much correlation between keeping quality and peroxide 
and 

value,/that an increase in peroxides is not the main cause of 

spoilage. Reynold1s metal-foil packages are not suitable 

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

Table X 

Results of Storage Test No.3 (Two Months Storage at 55°C.) 

Packed in Cello
phane Envelopes 

Packed in Metal-Foil* 
Lined Envelopes 

Treatment 

Control 
Untreated 

Combined Heat 

Ethylene 
Dichloride 

Chloroform 

Peroxides 
(m.e./Kg.) 

.1 

.3 

.4 

.4 

Remarks 

slight: 
off-flavour 

slight 
off-flavour 

very good 

good, taste 
of solvent 

Peroxides 
(m.e./Kg.) 

.2 

.1 

.6 

•3 

Remarks 

strong 
off-flavour 

strong 
off-flavour 

fair 

fair, taste 
of solvent 

Only the treatments which gave the better products are record

ed in Table X, other solvents gave off-flavours which develop

ed in a very short time. 

Ethylene di chloride, or chloroform-treated wheat germ 

is 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 preferred 

because it was already used commercially as a solvent, it was 

more easily removed and it 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 

germ. 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 volatile 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 

while the material cooled. This sample kept very fresh and 

appetising during 3i months storage in a sealer at 55 C* 

The difficulty encountered with these treated products 

was to remove the last trace of odour and especially taste 

of the solvent. Many different techniques were used but the 

results were still quite erratic so that the process still 

required further improvement• 
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(e) Solvent and Steam Treatments 

The apparatus used was exactly the same as that shown in 

Flg# 6, and the process was the same as before, but a deodor-

isation 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°C. 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 vacuiun 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 atop 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 37 C. 
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Table XI 

Storage Test No. 4 on Solvent and Steam Treated Product 

Sample 
Number Treatment 

IV steam only 

Pack- Freshly 'freated Samples Time 
ing Broteolytic Pr odu ct s 
Atmo- Moisture Activity Remained 
sphere (per cent) (units/Kg.) Palatable 

I untreated CO2 

II untreated air 

III solvent- steam CO2 

CO, 

6.2 

6.2 

4.7 

5*0 

31 

31 

6.2 

nil 

1 month 

1 month 

over 8 
months 

over 8 
months 

One sample was treated with steam only. The steam was first 

passed rapidly through the germ just as when treating with 

ethylene dichloride and then passed slowly as in deodorising. 

This was done to check on the effect of ethylene dichloride 

and it was found that steam alone is effective. This ex

plains the results of earlier experiments in which the 

enaymes were Inactivated by heating the moist germ in a closed 

system. These samples were still of good quality after 

eight 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 dioxide. The packing materials used were the 

special resin-and-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 objections to the process described above 

were that it was expensive since it required an all-glass 

apparatus, including 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 boil

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 design

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 (0), the latter 

being immersed in a thermostably controlled oil bath (D). The 

super-heated vapours were admitted 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 (a). The chamber was screwed on the shaft (E) 

by which it was supported and rotated. The motor and the 

pulley which rotated the shaft were so arranged as to give 

30 to 60 revolutions per minute. The chamber, 15-5 cm. long 

with a diameter of 12.5 cm., was made of a solid block of 

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

with a plastic "Uthcote". This coating was found to with

stand the treatment. The chamber was surrounded by a steam 

jaoket by which the germ was heated to 110 - 115 0. The 



Figure No. 7 

Equipment for the Treatment of Wheat Oerm 
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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 being obtained 

with 2% salt. A typical processing was carried out as 

follows:- 200 g. of wheat germ were placed in the chamber, 

the oil bath was maintained at 117°C, the temperature in the 

chamber rose to 97°0. in 10 minutes when the steam treatment 

was started. The steam filled the chamber in two minutes 

and the temperature inside reached 110°C. After 30 minutes 

of steam treatment at 110°C, nitrogen was passed through for 

MO minutes while the chamber was kept above 100°0. The 

chamber was then cooled to room temperature in 7 minutes by 

passing cold water through the steam jacket. Under these 

conditions the proteolytic activity was destroyed and a dry 

product was obtained. Storage Test No. 5 was made on some 

typical samples prepared with this equipment. The samples 

were air-packed in wax-coated cellophane envelopes and stored 

at 37°0. One sample of ethylene dichloride-treated and 

ateam-deodoriaed 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 salt 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 producing the 

better products by the previous treatment. A further objec

tion to this apparatus was the difficulty experienced in 

reducing the moisture 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 

still good after storage in air for three months at 37°C, 

there is a possibility that the process might be developed 

industrially. 

