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~  ABSTRACT | .

A research fevestigat}on wae endertaken to‘deveiop a2
detoxification method for improving the nueritionaf value
of Tower rapeseed meal, by removing the vo1ati]e)buteny1 -
(BIT) and pentenyl - (PIT) isothiocyanates resulting from
the enzymatic hydrolysis of the meal g{ucosino1ates. The

-

method consists of the following steps:

1) dehulling the eeed, thereby reducing the meal's
content of indigestible fibers from a potential

. 25% to about 4%; S

2) extracfing fhe 0i1 from the dehulled seed (meat);

3) adding water to the defatted meat (meal) .at a
water-to-meal (W/M) ratio of 150 ml: 1 g meal
(dry basis) to hydrolyze the glucosinolates,

4} freezieg the wet meal;

5) removing the fsothiocyanates (ITC) during the

freeze-drying of the meal.

The method reduced the ITC fn the dried meal by
0.34 mg/g meal (dry basis) from the original level of
1.52 mg/g. The use of the‘high ratio of 150:1 prevented
the formation of ‘the toxic nitriles and minimized the
reaetion of the meal protein with the isothiocyanates to
form the potentially toxic dithiocarbamates and substituted

thioureas.



Furthermore, there was no loss in meal components
from the detoxification method used. The use of freeze-
drying also prevented the formation of objectionable color
changes, thus allowing the meal to retain its original
yellow color.  However, economic analysis {ndicated that if
2 plant were to_use this method for the detoxification of
rapeseed, it would not be profitable enough.

:

For the development of this detoxification method,
modelling and opfimization techniques, wére used. Solutions
to the{ ;rob]ems encountered with this approach are

A

discussed in” the text.

During this study, the gas-liquid-chromatography
(GLC) method for the analysis of volatile ITC, developed by
Youngs and Wetter (235); was mod{fied. The major features
of the‘modification was the use of the endogenous myrosi-
nase enzyme to hyqro!yze the seed glucosinolates and the
use of a high W/M ratio of.150:1.' The modified method had
2 reasonably low coefficient of variation of 4.5%. Mass
spectroscopy was used to identify the ITC eluted from th%ﬁ
GLC column. The coelutants with the BIT and PIT were afso

identified by their mass spectra.
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CHAPTER 1
INTRODUCTION

One group of substances present 1in rapeseed'mea? is
glucosinolates. Upon hydrolysis, glucosinoclates yield,
émong other hydrolysis products, the following potentially
toxic (130) aglucons: igﬁthiocyanates (ITC), nitriles,
oxazolidinethiones (0ZT), and thiocyanates (13,220,225).
It should be noted _tH%%- elemental sulfur, glucose, and
bisulfate are always produced as a result of the formation
of nitriles. The type of glucosinolate, and conditions of
the hydrolysis, determine the amount and type of the
aglucon formed. Glucosinolates per se do not seem to be

toxic (13,29,167).

Unlike g]ucosino]até;, aglucons are soluble in both
dil and hexane. Therefore, if these aglucons were present
in the seed during extraction of the o0il, they would
contaminate the extract with sulfur compounds, 1e35ing to
the poisoning of the hydrogenation catalysts used 1in the

seed 0il industry (47,130).



Due to the presence of glucosinolates, feeding rape-
seed meal to a variety of animal speciés and té human
beings could adversely affect sthe adrenal cortex, Bitui-
tary, kidneys, and liver, causing thyroid adenoma, and in
some cases, death. The effect on ruminant animals has been
found to be less than that on non-ruminants (14,18,220) and
it varies according to the type of glucosinolate (228).

It has also been observed that the animals' growth rate,
the number of Titters they have, and the amount of milk
they produce are depressed (169,172). Moreover, the n:ik
produced <could be <c¢ontaminated with potentially tox{c
aglucons, or with thiocyanate ion which could pass to the
animals® offspring (169,220} and/or humans (220,225}
feeding on the milk. In addition, these compounds may
poison milk bacteria and thus prevent the transformation of

milk into other useful products such as cheese (169).

In most current seed-defatting processes, the whole
seed 1is heat-treated at temperatures in the range of
80-90°C to maximize o¢il yields (14). The aim of this
thermal treatment 1is to deactivate the enzyme myrosinase
which fis resbonsib1e for the hydrolysis of glucosinolates,
thus Teavihg these glucosinolates intact in the meal (56).

However, studies have shown that heat treatment does not



completely deactivate the enzyme, and hydrolysis of gluco-
sinolates may still occur (57,87). Alsoc, the enzyme may be
reintroduced by ingestion with other food, or by its
synthesis by bacteria in the intestinal tract c¢f the host
species (56,220). In addition, glucosinolates per se could
be toxic even though not accompanied inrthe diet by active

myrosinase (119,120,121).

The need to utilize rapeseed meal, agg~gg\particu1ar
its valuable protein component, arises frodé\\%%) the world
shortage of food and (b) the fact that raising domestic
animals for food represents an inefficient use of food
resources, as 1t takes about five pounds of cereal to
produce one -pound of animal meat (173). However, the
presence of glucosinolates 1in rapeseed meal hinders its
full wutilization for nutritional purposes. Also, the
thermal treatment used during industrial rapeseed defatting
is a protein denaturing process which results in a browning
of the meal; this reduces the meal's nutritional value (90)
and its acceptability as a food. In addition, the meal
contains high levels of indigestible fibers which originate
mainly from the seed hulls (25). Furthermore, the solu-
bitity of the meal protein in wafer is low; thus, it is
impractical to separate the protein from the carbohydrates

and fibers to produce protein isolates or concenirates



{1l16). A solution to this problem is to solubilize the

meal protein by enzymétic degradation, but this procedure
produces protein with Jless than optimum functiona]ityl
(191). : <

Rapeseed grows in as little as 100 frost-free days
(118). it can then be grown satisfactorily in countries,
such as Canada, that do not have suitable agricultural or
environmental conditions for growing other o0i1 seeds.
Canada is the world's largest producer (3.8 tonnes in 1979)
and exporter of the seed (11,12,28,116), and rapeseed’
crushing is one of Canada's fastest growing industries. At
present, most of the world's rapeseed meal production is
destined for animal feeds.

The amino acid score? and protein efficiency ratio -
weight gain per protein consumed - of rapeseed protein are
higher than most vegetable proteins, inﬁ]uding soybean

(60). Rapeseed thus appears to offer the best protein for

1 Protein functionality is defined as its water and fat
absorption, 0il emuisification, whippability, foam
stability, solubility, pH, color, visccity and gelation
characteristics (191). :

2 1s based on the assumption that the nutritive value is
that of its constituent amino acid. The score s
established by comparing the amino acid composition of a
protein to that of a standard.



supp?ementing human diets. Rapeseed protein 1is also
characterized by a relatively high content of lysine which
is the first limiting essential animo acid3 in cereals and
other vegetable proteins (i69,171). Furthermore, high
nutritional value and satisfactory functional properties of
rapeseed protein concentrates aré known .(63). These
properties all justify intensive examination of rapeseed's
passible use in human nutrition.

Piant breeders have succeeded in developing rapeseed
varieties called double-zero, which not only -havé a low
lTevel of glucosinolates in the seed, but al;o a low content
of erucic acid in the oil (11,28,203). This is advanta-
geous, since oils fed to animals containing high erﬁcic
acid levels have produced retarded growth and undesirable
physiological and -histopathological changes in the heart

(cardiac lesions) and in the skeletal muscles (88).

The first <double-zero cultivar was developed in
Canada and licensed in 1974 (29). This was a Brassica

napus species and the variety'was called "Tower" (29). The

<

L

3 Essen;ial amino acids are those whose absence could cause
some physiological abnormalities. Generally they cannot
be biologically synthesized inside the human body from
other amino acids.



name "canola"? was adopted in 1979 to apply in Canada to
all double-zero cultivars (29). Nutritional s£udies
carried out on Tower have produced various conclusions. It
was found that Tower meal may completely (39,843155,156,
185) or partially (4,40,71,109,111,134,155,156,204,211)
replace sbybeam in‘anima1 feed without any adverse effects
on the animals. However, other studies' have found that
Tower meal significantly reduced growth and feed conversion
efficiency as compared to soybean (3,92,108,141). Further-
more, replacing soybean with Tower meal in cow rations
resulted in an increased 'thiocyanate concentration in the
milk {108,110). Also, it was observed that weaning pigs
fed 10 to 20% Tower rapeseed in their diet developed hyper-
plasia and hypertrophy of follicullar epithelia (29,141).
These results indicate that the Tow glucosinolate rapeseed

varieties arg/gﬁﬁ yet suitable for human consumption (224).

N
AN

Other approaches to detdxifying rapeseed meal
utilized physical, c¢hemical, and biological hethods. The
purpose of these approaches has been to develop methods to
remove -glucosinolates from rapeseed meal and render it fit

for human consumption. Ideally, protein produced from a

4 since this Thesis deals in many parts with varieties
other than canola, the name rapeseed- will be wused
throughout. :



-

successful rapeseed detoxificiation ~method "should retain
its bielogical wvalue and fuﬁctiona1ity, and not be de-
natured' (more details on protein denaturation are in
Appendix 3). This method should 'also reduce the meaf‘s
indigestible fiber content, and the protein producéd ;hou1d
be free from objectionable colors which would limit its
potential uses (189). These condftions should be met.with-
out sacrificing the quality or yield of ‘the oil extracted:

from the seed.

The considerable number of previous investigations
aimed at detoxifying rapéseed failed %o Aéet some or all of
the conditions. stated apove., Indeed, the difficulties
encountered in attémpting to detoxify rapeseed meal hawe
led some experts to conclude that, in practice, 1t 1is

impossible to remove the glucosinolates and their aglucons

(170).

The investigation described in this Thesis was under-
taken to modify and improve existing rapeseed processing
technology. The 51@ was tc explore neWw techniques for
alleviating problems associated with the rapeseed industry
withou; significantly disturbing its traditions of maximum’

yield of good quality-oil. B



1.1 RESEARCH OBJECTIVES AND OUTLINE

The aim of this research investigation was the
Taboratory development of a procedure that could improve
the nutritional value of rapeseed meal by removing the

potentially toxic glucosinolates or their aglucons.

[t should be noted that because this development was
a laboratory study, the emphasis was on the evolution
rather than the economics of a potential industrial appli-

cation. However, whenever possible economic apsects were

Y
considered.

~

In carrying out this development, the following

points were considered: o ,/’235
(

1) Since the seed oil is the most valuable component, a
| maximum quantity of it should he extracted. Also,
’ thé sulfur content of the oil should be at a low
level. Thus it was decfiggd that in the prepiration
of the meal, the 0il wquld be extracted until its
residual amount in the me w#as within the industri-
ally acceptable renge of 0.5 to 2% (14). Since
aglucons are soluble in oil and hexane, while g1uco;

sinolates are not, the moisture content of ;he seed .

i’



(2)

to be defatted was kept below 8% to minimize the
formation of aglucons from the hydrolysis of the
glucosinolates (88). This would keep the suifur

level in the o0il below the industrially acceptable

Tevel of 10 ppm (14). It sh6u1d be noted that since
the research was a 1abgratory development, o1l was
extracted only by a solvent ({(hexane) and no pre-
pressing was .used. This alllsolvent defatting
proﬁedure is commonly used in laboratowry

investigations (70,74).

Denaturing of the protein in the detoxified meal
should be kept to a minimum. This aspect was con-
sidered not only because denaturation reduces the
quality of t;e protein, but also because it Timits

further processing of the protein to, for_examp1e,

produce protein isolates (75,116). A  proposed '
solution was to modify the o7l extraction condff?;:;ﬁ\\\w

}
by using lower temperatures (75). Thus it ‘was

decided, in the ensuing development, to delete the‘
thermal treatment of.the seed prior to extracting the

oil.

The color of the detoxified meal should not change

from its original yellow to dark colors. This s



<

because it would be difficult to incorporate such
dark colored meals into food {189). To achieve this,
aqueous treatment conditions that do not change the
meal's color were used. Also, the aqueously treated
meals were dried by freeze-drying.

The detoxified meal produced should hav; a low
content of indigestible fibers. Since these fibers
are mainly from the seed hulls, a dehulling step was
included in the preparation of the meal used in this
investigation. To prepare the seed for dehulling,
the seed was only cracked and not ground. Thus the
intact hulls could be separated.from the meat by air
classification. This method of preparation also
serves to keep the seed's tissue mostly unruptured,
preventing the contact between the glucosinolates and
the myrosinase. This would result in minimizing the
hydrolysis of the g]ucosinojates before the defatting
step, thus keeping the amount of sulfur in the
extracted oil at a low level. Also for the same
reason, the seed's moisture was kept below 8%.

2

The reaction between the ITC and the protein should
be kept at a minimum since the resulting products are

toxic.



The develpment of the research strategy should take
into account the fact that the aglucons produced from
the meal glucosinolates determine the toxic effect of
the meal. For example, the estimated toxicity (LDsg)
of the VOT’is 126 to 1415 mg/kg body weight, while
for the nitriles that could be formed ins;cead, it is
159 to 240 mg/kg body weight. Thus the strategy
followed was to inhibit or minimize the formation of

the nitriles.

To reduce the loss in meal components during detoxi-
fication by aqueous extraction, the meal was treated

at minimum solubility conditions. For the same

reason, the meal was not ground. In addition to

simplifying the preparatign procedure, non-graund

meal might be advantageous for some commercial uses.

To provide a means of monitoring the aglucons during
the development of the detoxification method, the
literature was searched for appropriate analytical

techniques.

The development research concentrated on the major

volatile ITC present in the meal, namely the BIT and

the PIT.



(9) A starting point for the“deveTopment research was the
study of the detoxification of the meal by -agueous
extraction. Conclusions reached were subsequently

used to plan the processing strategies.



CHAPTER 2

A REVIEﬂ OF DETOXIFICATION
HETHODS OF RAPESEED

Over the last two decades; the demand for vegetable -
0ils as food for humans has brought about a significant
rise 1in the'production of rapeseed. However, an incréase
in rapeseed o0il production has not led to an Tincrease 1in
0il alone. In every case, the major by-product is the meal
which is mainly composed of carbohydrates and protein. The
needﬁ“for these by-products (inparticular, their more
valuable protein content) to overcome the wor]d's‘“food

shortage has attracted the attention of scientists and

‘nutritionists to rapeseed.

There is, however, a major factor Timiting the use of
protein-rich rapeseed meal as food:. 'the presence of toxic
glucosinolates. For the past decade or so, a great number

of detoxification methods have been investigated. To gain
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insight into these methods, the properties of glucosino-
lates and their hydrolysates are explained in the following

a

section.

2.1 Glucosinolates and their Hydrolysis

Glucosinolates, eariier called thioglucosides, are
found in rapeseed as well as in all the species of its

family the Cruciferae. Alfhough distributed throughout the

plant, glucosinolates occur in highest concentration in the
mature seed (220). To date, there are about 90 identified
glucosinolates occurring naturally in piants (194).

The chemical formula of the glucosinolates is:
R-E/S-CSHHOS
NN-0-50,0"

A1l giucosinolates generally share tae basic skeieton
and differ only in the side chain.R- (67). The glucosino-
lates reported in the literature as being present in Tower
rapeseed are allyl-(178), 3-butenyl-* and 4-pentenyl-
(131,145,178), 2-phenylethyl- and 4-hydroxybenzyl-* (145),
3-indolylmethyl- and 4-hydroxy-3-indolylmethyl-* (178},
2-hydroxy-3-butenyl-* (131,145,178) and 2-hydroxy-4-

pentenyl- (145,178).

* Present in relatively large amounts.



A1l natural glucosinolates studied thus far are
associated with an enzyme that hydrolyzes them. According
to the rules of the International Union of Biochemistry,
this enzyme is calied thioglucoside glucohydrolase
E.C.3.2.3.1 (194,225). For simplicity itsTtrivial name,
myrosinase, ‘will be wused in this text. The myrosinase
enzyme 1is a glycoprotein wihich exists in multiple forms
called isoenzymes. These forms differ slightly in net
electrical charge, molecular weight, and carbohydrate
contentl (37,82). It was indicated that the myrosinase
could not completely hydrolyze glucosinolates from seeds

other tham its own (37,143).

In the presence of water in the c¢rushed seed or 1in
the meal, myrosinase acts on glucosinolates to hydroly:ze
the glucose residue (169,198). The sulfate part is also
lost from the molecule, and what remains (the wunstable
aglucon) undergoes intramolecular rearrangement. This
gives rise to the isothiocyanates (ITC) after Lossen-type
rearrangement, to thiocyanates and nitriles, as well as to
glucose, bisulfate, and sulfur (15,99,220). The formation
of gliucose and bisulfate, is quantitative and independent
of the conditicns. under which'the.hydroTysis occurs.(ZZO).
If the R-group of the ITC contains a beta-hydroxyl group

such as the 2-hydroxy-3-butenyl isothiocyanate, it



spontaneously rearranges itself and cyciizes to S-vinyl-2-
thio-oxazolidone -(VOT), commonly called goitrin (13,14).
The enzymatic hydroiysis of the glucesinolates is presented
in Figufe 2.1l.a and nitrile formation 1is ~detajled in
Appendix 18. It has been reported that the hydrolysis of
rapeseed glucosinolates does not give rise to organic
thiocyanates (44,67). This was also mentioned specifically
for the Brassica napus rapeseed (225), of which Tower

rapeseed is a member. However, the thiocyanate ion is a

product of the hydrolysis of the rapeseed glucosinolates
(67,126,145,199,220,225). McGregor (126} indicted that the
glucosinolates precursors of this ion form about 38% of the

total glucosinolates in Tower rapeseed.

It has been found that the precursors of the
thiocyanate ion are 3-indolyimethy] glucoﬁinoiates and its
N-methoxy-derivative (126,145,199). The ion is also formed
from 4-hydroxybenzyl glucosinolate (126,145). Chemical
equations detailing the pathways of the formation of thio-

cyanate ion are presented in Appendix 18.
2.2 'Factors Affecting the Hydrolysis of Glucosinolates

Hydrolysis conditions that affect the pathway of the

aglucon rearrangement, and which are of concern to this

=
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work, are water-to-seed (or meal) ratio, hydrolysis time,
temperafure, pH, and the preheating of the seed. These
conditions determine the type and‘quantif} of the hydrol-
ysis products. The only effect of the conditions discussed
is on the formation of the competing hydrolysis products,
namely the nitriles and the ITC. As the formation 6f 0ZT
in re]atioh to nitriles follows the same pattern as the ITC
(16,99), information on the 0ZT discussed here is therefore
vafid for ITC. This is because, as can be seen in Figure
2.é, the 0ZT 1is an isothiocyanate whose R-group has a
beta-hydroxyl group. This isothiocyanate Eyc]izes
spontaneously to form the 0ZT. Informatioﬁ on the effects
of the hydrolysis conditions on the formation of nitriles
and ITC is presented belqw. This information will be
referred to throughout this.Thesis.

1

a} Effect of Water-to-Meal (W/M)} Ratio

It was reported that the amount of vinyl-0ZT (VOT)
formed from the autolysis (hydrolysis with meal's endo-
genous myrosinase) of the progoitrin {common name of the
glucosinolate precursor of VOT) ?ncreases with the increase
in the W/M ratio (222,225). However, the rate of this
formation is reduced with the increase in the r;tio. For

example, VanEtten et al. (225) reported that for unheated



.-

Brassica napus rapeseed meal, an increase in W/M ratio from

about 7:1 to 40:1 increases the formation of VOT from about
2.5% to 20% of thg Vprogoitrin. However, doubling the
amount of the VOT fo;%ed from 20% to 40% of fhe progoitrin
requires an increase in the W/M ratio to 320:1. The auto-
Tysis was carried out at a pH in the range of 4.8 to 5.6,
and at 25 to 27°C. Also, the water was mixed with the meal
by spatula for a .few .minutes (Or. M.E. Daxenbichler,
persgnal communicatio}), and the mixture was allowed to
stand for 1 h without agitation before determining the
_hydrolysates. It is of interest to note that the continu-
oué agitation dﬁfing the autolysis step to Keep the meal
dispersed had no effect on the results (199). For this
{

reason, the effects of stirring were not investigated in

the work of this Thesis.

b) Effect of Time

The formation of the hydrolysis products was also
reported to 1ncreése with time (16,153,222). [t was found
,that when rapeseed meal, whose myrosinase was thermally
deactivated, was treated with a W/M +atio of 100:1 at 30°C
and pH7, and 1in the presence of an exogenous myrosinase,
the ITC and VOT reached their final levels in less than 60

min (16). Also, €ze rate of VOT formation is slower than



that of ITC (6). It was not known if this is due to a
slower release of 2-hydroxy-3-buteny]l jsothiocyanate; from
progoitrin than from the non-hydroxylated ohes, or due to
the time required for the cyclization of\tﬁe hydroxylated

isothiocyanates to form VOT (16).

From another work by VanEtten et al. (222), relating

the autolysis of glucosinolates of Crambe abyssinica meal

(in Cruciferae family, as rapeseed) to the formation of VOT

and nitriles, it was concluded that the autolysis rate is.
faster when the  hydrolysates formed are essentially
nitriles, than when the VOT constitutes a substantial

proportion of the hydrolysates.

c) Effect of Temperature

Appelgvist andidosefsson (16) investigated the effect
of temperature on the formation of ITC and VOT from the
hydrolysis of the glucosinolates of Matador rapeseed meal.
The hydrolysis conditions in their study were a W/M ratio
of 109:1, pPH7, and a hydrolysis time of 5 min. The meal's
endogenous myrosinase was thermally deactivated and re-
placed by 15 mg'of myroéinase prepared from white mustard

meaT.‘
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The results of the investigation‘fndicated that the
maximum amounts of ITC and VOT were formed at 70°C. This
maximum was considered 100% formation for each of ITC and
VOT. The magnitude of these maxima can be aﬁ%regiated when
compared with the amounts formed at 20°C, where only about
'15% ITC and 10% VOT were formed. Furthermore, at 80°C, the
amounts of ITC and VOT formed were 40 and 60%, respective-
ly. The decrease in the amount of ITC and VOT formed above
70°C was attributed by Appleqvist and Josefsson (16) to thg
reapid deactivation of the myrosinase at such tempertures.
This phenomenon was also reported by Bjorkman and Lonnerdal
{37) in their work on the properties of myrosinase.

—
-

Similar conditions were reported by VanEtten et al.
(220,222,225) 1in connection with the autolysis under the

same conditions as in (a) above, of the Cambe abyssinica

meal's glucos{nolates. They reported that at Foom tempera-
ture, VOT was not formed from the autolysis. However, its
\ﬁgrmation, in significant ‘aﬁggnts, started at 45°C and
réached a maximum at 68°C. The increase in the amount of
VOT formed was accompanied by a concomitant decrease in the
formation of the nitriles (222). This could be explained

by the presence of a compound calTed epithiospecifier

protein {(for details see Appendix 18) or other “compounds

-
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that direct thne hydrolysis of glucosinolates to form
nitriles being deactivated, since they are méat labile

(127,216).

It was 2also found that in the range of 4 to 65°C, 98Y%
of the meal glucosinolatés was hydrolyzed (222). However,
at 75°C, only 51% was hydrolyzed because of the thermal

deactivation of the myrosinase (222).

d) Effect of pH
In a study carried out by Paik et al. (153) on the

~ _
was found that a™dic conditions (pH4) favored the forma-

autolysis of théii%ucosinoTates of Tower rapeseed meal, it
tion of nitriles. For example, for a Tower meal which -they
denoted "A”? at pH4 the amount of nitriles formed was
1.54 mg/g meal while the amount of VOT was 0.45 mg/g meal.
However, _at  pH7 the nritriles formed were reduced to
1.34 mg/g meal and the VOT inéreased to 0.58 mg/q meal.
The conditions of autolysis for this work by Paik et‘aI.
were W/M ratio of 15:1, a time of 1 h, and a temperature of

37°C. Tne ‘meal was ground and-buffer solutions were used

to control the pH in the range of 4 to 7.

in studies by VanEtten et al. (220,222,225) on two

Crambe abyssinica meals, a similar tf@nd was observed., An

1

v

-



exception was that for one of the meals studied, the trend

was reversed in the pH range of 4 to 5.

Appleqvist and Joséfsson (16) stdﬁied the effect of
the pH range of 4 to 10 on the autolysis of the glucnsino-
lates of Matador rapeseed. The results indicate that in
this range, the amount of ITC and VOT formed increases
confinuous]y to a maximum at pH7. However, beyond pH7, the
amount of ITC and VOT formed decreases gradually. -No
information was given aon the formation of the nitriles.
However, it could be inferred from the work by Daxenbichler

et al. (51) on Crambe abyssinica, where the maximum amount

of VOT was also obtained at pH7, that at this pH the amount

of nitriles formed were minimum.

It is of interest to note that Daxenhichler et al.
(51) also mentioned that the glucosinolates were hydrolyzed
only to 5% at pHs 2.3 and 12 on standing for 24 h,. The
transformation of the gluccsinolates to carboxyTic acids in
the acidic medium, or to amino acids and/or other degra-
dation products in the alkaline medium (194), might be an

explanation for this result.



Effect of Preheating the Seed

———

It has been .observed that heating the seed or the
meal prior' to hydro]yzing- its gTucos%nolates favoers the
formation of ITC (16,59) and VOT (154,220,222,225) and
reduces the amount of nitriles formed (127). This couid be
dLe to the dest;uction of the ESP which directs the hydro-
lysis of glucosinolates to “férm nitriles (127,218). If
mild heatimg is used (dry heating for perioHs of a few
hours at 90-120°C}, the ﬁea]'s myrosinase is not complete1y
deétrd&ed <and could autolyze the gTucosino?ates. (57,220,

|
222, 225). - However, when heating 1is carried out' by

-

'immersing the seed or meal in boiling water, even for a few
minutes, its myrosinase is completely deactiviated (56).

To hydrolyze the glucosinolates of a seed or a meal treated

!

this way, the addition of exogenous myrosinases is needed

to substitute for the deactivated enzyme (16,153). -These

exogenous enzymes were prepared from other seeds such as

white mustard ‘(Sinapis alba) (16,99). An example .of the

effe¥t of this heat treatment was. seen in the work.of Paik
- et al. (153), wherg the autolysis of tﬁe glucosinolates of
Tower ‘rapeseed meal "A" yielded between 0.45 to 0.58 mg/g
meal of VOT and between 1.34 to 2.68 mg/g meal of nitriIes.L‘
Howé€ver, when the meal was autoclaved at -JJ10°C for 15 min,

N,
hydrolysis with an excgenous myrosinase pfoduced a higher

i
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amount of VOT of 1.66 mg/g meal (I53). At the same time,
the amount of nitriles formed was reduced to only 0.1 mg/g

meal (153). 3

s

2.3 Properties of Glutosinolates and the Hydrolysates

As shown in Figure 2.1.bl, isothiocyanates react with
amino and sulfydryl groups of the low molecular weight
basic-protein§ (isoe]eztric point is about pH 11) to form
substituted thioureas and dithiocarbamates by causing a
change in the physico-chemical properties ‘of ~he protein

-

(36,79).

The reaction proceeds as follows (112):

S
oo T
R-N=C=S + HpN-R  — 4  R-NH-C-NHR
(ITC) {Protein) : *{ITC - Protein)

The reaction products, which will be referred to as
Iig protein, are potentially harmful to humans and animals,
as they could cause a neoptastic effect and might be

carcinogenic (115). They may also. induce agranulocytosis

and thrombopenia in human blood,. Their single foxicity

1 Only the hydrolysates of interest to this part of the
Thesis are shown in this figure. |
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dose appears, however, to be low (76). Baséd on the work
of Edman (58) and Goksoyr (79), Appelgvist and Josefsson
(15), this reaction between ITC and rapeseed protein takes
place at pH above 5. However, an investigation by Bjérkman
(36) showed khat this reaction is not completely inhibited.

in an acidic medium.

Bjorkman {(36) also found that neither glucosinolates
nor VOT appear to react with protein. However, he found
that small but significant amounts of them were associated
with the high molecular weight protein in the void frac-
tfoq. These were independent of pH and contact time, and
probably resulted from non-specific absorption rather than

from chemical bonding (36).

.Glucosinolates are not oil soluble (105), but they
are easily dissolved in water, ethanol, methanol (123), and
acetone (1). However, they are more soluble in an aqueous
solution of these solvents than in the pure form (1,217).
ITC and VOT are soluble 1in ethyl ether and c%]oroform.
Steam-distillable ITC are oil and hexane soluble, while
norn-volatile ITC are less soluble in both liquids. 0ZT is
relatively water so?ub]g (14). ITC, 0ZT, and nitriles

dissolve readily in methylene chloride (235).



- 28 -

The toxicity of nitriles (formed from hydroxy butény?
glucosinolates) is higher than that of VOT (formed from the
same glucosinolates) (170,225). This can be seen by com-
paring their estimated LDgg for the former of 159-240 and
that for the latter of 1260-1415 mg/kg body weight (225).
ITC have a considerably 1lower goitrogenicity than 02T,
while the thiocyanates have an even weaker goitrogenicity
than ITC {(170). It has been reported that unhydrolyzed

giucosinolates do not seem to be toxic (13,29,167).

t

o+

The toxicity of the ni;ri1és is reduced upon drying
the meal at 50°C, presumably as a result of their polymeri-
zation (225), or possibly due te their 'volatilizatiaon

(31,43).

The other hydrolytic products {glucose and bisy1fate)
are not toxic and present no problem to animals. 'However,
glucose wundergoes the Maillard reaction with the meal
protein to produce dark‘co1ored melanoids (66,170), thus
reducing the nutritionai value and acceptability of the
meal. The formation of the melanoids (66,170) is shown in
Figure 2.1b and explained in detail in Appendix 4. The
reaction is favored by the presence of a moderate water

content and prolonged contact with it when: pH is greater

than the isoelectric pcint of the protein, at high tempera-

ture, and in concentrated solutions (66).



2.4 Methods of Detoxification

2.4.1 Enzyme Deactivation ‘

The justification of this approach is that gince the
glucosinolates do not seem to be toxic, a meal which has
had the enzyme (myrosinase) completely destroyéd should not
be toxic (14). In present commercial practices, a method
of thermal deactivation of myrosinase "is used fo obtain a’
meal which is free of hydrolysis products of the glucosino-
lates. The treatment temp;rature is usually in the range
of 80 to 90°C with a moisture content of 6 to 10% (l4,56$§
142).

[t was: found that this thermal treatment might not
be effective and that the enzyme could retain a }esiaua1
activity (57). However, higher temperatures are not a
desirable solution because they deteriorate the protein
quality by caus%ng extensive denaturation to it, thus
resulting in Tosses of the amino acids, especially the
basic ones (14,56,169).‘ Also, 1if the temperature used
exceeds 100°C, a chemical breakdown of glucosinolates may
occur, with the possible formation of oil-soluble sulfur-
containing products that csuld cause difficulty in the
hydrogenation of the oil (142). If the moisture content of

the seed 1is high and the temperature rise is slow, gluco-



sinolates might be hydrolyzed before the myrosinase is
deactivated (142). In feeding trials, it was found that
rapeseed meal containing intact g?ucosinq]ates whose
myrosinase was deactivated produced toxic symptoms in the
test animals (119,120,121).