II* 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 uneconomlcally 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-Oomplex. Wheat germ would be a 

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

large quantities of it as human food? We daily consume 

large amounts of white flour in bread and some in biscuits 

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

without damaging their 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, particularly in the baking of 

bread which is so markedly influenced by the enayme systems. 

Furthermore, the treatment also removes the "raw" taste of 

wheat genii, which to some people is quite unpleasant• 

(b) Biscuit 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 biscuits containing different 

levels of treated wheat germ and control samples without germ, 

with untreated germ and with "Tonlk11 Wheat Germ, were prepared 

The appearance of the biscuits 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 tfTonikH Wheat Germ (probably 

the fat present improved the palatability). Untreated wheat 

germ imparted some of its "raw" taste to the biscuits. As 

much as 20% 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 10JC 

level• 

(c^ 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 enzymes were completely destroyed in 
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both and the bread obtained was excellent. A series of 

samples was then specially 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. 

Table XII 

Baking Test on Samples Treated for Different Lengths 
of Time 

Treatment 

Proteolytic 
Activity 
of Germ 
(units/Kg.) 

Loaf 
Volume 
(ml.) 

Crumb 
Colour 
(relative 
order) 

Flour alone 

95/* flour 

Untreated 

15 min. S 

20 min. S 

30 min. S 

60 min. S 

25 min. S 

S - steam 

alone (calculated) 

wheat germ 

& 40 min. N 

& 30 Mine N 

3c 45 min. N 

& 35 min. N 

& 45 min. A 

treatment at 

N ^ drying in current 

A - drying c in current 

, 105 -

-

«* 

29 

13 

9 

trace 

nil 

II 

110°0. 

of nitrogen above 

of air above 100 ( 

2650 

2510 

2500 

2500 

2500 

2575 

2600 

2600 

100°C. 

J* 

-

-

A 

3 

3 

2 

2 

1 

The volume for 95* of flour alone is obtained by calculation 

and represents the volume that would be obtained if wheat 

germ was inert and occupied no volume. Actually the added 

5% of wheat germ occupies very little space. The loaves 
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containing 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 containing "treated" germ appeared to be almost 

identical in handling quality and no excessive softening 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 is a very marked correlation between baking 

quality and proteolytic deactivation; 

(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 No. 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 qualities. 
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Table XIII 

Baking Test on Samples from Storage Test No.6 

Treatment Loaf Volume in ml. 

Flour alone 2800 

955C flour alone (calculated) 2660 

Untreated wheat germ 2250 

30 min. 3 - 1 hr. D 2500 

30 min. S - 1 hr. D ,- NaOl 2350 

15 min. £ - 15 min. S - 1 hr. D 2575 

15 min. S - 15 min. S - 1 Hr. D - KaCl 2475 

S r steam treatment at 105 - HO 0. 

S x ethylene dichloride treatment at 95 - 100°0. 

D c drying in air 

NaCl ; 2% of salt was added to the wheat germ before treatment 
and well incorporated during the treatment. 

All of the loaves with treated germ were similar and quite 

acceptable in so far as crumb colour, symmetry and texture 

are concerned. The doughs containing "treated" germ appeared 

almost identical in handling quality. The loaf containing 

wheat germ treated with ethylene dichloride and steam was 

excellent. From Table XIII, it can be observed tbati-

(1) the ethylene dichloride treatment was more desirable 

than the plain steam treatment; 

(2) 2% of salt decreased the baking quality of the germ; 

(3) the treatment made wheat germ suitable for baking 
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bread, particularly 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°C. 

Table XIV 

The Effect of Storage on the Baking Quality of Treated 
Wheat Oerm 

Treatment L o a f Y o l u m e l n m l # 

Flour control 2700 

95J* flour control (calculated) 2530 

No. 1 (untreated) 2500 

No. 3 (ethylene dichloride and steam) 2475 

No. k (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/C 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 spoiled. 

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 £ and Bg. 

content are most important. 

The biological value of the wheat germ protein 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 1M% of the dry weight, indicating that there had 

been no appreciable removal of fat by the ethylene dichloride 

vapour. Vitamin E determinating (58) on the crude fat from 

the treated and the raw germ showed that no loss was caused by 

the treatment. 

The thiamin (vitamin B-.) content of the same samples was 

determined by the Thiochrome method as modified by Morrell 

(56), with the results shown in Table XV. 
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Table X¥ 

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

Treatment Thiamin 
l/ug./100 g. dry wt.J 

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 dichloride treatment 

has actually increased the retention of thiamin in storage. 

It is further indicated that, little loss occurred during 

storage, since these are high values for the thiamin content, 

of wheat germ produced by dry milling. According to Hint on 

(41), it is more difficult to extract the scutellum by dry 

milling and the scutellum contains ten times the thiamin con

tent of the embryo. This excellent retention of thiamin 

in storage confirms the finding of Pearce (59)* 

TV. glutathione and the Activation of the Proteolytic Enaymes 

(ft) Oeneral 

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 Tunnicllffe (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 is 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 

modifications, 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 precipitation of 

glutathione by cadmium 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 added and the solution filtered through a Whatman 42 

paper into a 50-ml. volumetric 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 faint blue tinge, 

first by the addition of 25% sodium hydroxide until close to 
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the end-point 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 O.ljC 

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 standing two hours the tubes were centrifuged, the 

supernatant liquid 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 back-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 iodine solution in 10 

ml. of 10# phosphoric acid containing 5 drops of starch indi

cator, with sodium thiosulphate using exactly the same tech

nique. The value, mg. of glutathione per 100 g. of wheat 

germ is calculated as follows:-

2n x m.w. YV Y 100 - n x IR^.S 
W A 1000 ~ J-:*?.:* 

n s ml. of 0.002 normal thiosulphate-difference between 
blank and test solution 
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m.w.c molecular weight of glutathione (307) 

W ~ weight 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 

gives the oxidized glutathione. 

(2) Extraction: The use of 95# ethanol was introduced 

in the extraction because it facilitated the penetration of 

the solvent. Trichloracetic acid was chosen as the solvent 

because of its traditional use in the determination of gluta

thione and because satisfactory results were obtained with it. 

Alternative reagents such as tungstate formed a precipitate 

with cadmium and sulphosalicilic acid gave high and erratic 

results. Glutathione decomposes in neutral and alkali 

solutions, but it is fairly stable at a low pH such as in the 

10# trichloracetic acid. It was found that extracting 1 g# 

of wheat germ with three 10-ml. portions of trichloracetic 

acid gave maximum recovery. Further extraction with tri

chloracetic acid actually reduced the apparent amount of 

glutathione, probably because of difficulty in handling the 

larger volume. 

(3) Precipitation: Voegtlin, Johnson and Rosenthal^ 

(76) method for precipitating glutathione with cadmium ace

tate gave them an excellent yield of a copper-free product. 

Cadmium lactate was used in this work because it has been 

found to be more specific 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 eentri

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 precipitation of cadmium glutathionate starts at pH 

6.2 and was quantitatively completed at pH 6.8. This precipi

tation is highly specific and there is 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 eentrifuging; the 

supernatant liquid was adjusted to pH 6.8 and the glutathione 

determined in the precipitate. The results were not significant 

ly different grom the0e obtained by the usual procedure, so no 

correction need be made for the cysteine 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 Glutathione by Precipitation with 
Cadmium Lactate 

Material Tested 
Glutathione (mg.) 

Theoretical 

1.0 

-

2.06 

3.06 

Found 

1.02 

1.06 

2.04 

3.14 

% Recovery 

102 

-

99 

103 

1 mg* glutathione 

Extract of 1 g. wheat germ 

Extract of 1 g. wheat germ 
& 1 mg. glutathione 

Extract of 1 g. wheat germ 
& 2 mg. glutathione 

(4) Titration: The results in Table XVI also confirm the 

accuracy of the iodimetry. 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 days. 

Potassium iodide was not used because, according to Binel and 

Weller (17), it interferes in the glutathione determination 

and in preliminary tests we found that satisfactory duplicates 

could not be obtained. However, when prepared in this manner, 

the normality of the iodine solution increased slightly on 

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

to make blank determinations with each analysis. An 0.1 normal 

solution of sodium thiosulphate was re standard! zed each week 

and used daily to check the 0.002 normal solution of iodine. 

* m +^v,+ esf the Oerm on its glutathione 
{c) The Effect of Treatment of me ^rm ULl -

Content 
a+^««.o T«>st No. 5 which had been held 

Samples from Storage Test wo. z> "«* 
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8 months at j57°C were analysed for their glutathione content. 

Table XVII gives the averages of quadruplicate determinations. 

Table XVII 

The Glutathione Content of Treated Wheat Oerm 

Treatment 

No.l Untreated 

No.3 Ethylene dichloride 

No.4 Steam 

Total 

147.4 

76.7 

79.8 

Glutathione 
Reduced 

102.6 

77.2 

80.5 

(mft./lOOa.) 
Oxidized 
(by difference) 

44.8 

nil 

nil 

These results indicate that the treatment reduced the total 

glutathione by 50^ and the reduced glutathione by 25J* with 

complete destruction of the oxidized glutathione. This would 

signify that the treatment carried the oxidation of glutathione 

beyond the dlthio-configuration, possibly causing complete de

composition and certainly bringing about a change which is 

not reversed by sodium cyanide. 