The deactivation of the myrosinase by microwave
(65,132,133), or infra-red (65) heating of the rapeseed was
investigated. Results of these investigations indicate
that the treated seeds still caused goitrogenicity in the
test- animals (65,132). Furthermore, it was found that
microwave heat could also cause scorching of the meal and
give it a disagreeable odor (133). This is due to the high
intensity of the microwave heating and the difficulty in
controlling it. ™

Hare et al. (80) deactivated the enzyme by treating
the whole seed with at least .one of the following organic
acids: propionic, acetic, and butyric. This method was
claimed to be effective in improving the nutritional value
of the seed.

‘ - -

Gamma irradiation was found to deactivate the

myrosinase but did not destroy glucosinolates (113). It

was also found that irradiation could adversely affect the

seed's o0il .and animo acid content.



Although myrosinase deactivation (in wet or dry
medium) improved the nutritional quaiity of the meal, it
was found that the enzyme deactivation 1is incomplete and
its residual activity (57) could hydrolyze the glucosino-
lates. It was also found that the enzyme could be reintro-
duced by 1its ingestion with food or 1its synthesis by
bacteria in the intestinal tract of the host species, and
act on the intact glucosinolates (14,56,57,64,84,169,220,
225). Furthermore, high temperature treatment, especially

in the presence of water, denatures the protein and reduces

its solubility (75,87).

This treatment also causes a decrease in the content
of available lysine (90,91), as well as in protein solu-
bility (73). Moreover, although the hot water treatment
deactivates the myrosinase, it could produce some sulfur-
containing enzymatic degradation products. Some of these
products are oil- and hexane-soluble, and subsequently
contaminate the oil with sulfur during the defatting step,
while the remaining glucosinolates stay in the meai. This
sulfur in the oil could pcison the o0il hydrogenation
~catalysts (87,142). The thermal treétment could also
contaminate the 01l by seed components such as
phospho.ipids and chlorophyll (87). Thus the purification

and refining of the oil becomes difficult (87).



Srivastava and Hill (200) investigated the wet
~deactivation of Tower rapeseed by dipping the seed in
boiling water for 3 min. The seed was then dried at a
temperature below 50°C in a forced-air oven. They
confirmed that Tower meal is improved by heat treatment.
However, they concluded that the reason for its improvement
is not clearly known and suggested that heat labile com-

pounds influencing feed intake might be involved (200).

2.4.2 Removal or Destruction of Glucosinolates or their
Hydrolysates

a) Steam Stripping and Distillation

These methods are based on the removal of the vola-
tile  hydrolysates by distillation or steam stripping
(43,170,230). For example, the meai glucosinolates were
autclyzed and isothiocyanates were removed by disthIation
(14). In a study by Ballester et al. (26), steam was
directly passed through the rapeseed meal at a temperature
of 100°C and at a pressure of about 1.5 atm. for 3 h. They
also investigated heating the meal at 60°C.under the same
conditions of pressure and time. [t was found thnat
indirect steaming reduced the ITC content by almost 50% (of
its original level), but it only slightly decreased the VOT

level, In contrast, direct steaming considerably reduced
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the levels of beth ITC and 0QZT by labout 80 and 65%,
respectively. This reduction in ITC might have been partly
due to the reaction between the ITC and the meal protein
(15,36)' to form toxic <compounds (76,115). Aiso, the
autolysis of glucosinolates during steaming might have
resulted in the formation of the non-volatile nitriles in
lTieu of the VOT (225}. These nitriles are much more toxic

than the VOT (169,225).

When meal glucosinolates were catalytically hydro-
iyzed at temperatureé of 90 to 130°C, they yielded organic
nitriles rather thén the ITC or VOT formed by enzymatic
hydrolysis (31,43). The nitriles corresponding to the ITC
are wusually more volatile than the ITC, and these are
readily steam-strippéd from the meal. The hydroxy nitriles
corresponding to the 0ZT are only slightly more volatile by
steam distillation than the non-volatile 0ZT (31,57). The
bulk of +this material, which has a toxicity of about‘
8 times that of the VOT (225), remains 'in the meal,
resulting in an end product that is more toxic than the
orig{na1 material (57). It was observed in these méthods
that ;here was a gradual deterioration in the qua]iﬁy of
the meal protein as the time of steam-stripping was

extended (57,179,230).
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b) Treatment with Ammonia or Sodium Carbonate

Treatment with ammonia consists of injecting the
meal with anhydroué or aqueous ammonia up to -the maximum
absorption level (14,43,94). The excess ammonia is then
removed by steaming (43). This treatment destroys 50% of
the meal glucosinolates (14,68,94). However, there have
been palatability problems on feeding ammonia-treated meal

to cattle (14).

Treatment of the crushed seed or meal by cooking
with sodium carbonate wunder pressure also reduced the
amount of glucosinolates (14,30,180). However, the
reaction products formed remain to be determined (14). The
patatability of the meal treated by this method was better
than that of untreated or ammonia-treated meal. However,
¥ \was still not competely satisfactory (14,180). Further-
more, the cooking temperature resu]fed in a marked reduc-

tion in the 1ysiné, methionine and cystine content, and in

the digestibility of the protein (30,18C).

¢) Treatment with Sulfuric Acid

.
P

This method consists of iﬁﬂoxifying rapeseed by
heating it with 15% HpS04 at temperatures close to 100°C

for long periods of time (138,206). It was claimed that-
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glucosinolates, VOT, and ITC were destroyed by this treat-
ment”l(138;206). However, Zgainski "and Krurzewski (236y
found that the addition of HpS04 did not reduce the content
of the toxic components. Furthermore, the heating of
rapeseed under.the acigic cﬁndftions of this method could

cause protein denaturation and considerable” destrution of

the lysine (206).

d) Isolation and Concentration of . Rapeseed Protein

The successful production of soybean protein
isclates and concentrates directed attention .to the
possible application of those techniques to rapeseed.
Although the preparation of soya protein presents no

. . . os . s . c
serious technical d1ff1cu1t1e{?‘\ﬁ1s is not the case for

-

rapeseed (17).

Generally, there are four major steps in the
preparation of a rapeseed protein concentrate or isolate:
deactivatibn of the enzyme myrosinase, leaching for the
g]ucosino1étes, dehunhling, and o0il extraction. The order
of these stebs is irrelevant and some of them cou}d be

)
omitted in a given procedure (8).



{"

(i) Isolates

Soybean isolates are commonly prepared by extracting
the protein from the meal with water, alkali, sodium
chloride or polyphosphate, followed by precipitation with
or without heat at an acidic pH or by some other means
(8,17.70,117,213,214,215). However, rapeseed contains two
major protein groups (34,69,75,77,165); one is acidic and
the other 1is basic (34,69,77), as cpposed to one ‘majoﬁ
acidic group 1in soybean (186,187). The acidic protein
group of rapeseed 1is of a high molecular weight that
dissociates into subunits at acid pH values. The basic
group is of low molecular weight (34,69,77). The presence
of these two groups could explainm the reason why rapeseed
protein could not be easily extracted in satisfactory
quantities (189). Direct precipitation by acid of alkaline
rapeseed protein extracts, as in the soybean technoclogy,
generates a low yield of protein isolate (73,122,18%). For
example, a-low yield of rapeseed‘protein isolate (about 30%
of the original in the seed) was obtained from industriai
rapeseed\meaT by traditional soybean technology (;5). To
increase the yield of thé extraction of the rapeseed meal

protein, Kodagoda et al. (101) used a three-stage

" extraction at neutral, pH2, and pHIO. The protein that



remained in the solution could be precipitated with great
difficulty by trichlorcacetic acid (75). This difficulty
in precipitation is cue to the fact that rapeseed proteins,
in contrast to most other proteins, are relatively soluble
in 5% trichlorocacetic acid (122). However, El Nockrashy et
al. (63) increased the yield-of the isolated proteins to
over 90% of the meal protein, by precipitating the ex-
tracted proteins at pHs corresponding to the isoelectric

points of the two major gjroups that compose the extracted
~

protein.
Jther investigators have achieved high recoveries of
the extracted proteirs hy adding an anicnic polymer to the
extract prior to acidification (6,%3,74,122). Inositol
hexaphosphoric acid (phytic acid) has also been used, but
the yield was only 75% (73). Furthermore, the presence of
the phytates is likely to adversely affect the nufritiona]
value of the isolates by reducing the availability of
minerals for bioloyical needs (73,129,184). The addition
of these polymers and phytic acid increased the dry matter
content of the isolates; they also reduced the protein
solubility at moderate pHs, thus limiting the usage.of

these isolates (73,74,191).

Another approach involved the co-precipitation of

rapeseed protein and cheese whey using acid and heat
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treatment.. However, the co-precipitates had a poor
functional-property compared to that of soy protein
isolates (212). This could be attributed to proteﬁn

denaturation by the high temperature-{95°C) invo]v%i\21 the
(\preparation.
—
In other inVestigations, meal protein was extracted

‘with a2 saline solution followed either by dialysis for
thre¢ days and then freeze-drying (118), or by isoelectric
precipitation of the extract (75,160,161,162). 1In the work
o% Owen et al. (151,152) the precipitate was repeatedly
washed and the curd was theh spray-dried. After freeze;
drying, the products showed a considerably gr2ater ash
‘content, up to 33%, and a lower content of giucosinoléte
that did the starting meal (101). The precipitation method
resulted in a Toss of about 60% of the extracted protein,
and its protein isolate yield was only 18% of the total

protein in the meal (151,152).

Eklund et al.‘{2,59,61) extracted rapeseed with a
salino-alcoholic solution followed by centrifugation at low
- 'temperatures. The precipitate, which containéd between
36-41% of the original protein, was actually a lipoprotein
concentrate consisting of 48% protein and 31% fat. About

50% of the initial seed nitrogen and about 30% of the seed



0il were lost to the agqueous ethanol phase obtained after
centrifugation of the extract.; The o1l extracted from the
seed residue, and that sepanat;d from the agueous extracts,
were contaminated with sulfur at the high levels of 200 and
580 ppm, respec;ive]y (acceptable level is below 10 ppm
(14)]. Feeding tests with rats showed th;t these lipo-

protein concentrates had some toxic efﬁgcts, such as the

enlargement of the thyroid gland and liver (62).

Rabeseed protein isolates usually have an‘bbjection-
able dark color (13,191). Thus, some procedures ihc1udé a
color-removal step. This could be accomplished by treating
the isolates with organic solvents (63,213,214), hydrogen
peroxide (96), thiosulfate (214) and sulfite salts or
sui%ur dioxide (87). However, the organié‘solvents used
are flammable and require special handling and expensive
equipment. Hydrogen perioxide causes a significdnt loss in
Sulfur confaining amino acids (7). The sulfites are not
suitable for the production of food preparations because
they are toxic, and fhey adversely affect the organoleptic

properties of the isolate (160,162).

(ii} Concentrates

In analogy to soybean technology, the rapeseed

protein concentrate may be defined as the product prepared



from high-quality clean seed by removing most of the hull,

@2
0il, and water-soluble non-protein components (8).

In Sweden, a pilot-plant has been in operation since
1972 using a ﬁrocess developed by A.B. Karlshamns
Oljefabriker and Alfa-Laval AB to produce a rapeseed
protein concentrate (8,9)}. A flow sheet (obtained from
S.-E. Kroon of Alpha-lLaval AB) outlining this process is
shown in Figure 2.2. In Canada, the Food Research
Institute of Agriculture Canada devised a similar method
(17,56,57,207). Northern ATberfa Rapeseed Processors Co-0p
(Sexsmith, Alberta) planned to exploit the' Swedish method
with an output of 5 000 t/yr of concentrates containing 65%
protein (86). For economic reasons, however, this plan did

not proceed.

S

The Swedish procedure (8,9) consists of cracking'the
seed to locsen the hull, followed by a sieve classification
into different sizes to facilitate the separation of the
hull and meat. Tne myrosindse 1is then deactivated by
dipping the meat in boiling water for 3 to 10 min. Then,
the élucosinolates are rem%ved. by counter-current water
leaching. The Tleached meéat is dried and then the oif is
extfacted from it. The final sfep in the preparation is to

mill the remaining meal into a flour with an o0il content of
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. 1-3%. The product is called rapeseed protein- cqncentrate
(RPC). The leach water from the process is not sewg,eq\but
rather evaporated; the remaining solids are then ﬁﬁde& to
the hulls and fines. The mixture is called feed m;&Lﬁ,jThe
yield of fractions and the glucosinolate content of the
products of this process are shown in Table 2.1.
Information 1in this table- is extracted from the work of
Anjou and Ohlson (10) which was carried out on a rageseed

‘containing 4% glucosinolates.

TABLE 2.1

Yield and GlTucosinolate Content of Different Fractions of
the Swedish Method

GLUCOSINOLATE
YIELD  CONTENT
" FRACTION. 3 p
RPC | 25 0.93
0i1 37 ' 0.00 .
Feed Mea) - 38 6.00

e) Aqueous Extraction
Ballaster et al. (25,26,27) attempted, by extraction

with water, to detoxify rapeseed meal that was not thermally

C
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“
treated to deéctivate,its myrosinase. They found that the
extracted 'meal contained-~0.02% VOT and no detectab]grlTC.
However, they observea that rats fed this treated meal
suffered thyroid gland abnorma]gty. , They suggested that
Qther toxic compgund(g)'may have been present in.rapeseed

meal which was/were not extracted.

Attempts have been made to reméve glucosinolates
from whole or ground rapeseed aftef the deactivation of the
myrosinase by boiling water. Eapen et al. (56,57) and Tape
et al. (207) claimed they had achieved complete removal of
glucosinolates from rapeseed méa]s with water extraction.
This process, however, resulted in up to 40% loss in the
meal protein. Diosady et al. (55) in their }nvestigation
to detoxify rapeseed meals with water leaching, wused
ultraiiltration to recover the protein from the extracted

water, The loss in the meal protéfn was thus reduced to as

Tow as 1.3%

f) Diffusion Extraction

p\

To overcome the 1losses reported above in Tape's _

method, Sosulski et al. (193) investigated the method of
diffus’on extraction of glucosinolates from intact {whole)
o

rapeseed. The diffusion extraction method is based on the

principle that low molecular weight glucosinolates will



diffuse through seed membranes which retain large

"molecules, such as proteins and oils (35,193).

Boeiling the seed before diffusion extraction (105)
or using ethanolic sodium hydroxide (35) orthot alkaline
solution (106) were effective in controlling the myrosinase
activity and maintained the sulfur content at less than
10 ppm. It was also found that dehu]]ing the seed before
the diffusién extraction allowed the use of i short extrac-

tion time and a low so]&ght-to-seed ratioc {106).

In the -diffusion extraction method, the Tgss of
extracted solids was about 15% and the Joss of nitrogen was
less than 10%, most ‘of which was non-protein nitrogen
(35). However, results of feeding tests carried out on
rats indicate that meals treated by fhis method have poor
nutritional value (184). -

e

g) Solvent Extraction

It has been shown- that glucosinolates could be
extracted from rapeseed and crambe seed meals with organic
solvents. The preparation of the rapeseed_used in most of

»>these iqvestigations includes the deactivation of myro-
sinase with boiling water (1). The important §01vents

studied are aqueous solutions of methanol (33,104,222),
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ethanol (33,104,138,228), propanol (33}, isopropanol (33,
87,224) isobutanol (33), and acetone (64,92,99,217). It
was found that aqueous acetone 1is the most effective

solvent for the removal of glucosinolates from - rapeseed

meal or meat (1,15).

Diosady et al. ({(54) found that the addition of
ammonia to ]pwel_aliphatic alkanols improved their effi-
6iency in the removal of g1uco§inolates;’from rapeseed
meals. Also, the efficfency of removal inéﬁ?ﬁsed with the-
increase in the water content of the ammoﬂﬁacal alkanols
and with the decrease in the number of carbon atoms (i.e.,
with an increase in solvent pclarity, thus methanol is the
most effective). An example of the improvement is that for
a 1aboratory-brepared meal, = 10% ammonia in methanol
containing 5% water removed glucosinolates to 4trace

levels. In" the absence of ammonia, only 56% of the

glucosinolates was removed.

\

Diosady et al. {53) and Naczk et\gl. (137) investi-
gated the énhydrous ammonia-methanol as oa polar phase in
the two-phase solvent extraction system for glucosinolates
removal from rapeseed, while Rubin et al. (168) added water
to the polar phase mentioned above. In these three

investigations the non-po]ar phase of the extraction

systems was hexane. Results of these investigations
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indicate that the two-phase solvent extraction system is

. \“)

efféective in reducing the glucosinolates content of the
meal produced. The functional properties of these meals’
indicate that they could be used as binders and extenders

for meat (136).

h} Miscellaneous Methods

/

The treatment of rapeseed with hydrgﬁen peroxide was
investigated as a detoxification method (7). The treatment
was found to be effective inrréducing'the glucosinoclate
cantent. However, the broduction of oxidized sulfur
containing amino acids, in particular methionine sulfone,
considerbly reduced the nutritional value of the protein

(7).

Nakaya (139) investigated the destruction of tae
toxic VOT pres;nt in rapeseed meal by gamma irradiation.
The treatment "succeeded in reducing the level of VOT and
also resulted in a loss of the available lysine in the
meal. The extent of these changes was simi1ar to thai of

“rapeseed meal which had been autoclaved.

L
The detoxification of rapeseed by fermentation w{§4\3
P N

aiso investigated (43,163,201,202). This method resulted
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. i
in a reduction 1in _the VOT and improvement in the protein
quq}ty anq guantity of the meal. However, the process is

time Ebgsuming with the fermentation step requiring about

50 h (201). N
7

The use of activated carbon to det&&ify rapeseed
isolates by removing the glucosinolates hydro]ysates\w@s

\
studied {234). However, the method was not satisfactory in

removing nitriles (234).+ The ITC might alsc have reacted
with the meal protein2 (15,36,234), thus giving a pseudo-

-

detoxification.

2.5 ' Discussion

[t is clear that existing detoxification methods do
not completely remove the toxic compounds from the meé1;
they are not adaptable to commercial practice; and they
have not solved the problems of excessive protein loss and

reduced qua]it}.

.

2 In a letter addressed to the author, Dr. S. Nakai,
<+ co-developer of the activated carbon method, agreed on
the possibility of this reaction. A copy of this letter
is presented in Appendix 16.
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+ To overcome protein losses, it was necessary to
study the solubility of Tower rapeseed protein as a
function of temperature and pH, in orde; to determine both
the intended minimum solubility points and the conditions
that do not drastically change the meal's color. The data
obtained were used to indicate the meal detoxification-

conditions that would reduce the protein losses and avoid

.drastic changes in the meal's color. Also, in all stages

of the investigation, conditions that could cause a

deterioration in the quality of the protein were avoigég.

- The author doubted the accuracy of the reported
residual toxicities. This doubt arose from two facts that
have been overlooked: 1}\the reaction between the ITC and
protein would give a low value for ITC content, 2) the
aglucon determin;tion methods used to evaluate the detoxi-
fication procedures might not be sufficiently accurate.
For exémpié, some analysis methods are based oﬁ a deactiva-
tion of the rapeseed and a replacement with mustard seed
myrosinase. This approach does not take into account the
fact that rapeseed g1ucosind1ates could only be completely
hydrolyzed to their ag]ucoﬁs by. their native myrosinases
(37,145). Thus, these methods might ‘Qnderestimate the

amount of aglucons present (145). A case in point is the

method for .producing a rapeseed protein concentrate
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developed by Alfa-Laval AB and AB Karlshamns 0]jefab§iker~
(8,9,10), which has a potential for  industrial
app]icafionM‘ However, it is important to note that this
method ({(results of which are presented in Table 2.{) is
deficient in the balance of the glucosinolates. When
takipg a material balance around the glucosinolates, in

100 kg seed, the following could be found:

Glucosinolates in the seed = 4,00 kg
GTucosi&o]aﬁes in the feed meal = 38 x 6 = 2.28 kg
100 _ N
Glucosinolates in RPC = 25 x0.03= 0
100
Glucosinolates in the oil = 0
Total glucosinolates in the products = 2.28 kg

Oifference in glucosinolates balance = 4.00-2.28 = 1.72 kg
{N.B. The extracts containing glucosinolates and meal

components are not sewered but”rather dried to form the
feed meal).

//
This difference of 1.72 kg, which represents about
43% of the initial glucosinolates in the meal, is not
accounted for. This discrepancy provides a strong incen-
tive for studying‘the methods of analysis of glucosinolates

and developing a more accurate one. This .study 'of the

methods of analysis is discussed in Chapter 3.



CHAPTER 3
METHODS FOR DETERMINING GLUCOSINOLATES

Rapeseed breeding, detoxification, and the use of
rapeseed as food necessitated the search for a rapid and
sensitive method for determining the amounts of glucosino-
. lates and théir hydrolysates present in the seed or its
products. Figures 2.1 (a and b) show the hydralysis of the

glucosinolates by the actign of the enzyme myrosinase.

Since gTucosinoTaﬁes are not of the same type in all
species and since the resultant hydrolysates differ with
vreatment condition, numerous methods of glucosinolate
analysis have been devised. A modification for a widely

uisixfft?Od, carried out by the author, is presented in
/'
this chapter.
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Methods of analysis of glucosinolates can be divided

into the three groups shown in the following diagram:

'Glucosino1ates ‘
GROUP 1
(Direct Methods)

*Hydrolysis

l Indirect Methods
Glucose '
and . Aglucons
Bisulfate
GROUP . GROUP
2 3

Typical procedures of these methods are described in
the following sections.
3.1 Direct Determiniation
3.1.1 Trimethylsilyl Derivative (TMS)

In this method, the myrosinase of the defatted seed

is thermally deactivated. The seed glucosinolates are then
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extracted with water containing singirin as an internal ¢

standard. - The extract. is then eluted on a DEAE-sephadex -

A-25. The eluted glucosinolates are converted to their
corresponding trimethylsilyl derivatives (TMS) by reacting
with methylsilylhexafluorobutyramide {MSHFBA). These

derivatives are then measured by gas liquid chromatography

(GLC) (158,208,209,210). The method is useful for a low

glucosinolate content of less than 6 mg/g defatted meal.

L L

The_iqgoly] glucosinolates cannot be determined_by
the TMS procedure described above. However, the désu1fa-
fion of the‘ extracted glucosinolates, followed %y the
derivatization of the Formgp'de5u1fog1ucosin01ates, allows

’

r ‘- _&R
the determination of the indolyl glucosinolates by the GLC

(8l). The ‘desulfation step is usually c¢arried out on the

DEAE-sephadex A-25 column by arylsulfatase (Sigme, H-1)

(81,190)-. _ N

Olsen et al. (145) mentioned.that a possible source

of error in this method is that the glucosinoglates are.

hydrolyzed during their preparation procedure. Further-

more, the indolyl glucosinolates- (such as 3-indolylmethyl |

glucosinélates and 4-hydroxybenzyl glucosinolates) could be

absorbed on the columns used, resulting in . their elut&gn

being delayed (145). Also, due to'the'instabi]ity of the

-

% !



indolyl glucosinolates, the accuracy of their determination

by this method is in doubt (48).

3.1.2 Desulfoglucosinolate Derivative (175,177,178)

The desulfated glucosinolates are prepared as
mentioned above. However, the main difference is that in
this procedure, desulfoglucosinolates are not derivatized

) :

to” form their corresponding TMS compounds but, rather,

“remain in a hydrophilic state. The desulfoglucosinolates

. formed areiédetermined by high pressure liquid chromato-

”

graphy. It seems that the major advantage of this proce-
dure is that both indolyl and non-indolyl glucoesinolates
can be directiy compared on one cHromatogram. However, as’
in the TMS method, there is uncertainty about ‘the quanti-
tation of the-indoly]nghéosinolates (178). Although this

procedure is more time consuming and complicated than the

L

I3

3.1.3 Sulfur Balance (119) 4

»

TE?’method, it has a lower variability (38).

According to this method, the total amount of sulfur
in the seed comes from the glucosinolates and amino acids
containing sulfur, such as cystine and methionine. There-

forq, by determining the total sulfur content of the seed
1 .

-

A
S
+ -
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o

and that of the amino acids, the glucosinolate content is

obtained from the following formula: f

% Glucosinolates =

(S total =S amino acid) X (M. wt. glucesinolate) .
Z x100

2 (Atomic wt. of sulfur) X (Sample weight)

e

//ﬁ\\\“f

Another procedur§ is bas;gﬁzﬁ the same approach in

-4 .
FNQich the enzyme is éﬁéctivated in boiling water and then

the glucosinolates are extracted by hot waters From the
weigﬁt_of the meal before and after extraction; and the
total sulfur values; the weight of the éu]fur extracted Sy
hot water can be calculated and substituted 1into the

fo?]owing equation:

L4

% Blucosinolates =

(Wt. of extracted sulfur)(M. wt. glucosinolates)
x100

2 (Atomic weight of sulfur) (Sample weight)

v

This approach requires a knowledge of the molecular weight
of the glucosinolates, thus necessitating the determinatiogn
of their quantity and type. 1 is obvious that if these

are unkrown, the method i§\ of no use. Further dis-
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advantagés are that, it is time consdming, requires a
knowledge of. the nuﬁber of ‘sulfur atoms per mole of
g]Ucogino1ates; and the need for Tlarge samples. Futfher-
more, the presence of suﬁfur compounds other than amino

aci%s or glucosinolates, is a socurce of error.

Another approach is that of using X-ray fluorecence
to determine the sulfur confent of rapeseed (181). Then
the glucosinolate content is determined from its correla-
tion with the sulfur. The method based on this approach is
fast and requires only small samples. However, estab]ish-'k
ing the correlation requires the use of rapeseed with known
glucosinolate content, and the detection 1limit of the
glucosinolates is relatively hiéh at about 0.9 mg/g meal
(181).‘ In addition, the method does not identify the type

of glucosinolates present in the seed.
]

Fd

3.1.4 Silver Complexing (119)
e

This method is based on the reaction of silver with
g]uéosino]ates in an excess solution of AgNO3. The
unreacted Ag+ s then determined volumetrically by _the
Volhard method. The mea; enzymes are thermally deactivated

before extracting the .glucosinolates with hot water. The



determination could become difficult if color bodies are

present. In addition, the stability of glucosinclates {n
boiling water is not known and may differ according to the
Eype of '‘glucosinolate. The presence of iater-soluble
squuf compouhds, other than glucosinolates, that could
react with Ag+ is also a scurce of error.

<t

3.2 Indirect Determination in Terms of Sulfate Ion and
Glucose )

The common principle of this group of meth’odrks_\r is

that glucose and finorganic sulfates, result from all known
v
glucosindlate hydrolysis reaction§ﬁ:

4

3.2.1 Su1fate Ion

Glucosinolates are hydrolyzed, then <the meal is
filtered and washed several times to extract the sulfate
ion which is determined gravimetrically as. barium sulfate.
Coprecipitation of carbonaie or pcotein matter could give a
high glucosinolate content (98,125) . In addition, thgs

method cannot be used in studjes wheﬁg the treatment of the

meal is done by HpS0y or its salts.



3.2.2 Glucose

Glucose is determined colorimetrically after speci-
fic enzymatic oxidations with readily available reagents
containing a glucose oxidase, a peroxidase, and a chromogen
(128,230,188,176). The method 1is subject to error, how-
ever, because Bf the presence of- colored materials and

interfering substances.

Glucosinolate determination b; glucose analysis
couldc_give erroneous results because of the paossidbie
presence of g]uéose in the meal, other than.that resulting
from the hydrolysis of the gTucosinolates (125). VanEtten
et al. (221) alleviated this problem by purifying the
g]ucosinﬁ]ates prior to hydrolysis on an anioqfﬁpxchaﬁge

T

resin. QQ; accuracy of the determination in their proce-

dure was 9..8%t7.3% and the coefficient of variation was

4.601- v

Another approach for the deteﬁﬁipation of hydroiyzed
glucose is to form glucose trimethylsilyl ethers (TMS) and

then measure these ethers with GLC {147).



3.3 Indirect Determination in Terms of Aglucons

In this section, the determination of the organic
thiocyanates will not be discussed since they are not
formed from the hydrolysis of the glucosinolates present in
rapeseed. . ™~

As for the thiocyanate ions which could be formed
during hyd?§$ysjs of the glucosinolates in Tower rapeseed,
one method for deferﬁining them, is by measuring the optical
deﬁsity of thgir red compliex compounds formed with ferric
nitrate in the presence of‘nitric acid (126). However, as
the thiocyanate ipn was not of concern in this study, it

was not addressed further. ¢

~‘ ~h,
3.3.1 Reduction of Iodine by Azide Ion {for 0Z7. and ITC)

This method is based on the catalyzing’ effect of 0Z7
and substituted thioureas, %ormed by the reaction of ITC
with ethanolic methylamine, on the redugtion -of iodine by
azide ion. The iodine consumed _is proportional to the

amount of O0ZT and ITC. The idodine 1in this method is

. titrated by sodium arsenite (107,205).
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3.3.2 Argentimetric Method (for ITC) (§31)

In this method, the'g1ucosino1ates are hydrolyzed,
and the formed ITC are separated from the meal b; steam
distillation. The ITC are then reacted with ammonia, form-
ing a substituteq thiourea which is subsequently decohposed
in an excess ammoniacal silver nitrate with the formation
of insoluble silver sulfide and monosubstituted carbodi-

imide. The unreacted silver is measured voTumetriéa]ly by

the Volhard method.

ALY

3.3.3 Infra-Red Method (for Nitriles) (51)

In this method, the nitri?eé present in the meal are
extracted with ether or methylene chloride. The extract is
dried over NaySOg, filtered, and carefully evaporated to
dryness. The_residue is then dissolved in spectro quality
chloroform. The net absorption from the <compound is
obtained by subtracting the minimum absorption near 4.5 um.
from peak absorption which occur;; at this wave length.
From this result, and by knowing the specific absorptivity,
the amount of nitriles could be estimated. However, the
method is subject to error if other (=N group-contaiping .
compounds are present (51). Another source of error is the
loss of the wvolatile  nitrile compounds during the

evaporating step.



In the present investigation, this method was tested

and details are in Appendix 19.

. . L
3.3.4 Ultra-Violet Method (for 0ZT and ITC) (16,233,235)

4

’ M
This method is based on the specific ultra-violet

(UV) absorbance of the substituted thioureas and 0ZT, the
first of which is formed by reacting {soihioéyanates with
ammonia in ethyl alcohol.

The‘enzyme_myrosinase of the meals to be tested is
deactivated by dry heating overnigﬁt at 110°C, or by
heating for a short period of time in a phosphate-citrate
buffer solution (pH 7.0). The treated meal 1is then
incubated with an exogenous enzyme prepared from'white or

yellow mustard seed to hydrolyze the seed glucosinolates.

The meal-aqueous emulsion is then broken by centri-
fugation and the aqueous solution is separated. 0zZT g;%’§i>
ITC could be extracted from this agueous solution by a non-
polar organic solvent such as methylene c#o1oride, and then
determined spectrophofometrica]]y (16,233,235). Another
approach fs to separate the vo]éti]e ITC from the aqueous
solution by steam distillation or selective solvent extrac-

tions (232). Both 0ZT and ITC are then individually



measured. Also,. methylene chloride could be added to the
seed-aquegus soTutién_ mixture at thé ‘Beginning of the
hydrolysis to extract ITC and 0ZT as they are formed
(233,235).

The UV method is simple and fast (70). However,
~Mullin (135) found that ITC could react with the ethy!
aicohol used forming thiocarbamates, which might cause an
error in the determination. Also, traces of protein in the
- solvent extract could interfere w}th the measurements
(50). Furthermore, it was mentioned that the methrod pro-
duced erroneous results for seeds that contain low levels

of glucosinolates (38).