(.a) Reactivation of the Proteolytic Enzymes by Glutathione 
and Cyanide 

According to Bergmann, glutathione or a similar activator 

is 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, it 

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 protein-enzyme. 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.l Sample No. 3 Sample No. 4 

Untreated Ethylene Di- Steam Treated 
chloride Treated 

Nil - control 31 6 nil 

22 0*5 mg. glutathione 31 

1.0 mg. glutathione 31 28 

0.25 mg. sodium 28 28 
cyanide 

II 

II 

Apparently the steam treatment denaturated the proteolytic 

enzymes so that they are not reactivated by glutathione or 

cyanide, whereas the enzymes in the ethylene dichloride-treated 

wheat germ are almost completely reactivated by glutathione 

or cyanide. Activation by cyanide indicates that the papain-

like enzyme was changed by the treatment to the reduced in

active form (the Q form according to Bergman^ 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 glutathione actually destroyed by the treatment. 

Since the addition of glutathione to the untreated germ did 

not increase its activity it would appear that the optimum 



amount was already present. The effect of cyanide on the 

activity of untreated germ might be due to the poisoning of 

some related enzyme systems containing heavy metals. 



PART D 

DISCUSSION 
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I# The Importance of Peroxide Content and Lipoxidase Activity 
to the Keeping Quality and Baking Properties of Wheat Germ 

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 it might accelerate the formation of peroxide by destroying 

some naturally occurring antioxidants or by catalysing the 

initial oxidation. 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 carried out in nitrogen 

the latter effect was minimized so that a slight retardation 

of peroxide development became apparent. 

Using the Chapman and MoFarlane method (64), which is 

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 is unlikely to be a serious problem In the 

storage and shipment of wheat germ. However, Sullivan et al. 

(70) showed, that the presence of the oxidized unsaturated 

fatty acids 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. This may 

be done by a short heat treatment in an inert atmosphere. 
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II» Proteolytic Enzymes and the Keeping Quality and Baking 
Properties of Wheat Germ 

The development of off~flavours 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 substances and moisture. The fact that this treat* 

ment improves the baking quality as effectively as the steam-

treatment indicates that glutathione is the main factor 

affecting the baking quality of untreated germ. This also 

suggests that the improved baking quality of untreated germ 

after prolonged storage, is due to the oxidation of gluta

thione. 

It is interesting to note that sodium cyanide had a 

slight 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 is claimed by 

other workers that this does not improve baking quality and 

that it removes valuable constituents such as the water-

soluble vitamins. The other proposed method is to use pre-

fermented germ as the fermenting agent in the dough. This 

seems practical and cheap, but fermented germ would not also 

be utilizable as a cereal. 

A wheat germ of excellent quality is 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 it the fat-soluble vitamin E; the palatability 

and food value are also reduced. The cost of the product is 

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 is 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 quality could be produced, 

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

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

to design commercial equipment, based on the present studies, 

which would produce a low-priced product of high nutritive value 
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with good fcaking and keeping qualities. For this reason it 

is felt that the process here developed could play an import

ant part in solving some of the food problems that will arise 

after the war. 



FART E 

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

of lipoxidase activity in wheat germ has been developed. 

(2) A short and simple method for the determination of pro

teolytic activity is presented. 

(3) The method of Blnet and Weller for the estimation of gluta

thione has been studied. It is found to be highly 

specific and with certain minor modifications it gives 

consistent results. 

(4) These three analytical procedures have been used in this 

investigation on wheat germ, from the results of which the 

following conclusions would appear warranted: -

(a) Lipoxidase activity is not related to peroxide form

ation or keeping quality and the formation of pero

xides is not related to the development of off-

flavours. 

(b) Wheat germ heated In air develops, In storage, a high

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 is correlated with keeping and 

baking qualities of wheat germ. Moist heat is neces

sary to destroy proteolytic activity but the moisture 

content of the final product must not exceed 5% for 

good keeping quality. 

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

or steam through the germ was found to improve its 
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palatability and keeping quality, probably by the re

moval of some odoriferous volatile 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 an©; equally effective. The 

last traces of solvent were easily removed by steam. 

The treatment destroys 50# of the total glutathione, 

25j£ 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 

enzyme • 

(e) The addition of 2% Bait, before processing improved 

the palatability of the fresh product, but reduced its 

keeping and baking qualities. 

(f) 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 

which showed possibility of industrial development. 

(g) Excellent biscuits and bread were made with treated 

wheat germ. 

(h) Vitamins E and Bx content of the germ was not reduced 

by the treatment. 
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