The UV method of Wetter and Youngs (233), which was
the industry standard for several years, was tried in this
investigation, but it was not suitable. Details are
presented in Appendix 8. 5

J

3.3.5 Chromatographic Methods {for all Aglucons)

Gas Tliquid chromatog}aphy (GLC) has been used for
the determination of toxic hydrolysates (aglucons). The
high sensitivity of the flame ijonization detectors (FID)
makeﬁ GEC analysis a suitable method for the quantitative

microdetermination of these aglucons (235).



An example of this method for the determination of
ITC is that of Youngs and Wetter (235). In this method,
the meal's endogenous myrosinase is deactivated thermally,
Then the -seed glucosinolates are hydrolyzed by a prepared
exogencus enzyme. AsS previously mentioned, this treatment
is meaqt to prevent the\formation 0f nitriles. The re-
-leased I C,\’as the résh1t of the hydrolysis by the ex-
ogenous enzjhé, is extracted from the meal slurry by a
" methylene chloride solution containing buty? isothiocy-
anates as an internal standard. A minute amount of the
extract is injected into- the column of the gas
chromatograph (GC}.

The column used in the work of Youngs and Wetter
(235) was of stainless steel and had an inside diameter of
4.5 mm. The column was packed with 20% FFAP on 60/80 mesh

-

Anakrom ABS.

Daxenbichler et al. (49,50) have developed a ﬁfoce-
dure for the defermination of aglucons, 0ZT and nitriles.
In their procedure, these aglucons are extracted from meal
slurries by methylene chloride. The extract solvent s
then reduced in volume, and a known amount of methyl paimi-
tate, as an internal standard, is added to it. A small

portion of this solvent containing methy]l pa1mitate‘is



g
injected into la temperature programmed GC. ngj glass
columns were.connected to the GC and results obtained on a
column were checked or complemented on the other column.
The first column was packed with 1% EGSS-X on 100/120 mesh
Gas-Chrom Q. The packing of the Second column was com-
prised of 3% Apiezon L on 80/100 mesh Gas-Chrom Q. The
stationary phases (EGSS-X and Apiezon L) uséd were suffi-
ciently different in pclarity to provide adequate differ-
ences in elution times, as a means for component identifi-
cation wﬁen compared with standard mixtures (225).
»
This procedure is time consuming; it takes about‘
90 min to complete an injection before the GC starts to
cool down (49). The use of high pressure liquid chromato-
graphy (HPLL) overcomés this  problem and reduces the time

needed to about 5 min. However, it only determines the ITC

\'_-'-
\

and 0ZT (131,135) and does not determine the nitriles (70).

3.3.6 Modification of the Analytical Procedure for ITC
(166)
A method for the determination of ITC in the meal
was needed for the investigation reported in ibis Thesis.

Preliminary examindtions of the methods of'ana]ysis dis-

.
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cussed above in this Chapter indicated that the UV and the
GLC methods might be suitéb]e. In the final analysis, the
Youngs and Wetter "GLC method (235) (called here Younés‘
method) was chosen over the UV method. The reason for this

choice is detailed in Appendix 8.

This GLC method provides an indirectl determination
of theig]qgosinolates.l As mentioned in Chapter 3.3.5, this
6ethod includes a thermal .deactivation sfep for the
endogenous enzyme myrosinase (235). This 1is done by
heating the meal at 100°C for 15 min with a pﬂ? buffer

solution, or at 110°C in a forced air oven for 16 h. It

was mentioned that the heat treatment would ensure the ]

hydrolysis of:th%,seed glucosinolates quantitatively to ITC
(16,99) and OéT (153,220,222,225). However, it is felt
that this heat tregtment could also cause the aglucons
present in the méa] (due to the planned seed treatment) to
react with meal protein (15), to volatilize (154), and sto
polymerize (225). In addition, the meal myrosinase is
specific to its native glucosino]étes (37); therefore, its
inactivation and replacement by an exogenous enzyme could
result in an incomplete hydrolysis of the glucosinolates
1 Since each molecule of the glucosinolates, u{aer the

appropriate conditions, is hydrolyzed to one molecule of

isothiocyanate, the glucosinolate content can be indi-
rectly determined as their ITC.

™~

'
|
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(143,198). This could result in an undefestimation of the
amount of aglucon present in the seed (144,198). It can be
concluded that, although this thermal enzyme deactivation
preveqts the formation of nitriles, it could be a source of

error.,

/_,"“—._

‘ATso, the incubation of the meal with the mustard
enzyme at such 2 low W/M ratio of 5:1, could cause thé
formation of a substantial amount gf nitriles (23,222,225).
It is also thought that the addition of the hydrolyzing
solution before the extracting solvent (methylene chloride)
would allow the formed ITC to react with the meal protein.

Before using Youngs' method i;‘this anestigation,
it was decided to alleviate these‘ possibTé sources of
error. To facilitate the discussion, the work carried out
'to modify Youngs' method is summarized in Tables 3.1.a and
3.1.b.  The former i1lustrates the hydrolysis of the
glucosinolates at pH 4.5‘énd the Tatter in the pH range of
6 to 7. It should be noi:ed that at pH7 the formation of
ITC is maximum, but beyond this pH it declines (16). In
2al1l the experiments presented in these tables, the meal
glucosinolates were hydrolyzed for 2 h at 23°C. <Youngs and
Wetter (235) and Schwimmer (182) indicated thét after a
hydrolysis time of 1% h, no change in the amount of

+
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“aglucons formed was observed. Thus, as . Jdn Youngs and
Wetter (235), a 2 h hydrolysis time was used in this
~-w0rkt
S In the géwperﬁhents carried out fol1ow3pg Youngs'
method, an exogenous my?osinase was used to h{iro]yze the
meals's ‘glucosinolates. This enzyme was prEpared from

yellow mustard (Sinapis alba) and furnished by Dr. J. Jones

oﬁﬂﬁgricu1taée\giiisi;\

kY

\'\x
TABLE 3.1 DETERMINATION OF ITC
(a) pH 4.5 <

N\ BIT PIT ITC2 S.D.

~  mg/g meald mg/g weald mg/g meald mg/g meald
Following Youngs' method ~ 0.02 "0 0.02 - 0.0036(3)
JM@P (A3) 0.20 0.02 0.22 0.0042(4)
VMAR (A5) 0.25 0.02 =~ 0.27 0.0053(3)
MAP (A5) __ . 0.32 0.01 . ~0.33 0.0048(6)

MAP: Modification of the Analysis Procedure

A : Hydrolysis at pH 4.5
¢

Number beside A is W/M ratio
In MAP : Methylene chloride is added to méag, then the water.

In VMAP: Water )5 added to the meai, foliowed.by'méthy]ene chloride.

L]
-

L 4
2 ITC: = BIT + PIT )
3 Al1l through the Thesis results are _reported on dry basis, unless
otherwise mentioned. . . é@

[

=

$
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: TABLE 3.1 DETERMINATION OF ITC
X N\\\_,//;;7J\
, | (byppe6-7 '
BIT PIT _  ITC2 S.0.
' mg/g eald mg/g mea13_ mg/q meald mg/g meal 3
o ) | ’
Following Youngs' method L0431 0w 031 . 0.0827(3)
MAP (N5) - 0.40 0.01 0.41 0.0085(3)
MAP {N10) . © . 0.49 0.01 0.50 | 0.0059(5)
-MAP-(N150)‘f;jE- o te0 012 152 0.0682(3)
Variationf?ﬁ;MAP {N1507 ’ ; 1.17 0 1.17 ., 0.0120(3)

-~

MAP: Modification of the Analysis Procedure
o

N ¢ Hydrolysis at pH 6 to 7
41

Number beside N is W/M ratio
In MAP : Methylene chloride is added to meal, then the water.

In VMAP: Water is added to the meal followed by methylene chloride.

)
A

2 ITC: = BIT + RIT

-
3 A11 through the Thesis it is on dry basis, unless otherwise mentioned.

-
-



In examining the tabulated results, it wa§’%ssentia1
to establish a criterionrfor judging them. Thus, examina-
tion of Figure 2.l1.a and subsequent discussions show.that
the ag1jgons of interest, yielded by the enzymatic hydrol-
ysié of the rapeseed m;al g]ucos{noTatgs, are the nitriles
and the isothiocyanates (0ZT are cyclized isolthiocya-
nates). h]so, Figure 2.1.b shows that the ITC could react
with the meal p;%gein. | '

-

-
This could be outlined as follows:

N . ' + protein

—>» ITC ~°F >ITC-protein

G]ucosinoiates

o Nitriles

As mentioned 1in Chapter 2, the formation of the

nitriles 1is competing with that of the isothiocyanates.
-4

Therefdre, the amount of isothiocyanates formed could be
underestimated by the incomplete hydrolysis of the gluco-
sinolates and/or by <“the formation of the nitriles.

r'
Furthermore, these isothiocyanates c¢Ould react with the

“\\\w “rapeseed pfotein. During the analysis of the isothiocya-

j i

nates, the reacted portion colld not?be determined since it

is bound to the protein.
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In view of this discussio%,‘the aim of the isothio-
cyanates ana]ysis me;hods is threéfo]d: to completely
hydrolyze_the glucosinolates to only the isothiocyanates;
to preyeht their reaction with the seed protein; and to
measuré them quantitatively. The §a1idity of the ana1yti;
cal procedure is to be jhdgﬁd on the basis of, and on the
assumption that, thé Sest-probequre would show the highest
ITC content .in a given sample. This 9riterion was also
used by Appelgvist and Joseffson (15), Appelgvist (16),
Youngs and Wetter (235) ;o find ‘o&t, while &eveToping
progedures for the deterﬂ{nation & ITC and O0ZT, the
suitable pﬁ for the hydrolysis of rapeseed g]ucos{no1ates.
Furthermore,i Srivas@ava .and  Hi11  (198) wused the same
approach to conclude that in‘aglucon analysis procedures,
the use of exogenou!_myrosinasg would underestimate the
amount of ag1uc%¥s produced from the hydrolysis of the meal

glucosinolates.

\

-

detter aﬁd YBungs (233) have used ancther approach
to judge an analysié ﬁrbcedure« This apﬁnoach involves the
addition of kaqwn amounts of glucosinolates samples to
meals. these glucosinolates are then determined by the
procedure to be jﬁdged? and the results are compared with
the kndwn amounts added. This approach was not used in

“this study because it was felt that the native glucosino-

s -
-

3
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lates embedded in the meal's structure might behave differ-

-

ently from the added g]ucosiﬁolates.
F
Initial gxperiments were made, following Youngs'
method, to test the effect of using pH 4.5 instead of 7 on
the formation of ITC by hydrolysis at a W/M raﬁion of 3:1.
By applying the criterion discussed above, it was concluded-
that the hydrolysis of the glucosinolates at pH7, which
yielded 0.31 mg/g'mea1 ITC, was better than hydrolysis at
ﬁH Qéﬁ?\\:rich pradg;ed only (.02 mg ITC/g meal. This
indicates that in#qungs' methed it is correct to hydrolyze
the glucosinolates xat the neutral pH. However, it was
decided to inveiﬁﬁgate the planned modification at pH 4.5,
since part of the work that is reported in Chaptex 5 was

carried out at this pH.

The next modification? introduced was the use of
the meaT‘§ eﬁddgenous g€ .ymes, which is presumably not
significantly altered by the meal's preparation procedure,
.to hydrolyze the glucosinolates. This .modification
resulted in an increase in the amount of ITC determined to
-0.22 mg/g meal from 0.02 for Youngs' method, under the same

-

experimental conditions.

% Only cne modification as tested at a time.



An increase in the W/M ratio from 3:1 VMAP (A3) to

5:1 VMAP (A5) was then investigated. This resulted in an

‘increase in the amount of ITC determined to 0.27 mg/g mea1//r“jx/
7
- from 0.22 mg/g meal. .

-

The’ ne;t modificaiion 'studied was the order of
addition. Thus, comparing the amount of ITC determined by
VMAP (A5) of 0.27 mg/g meal to that of MAP (A5). of
0.33 mg/g meal, indicated that the order of addition
followed in MgP is favorable in the determination of the

N .

[TC of rapeseed meal.

A comparison between MAP (N5) and MAP {A5) was
conducted to find out if, in spite of the incorpqrated
modﬁfﬁcation, the analysis at pH 6 to 7 still gives better
resuits than at pH 4.5. This proved to be the case because
the amount of ITC determined in the former at 0.4l mg/g

meal was higher than that for the Tatter of 0.33 mg/g meaT.‘
| In tine with.the cohc]usions reached during the study of
the analysis at pH 4.5, the increase of the W/M ratio
increased the amount of ITC debermined. This could be seen
when examining «MAP (N5), MAP (N10), and MAP (N150)5, where
thg.ﬁTC dete#mined were 0.33, 0.50, and 1.42 mg/g meal,

5 Will be called MAP anly.



respectively. The W/M ratid was not increased beyond
150:1, because this ratio was the highest used in the work

LY

reported in Chapter 5.

An investigation on the effect of the order of
aq&ition of chemicals in the hydrolysis pH range of 6 to 7,
by comparing MAP to VMAP (N150) of determined ITC of
1.17 mg/g meal,. confirms that the chénge in order of addi-

tion of MAP improved in the analytical method.

In conclusion, the modifications effected in this
study improved upon VYoungs' ITC determinatioﬁ.method. The
modified method is simple, fast, and reascnably accurate -
(having a coefficient of variation of 4.5%). However, the
method is not suitable for the determination of glucosino-
lates such as the indolyls whose ITC are unstable at a
neutral pH (details are in Appendix 18). The method also
cannot be applied to meals whose myrcsinase enzyme has been

deactivated.

r! 1
:9 A
N The detailed procedure of MAP is as follows:

Procedure

A

One hundred mg of the meal and a 6 mm glass bead

were placed in a 20 ml culture tube. Two ml of methylene



h

chloride at 23°C were also added to the tube. The tube was
7 Eapped with a'jef?on-iined sc}ew cap and the contents mixed
in a vertical position without rotation for 10 min. The
-methy1ene chloride contained an internal standard of
40 mg/1 butyl isothiocyanate. Fifteen ml of water were
-.addéd to the tube which was then shaken for 2 h in a rotary
~sh$ker immersed'}n a 23°C w§§3r,bath. In this procedure,
the solvent was added before the water, not only to ektract
any existing aglucons if present, but also to prevent the
ITC resulting from the hydrolysis of the meal glucosino-
lates from reacting with the meal protein. After shaking,
the Emu]sion in the tube was broken by centrifugation at
2500 rpm. The bottom layer (methylene chloride} of the
solution was removed with a long-needled syringe and the
extract xept in 2 4 ml vial with a polyethylene snap cap.
One gL of this extract was - injected by a microsyringe fnto
a stainless steel column {outside and inside diameters 6.0
and 4.5 mm, r~spectively), packed with 20% FFAP on 60/80
mesh Anakrom ABS, connected.  to a 5830 Hewlett-Packard GC
unit. Part of this unit is an 18850A &C “rea integrator.
The column was pufchased from Chromatographic Specialties

- of Brockville, Ontario. Heiium was used as the carrier gas
at a flow rate of 32 ml/min. The temperatures of the
injection port, oven, and flame ionization detector (FID)

were 250, 180; and 300°C, respectively. ' The attenuation



used in this gas chromatograph was 1/18 and the slope
sensitivity was O,Sf The area rejection was nil, thus all
peaks were integfated. The integrator chart speed was

1 em/min.

A typical gas ifromatogram of the MAP ITC analysis
is sgown in Figure 3.1. The two unkown peaks appearing in
this figure were identifiéd by mass spectrometry to be for
butenyl- and pent;;;l-iébthiocyan§te. The éjscussion of
the spectra and of co—eTutgd compounds during{fhe chroma-

tography are detailed in Appendix 15.

As c¢an be seen in ;igure 3.1, the retention time
(RT) for the peaks of butyl- (the dinternal standard),
butenyl- and pentenyl-isothiocyanates were 5.15, 6.45, and
8.96 min, respectively. The integrated areas in millivoits
. corresponding to these peaks were 28880, 49950, and 2647,
respectively. The amounts of the individual butenyl- and
pentenyl-isothiocyanates were calculated as outlined in the
work of Youngs et al. (235). The'ca1CU1%;ion procedure is

presented in detail in Appendix 13.
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CHAPTER 4
SOLUBILITY OF MEAL PROTEIN IN AQUEOUS SOLUTIONS

4.1 Introduction

This investigation was carried out to determjne the
solubility of rapeseed meal protein in aquedus solutions.
Particuiar éttention was paid to changés in the meal's
color and to%conditions of minimum solubility. lInformat{on
on the minimum solubility was neéded i% order to develop a
meal detoxification process by aqueous extraction, ‘whilé

minimizing protein loss. The meal used was not ground to

affect a Tow protein solubility ievel in aqueous solutions.

In the following detoxificaéion study, moniteoring
the changes in the meal's color was done to avoid pro-
cessing conditions giving drastic changes in the meal's
color. This ié important since a change in the meal's

color (from its original yellow to dark brown or green)

~a

-z
e



would seriously 1limit .the potential incorporation of the

Jeal into most foods (189).

The solubility study was also ‘necessary since
l .

relevant data in the Titerature were obtained for‘napeéeed
meals other than Tower. Also, the preparation methods and

U . . ?
%pec1f1cat1ons of these meals were different than those

-

required for the present work. For example, Quinn ani'

Jones (16?) used the Echo variety, while Korolczuk an
Rutkowski (102) did not mention the variety used in their
work. In both proceaﬁres the seed was ground.

The pdrpose of this inyestigation was to study the
effect of pH at different|temperature 1eve1s}on the -solu-
Lility of Towér meaT-ﬁrotein. Thus the ﬁﬁ, varying between
.1 to 13 and temperatures set at 15, 2§, 35, 45, and‘55°C
(x0.5%) were the facto?s studied. Thi; upper Eegperature

1imit was chosen because it was felt that at higher temper-

atures, excessive protein solubility would occur ¥(102).

A high W/M (wet basis) ratio of 50:% was used in
’ -

this investigation. Since the.meal absorbs water, this

high ratio was needed to minimize the relative amount of

this aBsorbed water to the ratio used. 4

2}



Initially, buffer solutions were used to maintain a

constant pH (33,63). #However, it was found that the pH

‘ —

drifted from ;}§w initial value. This cou?db’have been

because }he carboxylic and amino acid groups in the meal .

protein exercised a strong effect on the solution. Also,

the buffer solutions, with their varying compositions,‘

_might not have established a fair basé for comparing the
protein solubility, since the’solubility is affected by the
ions present in the solution. Furthermore, 'the buffer
compositions might have éffected the activityl of the
myrosinase (82), which woéuld have intefered with the
planned detoxification of the meal. q§ince buffer soiutibns
do not offer a stable pH in the presence of the meal, and
since there:are problems associated with their use, it was
decided to use solutions of either sulfuric acid or sodium
hydroxide jnstead. (Distilled water was used in thé pre-
paration 6; all so1utions'throqghout this Thesis to achieve
contro11ed‘conditfons.) ‘Solutions of either NaOH or H,S04
(HCT }p.some cases) were also used in similar investiga-
tions}{73,102,164,186,187). This alleviated the problems

associated with the use of buffers, except for the drifting

of the pH from its initial value.

1 Defined as: mole g]ucdsinoTates hydrolyzed/mole enzyme.
“min. ‘ : .

f

s
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Pre1imihary experiments were carried out at the W/M
ratio_of 50:1 and ét the 5 temperature'1eve1samentioned.
During these experihents, the. go]utions were ‘stirred
magnetically and the pH was constantly monitored for lhh.
It was noticed during the monitoring that in all cases, the
oH was stabilized in less than 20 min. After that, the pH
remained Vvirtually unchanéed for the- remainder of. the
hour. Thus, it was felt that the .use of a 1 h extraction
"~ time would ensure that thé“%ystem'had-reachéd a cogstant
~pH.  This same extraction time was used by Smith et al.
(187) while in other investigations only 30.min'were used
(102,164,186). In the work of Gillberg and Tornell '(73),
the meal was also extracted for 30 min after the pH was
stabilized which, for sémpTes of a 2.5 g size, was within
2.5 min2.

As conducted in .other iniéstigations (73,102,164,
186,187), the solubility of the protefn Was determined'as‘

dissolved nitrogen.-

2 The time in the work of Gillberg and Tornell (73) is lower
than the 20 min- found in this investigation, possibly
because they ground the meal, which might have allowed its
components a faster exposure to the solution.



4.2 Experimental Procedure

The meal used 1in ‘this experimental procedure was

prepared from rapeseed (Brassica napus var. Tower) which

was cracked, dehulled, and defatted. (Details are present-
ed in Appendix 1.)

Fifty ml of an aqueous solution with a known pH
(initial pH) was added fo 1.0 g of meal (wet basis) in a
125 m Er?ynmeyer'fIask. The flask was then stoppered with
a rubber bung and the mixture was shaken for 1 h in a
constant-temperature water Dbath. After tﬁis shaking
period, the pH of the solution was measured and denoted as
the final pH. As discussed above, after the shaking period
of llh, the solution would have reached an equilibrium.
Thus, t%is final pH was considered the pH at which the
protein solubility had occurred. This approach Eas also

been used in similar investigations (102,164).

The supernatant was subsequently decanted and
centrifuged for 5 to & min at 2500 rpm. Ten ml of the
clear supernatant was digested according to the standard
Kjeldah] methodl'(l41) (details -are presented .in Appen-

dix §5). The digested supernatant was then transferred



1
] y
)

quantitatively to a 1 L volumetric flask and'HistiI1ed Wa -
ter was added to the mark.

An‘Orion Ammonia Electrode, mode1—95-10, which 1is
capable of detecting dissolved ammenia in aqueous solutions
over the:concentration range of 1 to 10-% M, was used to
measure the ammonia of the digested supernatant.‘ This
method is called by the manufacturer "The Known Addition
Method" because a solution of a known ammonia concentration
is added to that to be measured (149). A more detailed

description of the function of the electrode is given in

Appendiﬁ 2.

An aliquot of 20 ml of the dilute digested samp1e‘
was then transferrad to a 150 ml beaker. Two ml of an
alkaline reagent (10M NaOH + 2M Nal) and 80 ml of distilled
water were added to the aliquot. The NaOH in this regent
releases the ammonia from its sulfate salt by raising the
pH to over 11. The Nal replaced the ammonia in its complex
with the ‘mercury catalyst, thus freeing the ammonia to
.enab1e its measurement by the electrode. To avoid loss of
the ammonia tc the -air during the addition of the alkaline
reagent and the distiifed water, the contents of the beaker
were always cooled, from the outside, to about 25°C. The

-

solution was magnetically stirred at a Tow velocity without
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forming a vortex, which could have resulted in the escape
of the.ammonia from the solution (149). About 1 cm of the

ammonia electrode, which was connected to an Accumet 420

digital pH/ion meter, /has quitgly immersed in the

sclution. Then, after 1 ﬁin, which 1is p adequate time for
the electrode to stabi1i§e (149), an iAVtia] reading (E71)
. was taken from the expanded millivolt sgale of the meter,
Ten ml of a standard NHqC1 sciution }20 ppm as nitrogen)
was added and after another minute, f second reading  (Eo)”
was recorded. By subtracting the former reading from the
lattér, a value of A E was obtained. A Table in . the in-
struction manual of the electrode (copy shown in Appendix
2) relates A,E'to a value Q, which is the ratio of the con-
centration of the nitrogen in the aliquot to that of the
added standard sociution. By mulfiplyiﬁg Q@ by 5003, the
amount of dissolved nitrogen in the so1utipn is obtained.
3- \
This procedure for the determination of '%he
dissolved nitrogen in the supernatant was also used %or the

determination of the meal's nitrogen content. The accuracy

3 Result of multiplication of 100 (factor in the supplier's
manual) to convert values of Q to mg and 5 (ratio of_the
volume of the solutions 50 m] used to dissolve the protein
to the volume of the digested supervatant (10 ml).



of the procedure followed was tested and the cdefficient of
the variation was found to be 121%. Details -are in

Appendix 7.

At the ’beginning and end of each series of
measurements, the precision of the electrode was checked by
determining the nitr

P

of the amino ?iid glycine, whic

ntent of a digeste?”known amount

i66% nitrogen.
If the coeff{cient of variation (C.V.) for the check
measurements of a series was not less than 2%, the results
of the series were discarded. The measurement procedure
‘was examined until the reason for the high C.V. was found
and alleviated.

A blank was‘ggggfred by digesting about 1 g of solid
dextrose. The nitrogen content of the blank was too small
to be measurable, therefore showing that there was no need
to purify the chemicals used or to compensate for their

nitrogen content.
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- Results and Discussion

N —

The experimental result3 and the conditions under
which they were obtained are presented in Table 4.1
(located in Appendix 6} and shown in Figure 4.1.. It should

be noted that the pH in Figure 4.1 is the final pH.:

By comparing the initial and final pHs reported .in
Table 4.1, it can be seen thét the meal exerted a buffering
action. For exéﬁple, at 15°C aéd an initial pH of 2.00,
the final pH was 4.25. Also,.at 25°C, for- the initial pH
of 10.78, the final -pH was 6.5.

It was not possible to extensively duplicate experi-
ments at the same final pH. This is because the desired
final pH level <could not be r&ached with precision by
adjusting the initial pH. For example, at 15°C and very
close initial pHs of 0.55 and 0.56, the final pHS were
substantially different at 0.48 and 0.70, respectively.
Furthermore, at 25°C and at different initial pHé of 4.68,
5.69, and 5.82, final pHs were almost identical at 6.16 for
the first and 6.17 for the latter two. However, an illus-
tration of the accuracy of the results can be seen when the

dissolved nitrogen of these three experiments are com-

-
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NITROGEN DISSOLVED, % OF ORIGINAL

10

O 1 2 3 4 5 & 7 8 9 10 11 12 13 14
pH

o

Figure. 4.1 SOLUBILITY OF TOWER RAPESEED PROTEIN (as nitrogen)
IN AQUEOUS SOLUTIONS. B
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pared. Their\\usto1ved nitrogen of 17.2%, 17.4%, and
\ ‘

17.4%, respectively, indicated that the . process s

reasonably accurate,

Froﬁ'Figure 4.1, it could be seen that at lé°C in
the pH range4 of 2.24 to 4.92, the nitrogen solubility was
Tow at only between 122 and 13.5%. In this range, it
could also be seen that the changes in the pH had little
é?fect on'tﬁe‘ﬁeve1s of the dissolved nitrogen. A similar
nitrogen solubility trend was also observed at 45 and 55°C,
in wide pH ranges of 3.06 to 8.98 and 2.68 to 7.90, re-
spectiv%}gi As for the temperatures of 25 and 35;t, the pH
ranges were narrow at 4.3 to 6.17 and 4.13 to 6.10. This
narrowness s most likely due to a lack of sufficient data
to establish the %ui] range. As shown in Table 4.1, no
color change of the meal occurred aty or near, the low
nitrogen solubility regions. In other regions, the co]orh
of the meal generally changed from its original yellow to
gray and to dark green, in the dire;tion of increasing
acidity and alkalinity, respectively. Similar, though more
pronounced, c¢olor <changes were also observed in the
extract. Thompson et al. (213) observed similar color

behavior in their work on rapeseed protein isolates.

4 Boundary of a pH range is formed by the experimental data.
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The minimum nitrogen solubility points were identi-
fied from the constructed lines of Figure 4.1. The levels
of these minima and éhe conditions of their occurrence aré
presented in Table 4.2. As can be seen in this -table, the
level of the minimum nitrogén-so?ubility and the corres-
ponding pH increase with the increase in temperature. This
could also Ee noticed in Figure 4.2 which is extracted from

the work of Korolczuk and Rutkowski (102)5. In similar

TABLE 4.2
MINIMUM SOLUBILITY OF TOWER RAPESEED PROTEIN IN AQUEOUS

SOLUTIONS
Temperature pH Minimum Solubiiity
°C (% of original)
15 4.4 11.8
25 4.5 14.2
35 4.8 ] 19.0
45 7.0 26.2
55 7.2 _ . 30.2

5 The meal used was prepared by defatting the seed with a
solvent. The meal produced was air-dried and then dried
under vacuum. Conditions of the study were: W/M ratio
of 20:1, duration of -extraction of 30  min, and
temperature tevels of 20, 40, 60, 80 and 100°C. After
ceoling, the samples were centrifuged at 2000 rpm for
20 min. The nitrogen in the solution was determined by
the Kjeldahl method. Their results were reported as
contours of dissolved nitrogen (in % of original in meal)
as a function of pH and temperature.
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Figure. 4.2 SOLUBILITY OF RAPESEED PROTEIN: FROM THE WORK
OF KOROLCZUK et. cl. ‘
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investigations, it was found that the minimum solubility of
the»profein of soybean meal at a temperature between 24 and
26°C occurs between a pH of-3.5 and 4.5 (186,187). For

radish (187) and Crambe abyssinica (224) meals (both, like

rapeseed, in the Cruciferae family), the corresponding
minima were between pH of 3.8 and 4.3, and pH of 4 and 4.2,
respectively. The temperature for the former study was
25°C, while that for the latter was not mentioned. The
reported value in the work of Sosulski and Sarwar (192) for
rapeseed at room temperature was in the pH range of 4.4 to
4.7, while that obtained in the investigation of Quian and
Jones -(164) on the rapeseed Echo variety was 1in the pH
range of 3.7 to 4.6 (temperature was ﬁot mentioned). From
Table 4.2, it could be seen that Towgr rapeseed, under
similar conditions, has a pH value of 4.5, which is in

agreement with the values cited above.

In all of the five temperature levels studied, the
amount of dissolved nitrogen increases substantially in
going to both alkaline and acidic extreme pHs. For
examplie, at 15°C and pHs of 0.19 and 12.46, the nitrogen
dissoiution was 29.5 and 38.8% of that in the mea{, respec-
tively. [t can also be observed in Figure 4.1 that the

nitrogen solubility generally increases with temperature.



. ) *
The ‘increase in the protein solubility at the

alkaline pH values might have been the result of reduced
protein-phytate interactions. As the pH increases'from the
pH of minimum nitrogen. solubility, there is a tendency-for
these interactions to be reduced. This is a result of the
competition (5,7%,144) between carboxylic groups (of aspar-
tate andl'91utamate Jesidues) in the ‘protein and phytate
anion for the basic grogps of lysine {(e&-animo groups),
~histidine (imidazole groups), and arginine (guanidino
group) residues of the protein. ‘At the very high pH values
(pH>11}), the oprotein-phytate interactions are minima1:
This might be related to the relatively high nitrogen solu-
bility at the higher pH values.

As reported in the literature (63,73,102,164,165,
225), Figure 4.1 may show an indication of ‘two isoelectric
points. For example, they could be seen at 55°C around the
pHs of 2.68 and' about 7.0. This phenomenon could be
explained by the presence of two major protein groups in

rapeseed, one acidic and the other basic (22,66,75,77,165).

The solubility levels of this investigation, shown
in Figure 4.1, were compared with those in'Figure 4.2 of
Korolczuk and Rutkowski ({102). It can be seen from the

comparison at the same pH level that, in spite of the use



of a higher W/M r;tio of 50:1 in this investigation than
that of 20:1 .used by-Koro1czuk and Rutkowski (102), the
nitrogen solubility level in the former is lower than the
1att%r. For example, af 25°C and pH of 4.5, %he nitrogen
solubility in tﬁis investigation was 14.2%, while that of
Koro]uc%uk and Rutkowski {102) was about 41.0%. A possible
exp]anat?on might be that not grinding the meal in the
present investiga?ﬁon‘ reduced its nitrogen solubility
Teve1.. v | |

In summary, this investigation has resulted in the
determination of the exberimenta1 conditions for minimum
protéin so]ubiiity. With these conditions, it was found
that the meal did not turn to an objectionable dark color.
This information was Héeded for carrying out the subsequent

detoxification study.

.

N



CHAPTER 5

DEVELOPMENT OF A DETOXIFICATION METHOD
' FOR RAPESEED MEAL

In undertaking thé research investigation to
detoxify Tower meal, the extraction of glucosinglates and
their aglucons by acidic solutions (called the Aqueous
Extraction Method) was investigated first. Conclusions
reached in this investigation were used to plan a second
phase of the development, called ihe Acidic Medium Method.
The meal in the second method was treated essentially in
the same manrer as in the Aqueous Extraction Method. The
main difference 1is the deletion, in the Acidic Medium
Method, of the filtration step. Information obtained from
the Acidic Medium Method was then used to formu1ate‘ a
research plan for a third and last phase of development.
In th%s last phase, the meal was treated in the same way as
in the Acidic Medium Method, except that the pH used was
between 6 and 7; hence it is called -the Neutral Medium

dethod.



The guidelines followed in this investigation were
that all the processing steps used were to be’ mild, so that
the denaturation of the meal protein and éhanges in its
color would be minimized. Also, the fibre content of the
meal was reduced. Details of these éuide]ines can be found
.in Section 1.1 under the heading "Research Objectives and

Qutline".

The procedure for preparing the meal is explained in
detail in Appendix 1 and outlined in the flow sheet in
Figure 5.1. This figure also contains a plan of the Aque--
ous Extraction Method. The major features of this flow
sheet are that the myrosinase was ;ot thermally deactivated
because the heat treatment causes protein denaturation.
Also, wunder certain circumsténces this treatment - could
contaminte the seed o0il w}th sulfur compounds. The draw-
backs of the deactivation treatment have been discussed in
more detail in Chapter 2, where it was noted that Hydro-
Tysis of the glucosinolates before 'the defatting of the
meal could contaminate the oil with sulfur. The moisture
content of the seed to be dehulled was kept below 8%. This

low moisture level inhibited (or kept at a minimum) any

hydrolysis of the glucosinglates during dehulling.
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Potentially Detoxified Meal

Figure.5.1 FLOW SHEET* of MEAL PREPARATION and INITIAL PLARN
for DETOXIFICATION DEVELOPMENT.

* This procedure differs from that outlined in Figure 2.2 in extracting the meal
under conditions of minimum protein sqlubility and deleting the enzyme

deactivation step.



The dehulling step resulted in two fractions: the
meat, which was about 70% of the seed, and the other 30% of
the seed, which contained the hulls (13%) and meat fines
{17%). =The 0il was extracted from the meat with food grade
nexane in a Soxhlet extractor for 24 il. The reason 'for
this long duration s discussed in Appendix 1. In
principle, the fines (in the hull and fines fraction) could
have been defatted in the same way. The residual oil in
the meal was found to be about 0.55% of the meal. This
compares well with the range of 0.5 to 2% residual oil
common for industrially produéed meals (14}. The extracted

0il contained less than 10 ppm sulfurd, This is the same

order of magnitude for oils produced industrially (14).

The dehulliné stép 'reduced the indigestible fiber
content (mainly from hulls) of the meal from aSout 25% (if
seed were not dehulled) to about 4%, as determined at
Agriculture Canada. Calculation of the fibre content for
the meal containing hulls is detailed in Table A.1. This
reduction in the fiber Eontent could be considereg to be-an

improvement in the nutriticnal value of the meal.

L gr. D.J. Jones of .Agriculture Canada determined 1in
experiments that the required oil extraction_time, in the
Soxhlet used, for the Tower meat is bhetween 23 and 31 h.
Thus the 24 h extraction was adopted.

2 petermined at Svaloff Research Station, Svaioff, Sweden
through Br. J. Jones of Agriculture Canada, by a modified
Schoniger Combustion method (14}.



The rate of formation of melanoids, which would give
the meal-an objectionable Qark color, is high at low mois-
ture contents and high temperatures (69). Freeze-drying
was thus used to control their formation (97). Also, meal
treatment conditions wused during the development were
chosen, in. light of the study on the solubility of protein
{presented in Chapter 4), to avoid inducing the formation

of objectionable ¢colors in the meal.-

5.1 Aqueous Extraction Method

In this method, as shown in Figure 5.1, the meal was
aqueously treated at the experimentally determined condi-
tions (described in Chapter 4) for minimum solubility of
protein at 15°C and 25°C, and corrésponding.pH values of
4.4 and 4.5, respectively. In these acidic conditions, the
reaction between the ITC (resuTting from hydrolysis of
glucosinolates during the aqueous treatment) and protein to
form dithiocarbamates and substituted thicureas would be
‘minimal (36). The use of fthree W/M ratios3 (3:1, 4:1, and

5:1) for aqueous treatment was investigated in this

H

3 1t should be noted that the intentional use of a much
higher ratio of 50:1 in the solubility study was meant to
sing'e out the effects of pH on the solubility of protein
(details are in Chapter 4). . Moreover, the use of these
three Jow ratios was only a starting point and, as will
be seen later, the W/M ratios were increased.

>



method. The aqueous treatment time used was in the range of
+ to 5 h. This range was also adopted by Eapen et al. (57)
in their study on _ the ‘detoxification of rapeseed meal.
"After aqueously treating the meal, the resulting slurry was

filtered.

The aim was to maximize both the detoxificaéion and
the amount of remaining protein and solids (defined as the
treated meal after 1its freeze-drying). This strategy
involved successive extractions, each of which was

optimized until the meal was completely detoxified.

It was aiso planned to recover the protein from the
combined filtrates by step-wise precipitation, centrifu-
gation or membrane filtration. | It should be noted that
this was a tentative plan that cgu1d be c¢hanged at any

stage of the experiment, according to the results obtained.

5.1.1 Experimental Procedure

The apparatus used for this detokxification study is
shown in Figure 5.2. The extraction'step was carried out
in a cylindrica: plexiglass extractor having a 3 mm thick
fiat bottom. Both its inside diameter and its height were

63 mm and wall thickness was 2 mm. In the . preliminary
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aqueous extraction experiments carried out in a glass
beaker, the agqueously treated meal did not filter quickly
in a buchner through filter paper.{(even with the use of a
vacuum)idue fo pore plugging. To overcome this problem,
240 holes with a diameter of 0.55 mm were drilied in the
bottom of the extractor, which was used as a filter disc
for the meal slurry. It should be noted that filtering
rapeseed meal slurries through relatively 1large poge
openings is considered an acceptable technique and has been_
widely wused (1,57,105,118). For example, in the work of
Afzalpukar et al. (1) the opening size of the filter holes
was 0.84 mm. The appropriateness of a 0.55 mm hole size
for this work is discussed in Section 5.1.2. During the
aqueous treatment period, the bottom holes were tightly
closed by a rubber gasket 6 mm thick and 69 mm in diameter.
The gasket was seated in a groove of the same diameter in a
blind flange 112 mm in diameter. Another flange, also with
an outside diameter of 112 mm and an opening of 60 mm, was
put on the top of the extractor. The 1ip of the extractor
was placed in a 2 mm groove (same thickness as the
extrator's wall) around the edge of the flange opening.
The blind flange was firmly pressed.against the extractor
by screwing .nuts to four bolts passing through both

flanges.
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A coiled sleeve of copper tubing was wound around
the extractor, through which water of a conétant tempera-
ture was passed to attain the required temperature in the
meal slurry, in a range of *0.5°C (as measured by a cali-
brated mercury thermometer inserted in the slurry). The

extraction apparatus was held firmly in place by a clamp.

~ The contents (meéi and aquéous solution) were mixed
with a Teflon covered_ triple propeller stirrer that
measured 50 mm in diameter and 10 mom in heighé. The
propeller blades were angled at 45°. ~ The speed of the
stirring was approximately 300 rpm, as measured by a tacho-
‘meter. The stem of the stirrer was passed through a
positioning bearing to maintain the motion in the centre of

the extractor.

The mixing of the meal slurry was considered ade-
quate on the basis of visual obs;rvation of the movement of
the meal and because the change in pH readings was mono-
tonic and not drifting erraticaliy, even after the acid c¢r
alkali were added to the slurry. In addition, the agita-
tion times used (up to 5 h) resulted in a thorough mixing.
Furthermore, the mercury thermometer and the pHE electrode

were positioned in the extractor to act as baffles, thus

further improving the mixing of the meal slurries. To

simplify Figure 5.2, the thermometer and the electrode
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are not shown 1in it. The wmixing was also Jjudged to be
adequate from observing the dispersion of the red color of
methyl orange in the slurries of experiments carried out
solely for this purpose. In this regard, it is of interest
to mention that agitation had no effect on the amﬁunt of
éach aglucon produced from the hydrolysis of the meal

glucosinolates (224).

Ten g of meal were weighed in the extractor. Then
. the extractor was mounted to the flanges described above
and the apparatus was fastened. To bring the pH to the
required level of 4.4 or 4.5, between 15 and 35 ml of
dilute sulfuric acid was graduaily added to the meal in the
extractor. The amount of acid depended on the W/M ratio
and time wused in the extracticn experiment. The pH was
measured by a pH electrode connecteﬁ to an Accumet 320
analogue pH meter. The pH of the slurry wag maintained at
the desired level by adding either're1ative1y concentrated
sulfuric acid or sodium hydroxide. The acid and hydroxide
were added to the slurry, through the opening of the
apparatus, from burettes controllied magnetically by a Luft
77 (on/off) conpro11er. The feedback signal for the
contro11er‘ Was received from the pH  meter. The
concentration, amount, and rate of the initial addition of

the acid were adjusted so that 90% of the desired ratio was
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added in about 10. to 15 min. The remaining 10% allowed
(withouf exceeding the desired W/M ratio) the control of
the pH by the addition of acid or a]ka]i (up to extraction
time of 4 h, wusually only the addition of acid was
needed). The full amount of the desired ratio was reached
at least 30 min before the end of the experiment. In the
case of the % h treatment, the desired ratio was reached a£
least 10 min before the end. It was felt that this
addition procedure was the best possible comp-omise?
between the need to control the pH of the solution and the
required final W/M ratio. It should be noted that if the
execution of an experiment did not satisfy this compromise,

the experiment was discarded.

At the end of the treatment time, the nuts were
unscrewed. The extractor was removed from the seating

blind flange and the meal slurry was then filtered through

4 p search' of the literature for similar work indicated
that a compromise had to be used that was satisfactory

for the purpose. For example, VanEtten et al. (224)
followed a similar procedure as the one under discussion
in this chapter. The only difference was that HCl was

used instead of H»304. Furthermore, Appelgvist and
Joseffson (1l6) used high concentrations of buffer solu-
tigns at th required W/M ratio. Thus, during the
gexperiment, fF&JpH was continuously adjusted with HC1 or
NaOH, which might have changed the ratio. In addition,
Paik et al. (153} added buffer solutions at the desired
ratio to their meal. In some cases, this resulted in the
final pH of the meal slurry being different from what it
was intended to be.
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the bottom holes of the extractor with the aid of a water
vacuum pump. After filtering, the extractor'waé placed in
a deep-freezer at -50°C until its contents were frozen.
Then it was freeze-dried at a pressure qf less than lo‘pm
for 24 h on a heat rack placed in the dryjng chamber of a
Virtis 10-100 freeze—d?yer. The temperature of the_con-
denser of the freeze-dryer was -60°C. The temperature of
the rack was maintained in order to give a temperature of
28°C in the meal after complete sublimation of the ice. To
prevent material losses during drying, the extractor was
tightly covered with microporous plastié sheeting. After
drying, the remaining solids (defined as the extracted
freeze-dried meal) were weighed and their percentage of the
10 g meal used was calculated. The results are presented
in Table 5;1 and Figure 5.3 ("a" and "b* denote 15 and
25°C, respectively). The dried meal was kept‘ under a
nitrogen atmosphere in tightly capped glass jars and pre-

served in a refrigerator.

The remaining nitrogen content expressed in mg/g
solids was determined by the Ammonia Ion Electrode method
after the Kjeldahl digestion (141) as described in Chap-
ter 4. The remaining nitrogen, in percentage of the
or}ginai content of 82.5 mg/g meal, was calculated and is

presented in Table 5.1. in the 1literature (146, for
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TABLE 5.1

EFFECT OF EXTRACTION TEHéERATURE, W/M RATIC
AND EXTRACTION TIME ON MEAL SOLIDS, NITROGEN AND ISOTHIOCYANATES

— Remaining L ’ .

W/M Extraction Remaining nitrogen++ Remaining BIT* PIT* ITC™
(ml:q) Time  solids {mg/g Protein# (mg/g (mg/g (mg/g

(h) (% of orig.) solids) (% of orig) solids) solids) solids)
15°C ]

3:1 3 78.48 _ 91.0 86.5 .0295  .0045  .0370
331, 1 77.50 89.7 84.2 .0259  .0035 .0294
3:1 2 77.00 87.8 81.9 .0168  .0023 .0191
3:1 3 77.20 86.5 80.9 0193 .0024  .0217
3:1 4 79.24 91.0 g7.4 - - -
321 4 79.18 9.0 8.2 .0ll6  .0023 .0139
3:1 s 78.00 88.4 8.5 - - ] ;
3:1 5 76.14 87.1 80.3 0121 .0026  .0147
4:1 3 70.53 91.0 77.8 .0340  .0069  .0379
4:1 1 68.02 92.4 76.1 .0220  .0038 .0258
4:1% 2 66.15 92.4 74.0 .0181  .0037  .0218
4:1 3 64.68 ~  88.4 69.3 0153 .0044  .0197
41 ¢ 65.80 88.4  70.5  .0Ll15  .0029 .0l44
4:] 5 60.94 86.5 63.9 .0106  .0022 .0128

* . Butenyl Isothiocyanate

** ; Pentenyl Isothiocyanate

+ : ITC = BIT + PIT

§ : = Remaining Nitrogen {mg/g solids) x % Remaining Solids
Nitrogen meal (82.5 mg/q)

: Values higher than the original 82*5 mg/g meal indicate that the
protein has been concentrated in the freeze-dried meal solids. This
might be because the meal protein, with its high molecular weight and
pH maintained at the minimum protein solubility conditions, dissolved
less than the other meal components. b
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TABLE 5.1 (cont'd) . )
' Remaining

W/M Extraction Remaining nitrogen++ Remaining BIT* PIT** ITct

(ml:g) Time solids {mg/g Proteingé (mg/g (mg/g (mg/g
(h) (% of orig.) solids) (% of orig) solids) solids) solids)

15°C

S 65.50 90.7 72.0 .0395 - (395

:1 1  64.68 88.0 63.9 .0387 .0054  .0441

1 2 £60.96 87.3 - B4.5 .0327 L0017 .0344

:1 3 * 60.33 82.8 €0.5 L0212 .0038  .0250

i1 4 61.14 85.3 63.2 .0212 .0016  .0228

:1 5 60.82 81.5 60.0 .0162 .0016  .0178

: Butenyl Jsothiocyanate

: Pentenyl Isothiocyanate

: ITC = BIT T PIT

: = Remaining Nitrogen (mg/g solids) x % Remaining Solids

Nitrogen meal (82.5 mg/g)

: Values higher than the original 82.5 mg/g meal indicate that the

protein has been concentrated in the freeze-dried meal solids. This
might be because the meal protein, with its high molecular weight and
pH maintained at the minimum protein sclubility conditions, dissolved
less than the other meal components. )
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TABLE 5.1 (cont'd)

Remaining

W/M Extraction Remaining’ nitrogen++ Remaining BIT* PIT** ITct

(mi:g) Time solids (mg/q Protein# (mg/g (mg/g (mg/g
(h) (% of orig.) solids) (% of orig) solids] solids) solids)

25°C

1 £3 EéO.Z? 89.7 87.2 .0301 L0041  .0342
:1 1 79.00 89.7 85.9 .0259 .0020  .0279
:1 2 79.50 88.4 85.1 .007¢ .0013  .0092
:1 3 80.50 87.1 g85.4 .C073 0 .0073
:1 4 81.00 87.1 £5.5 .0061 0 .0061
:1 5 82.40 85.5 85.4 .0036 0 .0036
:1 3 77.50 89.7 93.6 .0445 .0058  .0503
1 1 75.10 . 98.2 89.3 .0235 .0034  .0265
1 2 74.00 51.0 81.6 .0135 .0011  .Cl46
1 3 74.40 89.7 §0.8 .0107 .0013 .0120
:1 4 74.20 §9.7 80.6 .0075 0 .007%5
Tl 5 73.40 91.0 80.9 .0048 0 .0048

: Butenyl Iscthiocyanate

: Pentenyl Isothiocyanate

: ITC = BIT + PIT

: = Remaining Nitrogen (mg/g solids) x % Remaining Solids

Nitrogen meal (82.5 mg/g)

: Values higher than the original 82.5 mg/g meal indicate that the

protein has been concentrated in the freeze-dried meal solids. This
might be because the meal protein, with its high molecular weight and
pH maintaines at the minimum protein solubility conditions, dissolved
less than the other meal components.
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TABLE 5.1 (concluded)

Co

Remaining

W/M _Extraction Remaining nitrogen++ Remaining BIT* PIT** ITct

(ml:q) Time solids (mg/g Proteind (mg/g (mg/g (mg/g
~ (h) (% of orig.) solids) (% of orig) solids) solids) solids)

25°C

5:1 3 77.67 95.2 89.86 .0342 L0021  .0363
5:1 1 £69.94 95.2 80.7 .0205 .0044  .0249
5:1 2 64.49 92.4 . 72.2 .0208 .0023 .0231
5:1 3 62.44 88.4 66.9 .007¢ 0 .007%
5:1 4 62.29 89.3 67.4 .005% .0004 .0063
5:1 5 60.85 88.4 65.2 .00%0 .001z .o062

i 4

+

: Butenyl Isothiocyanate
* @ Pentenyl Isothiccyanate
: ITC = BIT + PIT
: = Remaining Nitrogen (mg/g solids) x % Remaining Solids
Nitrogen meal (82.5 mg/g)

T : Values higher than the original 82.5 mg/g meal indicate that the
protein has been concentrated in the freeze-dried meal solids. This
might be because the meal protein, with its high molecular weight and
pH main. .ined at the minimum protein solubility conditions, dissolved
less than the other meal components.

£
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Figure. 5.3.a. MEAL SOLIDS REMAINING AFTER EXTRACTION
(at 15°C) AND FREEZE DRYING.
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Figure. 5.3.b. MEAL SQLIDS REMAINING AFTER
(at 25°C) AND FREEZE RDYING.
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example), this percentage is considered to be equal to the
percentage of the remaining crude protein.s

Both the absolute amount and the percentage of the
nitrogen are presented in Table 5.1. However, only the
ya1ues of the percentage of protein remaining, as a func-

tion of the treatment time, are depicted in Figure 5.4 ("a"

and "b"). —

The total ITC content of the méa] solids was
determined as mg/g by the modified Youngs method (MAP)
(details in Chapter 3). Results are presenmted in Table 5.1
and shown in Figure 5.5 ("a" and "b"). .It should be noted
that only the BIT and PIT were measured as being of
Jnterest to this study (for details see Research Objectives
and Outlire 1in Chapter 1) and that the determined ITC
content includes the amount of the unhydrolyzed

glucosinoiates (determined indirectly as ITC).

5 Crude protein, in mg-= nitrogen content, in mg/g meal X a
factor of 6.25. This factor (100/16) is obtained from the
theoretical relation of each 100 g protein containing 16 g
nitrogen. In this Chapter, however, only the term protein
wil!l be used with the understanding that it is actualiy
cruie protein.
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Figure. 5.4.2 REMAINING PROTEIN AFTER EXTRACTION (at 15°C) AND
FREEZE DRYING.
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REMAINING PROTEIN, % of ORIGIKAL

TIME , h.



REMATHING PROTEIMN, % of ORIGENAL

Figure. 5.4.b

100

30

8c

70

- 112 -

REMAINING PROTEIN AFTER EXTRACTION
FREEZE-DRYING.

(AT 25 C) and
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Figure. 5.5.a. TOTAL ITC in MEAL AFTER EXTRACTION (at 15%C)

ISOTHIOCYANATES, mg/g MEAL SOLIDS

AND FREEZE-DRYING.
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Figure. 5.5.b TOTAL ITC In MEAL AFTER EXTRACTIO“ (at 25 °C)
AND FREEZE-DRYING.
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5.1.2 Results and Discussion.

it was found that filtering the meal slurry through
the 0.55 mm bottom holes of the extractor was appropriate
for the purpose. The duration of the filtration time was
short (less than 5 min). Also, the amount of meal fines

that passed through was negligible.

The effects of the extraction conditions an -the
remaining meal soids, remaining meal protein, and ITC in
the meal solids are discussed below.

i) The Meal Solids

From Figure 5.3 ("a" and "b") it can be seen that
the remaining meal solids follow the usual mass transfer
pattern and are being reduced exponentially with time,.
Also, the increase in the W/M ratio increased the solubili-
ty of +the meal components, thus resulting in a smaller
guantity of remaining solids. However, the remaining meal
solids for experiments, which were aqueously extracted at
15°C, were always lower than those extracted at 25°C. For
example, for a 5 h extraction time, the W/M ratio of 3:1 at
15°C was 76.14%, as compared to 82.40% for 25°C. This
unusual behaviour is due to the fact that the meal at the

extraction temperature of 15°C absorbed less water than at
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" 25°C. This means that there was more free (not bound to
meal) water that can be filtered at the former temperature
than at the Tlatter. For example, for a duration of
exfraction of 5 H, a N/M ratio of 3:1, and at 15°C, there
were 7 ml of free water, while at 25°C there were only
3 mt. Thus, the greater amount of free water at the former
temperature than at the Tatter would result in more meal

components being dissolved.

ii) The Meal Protein

As in the remaining solids pattern, the amount of
"remaining protein (shown in Figure 5.4, “a" and "b"), for
both temperatures énd for all W/M ratios, was reduced
exponentially with fime.' Alsgc, at the same temperature,
the remaining protein is reduced with the W/M ratio. For
the same W/M ratio, the remaining protein is higher at the

agueous extraction temperature of 25°C than at 15°C.

iid) The Isothiocyanates

It is noticeable in Figure 5.5 (*a" and "b") and
Tables 5.1 that the ITC content of the meal is reduced
exponentially. Also, the ITC content of the meal at 25°C
was less than‘that at 15°C for the same W/M ratio and time.

Furthermore, it was expected that the increase in the W/M
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ratio would reduce the ITC remaining in the meal solids;

however, this was not the case.

The effect of temperature and W/M ratio on the ITC
content in the meal solids implies that the ITC might have
been reacting with the meal protein and that the increase
in the W/M ratio diluted the reactants, thus reducing the
rate of reaction. To assess this possibility, the data was
examined for an order of reaction and for the effect of
temperature on its rate. "The first-order kinetics was
investigated first. . The ITC content of the meal versus
time was plotted (by the 1least square technique) on a
semi-log graph, as shown in Figure 5.6 for the ratio 4:1,
as an example. It can be seen from this figure that the
paints fit a straight 1line. This indicates that the
kinetics involved could be a first-order type: It was also
found from the figure that for the increase in the treat-
ment temperature by 10°C (from 15 to 25°C), the rate of
decrease of ITC in the meal almost doubled (from 33 X 10-%
to 51 X 10-% mg/g meal solids). These two observations
point to the possibility that the reduction in the amount

of ITC in the meal is due to a chemical reaction.

Furthermore, at 25°C for the W/M ratio of 5:1 and

duration of treatment % h, the ITC content in meal solids
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Figure. 5.6 ISOTHIOCYANATES IN THE MEAL AFTER EXTRACTION
FOR WATER-TO-MEAL RATIO OF 4!
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-
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f,g
was low at only 0.0363 mg/g, as compared to 0.3326 mg/g ITC
- determined by analysis to have been produced in the meal at

the same ratio and temperature.

Moreover, comparing the ITC content in the
freeze-dried filtrates and meal solids did not show the
concentration gradient expected for the mass transfer
processes. For examp?e,~at 15°C and a W/M ratio of 5:1,
the ITC content of the meal solids was 0.0344 mg/g and that

for the freeze-dried filtrate was 0.0416 mg/g.s

A further investigation was carried out to clarify
the nature of this process. Meal solids obtained at 25°C,
with a time of 5 h and a2 W/M ratio of 3:1, were analyzed by
Dr. M.E. Daxenbichler for other aglucons. _It was found
that the meal solids contained 0.7 mg/g VOT (goitrin},
0.18 mg/g epithiobutane (threo and erythrec),'and N.14 mg/g
l-cyano-2-hydroxy-3-butene (see Appendix 17 for detaiis).
The numerical sum of these amounts approximates the initial
progoitrin content in the meal determined as VOT. Hence,
the decrease-in the ITC content is most likely not due to
its removal by water extraction. These results and obser-
vations indicate the possibility that, contrary to appear-
ance, the water extraction process did not actually remove

the ITC. There was also the possbility that as the ITC was
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volatile; it . could have been removed during the

freeze-drying process.

To determine the reasons for this unexpected
behéviour, 10 g of the meéi was treated in a beaker (same
inside diameter as that of the extractor) with acidic
solution having the same pH of 4.5 as the Agueous
Extraction Method, and a W/M of 3:1. Two samples were
taken simultaneously from the meal slurry, between 1 to
5 h. The ITC content was determined for one of the samples
removed from the slurry and the other one was freeze-dried
at 28°C for 24 h before the determination was made. The
rosults are presented in the first set of data in Table 5.2
and shown in Figure 5.7. It can be seen that the total ITC
content of the meal was substantially reduced, thus
indicating a possible reaction between the ITC and the
protein of the meal, which is in agreement with the work of
Bjorkman (37). It could also be seen in Figure 5.7 that,
for the same duration time, the ITC in the dried samples is
iess than that in the slurry samples. This indicates *hat
the ITC evaporated during the freeze-drying process. A
similar observation was recently reported by ?aik et al.
(154) on the reduction of tne nitriles in the meal after

freeze-drying.
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TABLE 5.2

EVAPORATION TEMPERATURE ON THE REMOVAL OF THE ISOTHIOCYANATES

W/M ‘Time Drying|BIT*(mg/g solids)|PIT**(mg/g solids) ITC{mg/g solids)|ITC #

Ratio |{h) Temp. x Re-
- (°C) | Slurry Ory Slurry Dry Sturry Ory moved
3:1 * 28 .0619 .0571 .0055 .0008 .0674 | .0580 [.0094
3:1 17 28 .0460 0323 .0028 .0018 .0488 | .0341 . 0147
3:1 2 28 .0351 0143 .0038 4 .0038 .0389 | .0181 |.0208

3:1 3 |. 28 .0150 ;0065 .0040 0 | .OléO .0065 |.0125
3:1 4 28 .0137 0064 .0027 g ~.0164 | .0064 |.0100
.0032 .0007 0 .0120 | .0032 |.0088

3:1 5 28 L0113

»

o 4 :U

Butenyl isothiocyanate
Pentenyl isothiocyanate
ITC = BIT + PIT

= ITCS]urry - ITCqry
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ITC* (ma/g

W/M |Time |Drying{BIT*(mg/g solids)|{PIT**(mg/g solids) ITC #

Ratio |{h} Temp. solids) Re-
(°C) moved

STurry Ory Slurry Ory Slurry Dry
3:1 % 55 | .2049 | .0561 | .0031 .0014 | .2080 | .0575 |.1513
3:1 % 55 | .0619 | .0256 | .0055 0 0674 | .0256 |.0418
3:1 1 55 | .0460 | .0104 | .0028 0 .0488 | .0104- |.0384
3:1 2 55 | .0351 0 | .0038 0 .0389 0 .0387
(31 | 3 55 | .0150 0 .0040 0 .0190 0 .0150
3:1 | 4 | s5 '_ .0137 0 .0027 0 0164 | o  |.0l64
3:1 5 55 | .0113 0 .00¢7 0 .0120 0 .0120
4:1 1 55 | .0913 | .0246 | .0043 .0046- | .1956 | .0292 |.1664
4:1 3 55 | .1370 | .0164 | .0040 0 1410 | .0164 |.1246
4:1 1 55 | .0839 | .0077 | .0u43 0 .0882 .pof7 .0805
4:1 | 2 | s5 | .o088 | 0 0 0 .00ge | 0 |.0088
a:1 | 3 | 55 | .o061 0 0 0 0061 | 0 |.0061
4:1 4 | 55 | .0049 0 0 0 .0048 0 .004$
4:1 5 55 | .0027 0 0 Q, 0027 0 .0027
1

Butenyl isothiocyanate
Pentenyl isothiocyanate

ITC = BIT + PIT

= ITCsiyrry - ITChry
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\

W/M | Time |Drying[BIT*{mg/g solids)|PIT**(mg/g solids)| ITC* (mg/g ITC #

Ratio {(h} Temp. solids) Re-
(°C} moved

STurry Dry STurry Ory Slurry Ory

5:1 3 55 .2147|  .0603 | .0043 .0033 | .2190 | .0636 |.1554
5:1 3 55 .2129| .0141 | .0031 0 2160 | .0121 |.201
5:1 1 55 .0903| .0066 | .0037 0 .0940 | .0066 |.0874
5:1 2 55 .0261) .0047 | 0083 0 .0304 0 |.0304
5:1 3 55 .0044 0 .0008 0 .0051 C |.0051
5:1 4 55 .0027 0 .0009 0 .0036 0 1.0036
5:1 5 55 .0035 0 0 0 .0035 0 [.0035
10:1 ¥ i 55 .26361 .0481 | .0072 0 .2703 | .0831 |.2227
10:1 1 55 .1423  .0323 0 0 21423 | .0323 |.1100
10:1 2 55 .1177]  .0207 0 0 1177 | .0707 |.0970
10:1 3 | ss .0578] .0168 | 0 0 .0575 | .0168 |.0410

He +

Butenyl isothiocyanate
PentenyF iscthiocyanate
ITC = BIT + PIT

= ITCs1yrry = ITCgry
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Figure. 5.7. ITC in MEAL SLURRY BEFORE AND AFTER
FREEZE DRYING at 28°C '




- 125 -

The results of this investigation (as shown in
Table 5.2 and in Figure 5.7) suggest that the ITC reduction
is mainly due to its reaction with the protein, such that a
small amount (0.0088 to 0.0208 mg/g solids) evaporates

during the freeze-drying.

It should be noted‘ that although the study of
detoxification by aqueous extraction did not progress as
planned, it was useful in pointing out that another detoxi-
‘fication method could be  developed by -inhibiting the |
reaction between ITC meal and pro?eiq, and then evaporating
the free ITC during freeze-drying. Also, since the stﬁdy of
the Agueous .éxtraction Method was abandoned, the planned

protein recovery from the extract was not investigated.

5.2 Acidic Medium Method

The acidic medium method is based on the conclusions
reached from the aqueous extraction method, that ITC could
be volatilized during the freeze-drying of the meal slurry.
To make ‘use of this conclusion, it was decided to subject
the meal to an aqueous treatment to hydrolyze its gluceo-

sinolates and then, without filtration, freeze-dry it.
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To facilitate expiaining the strategy followed to
achieve a maximum ITC removal, the <c¢hemical vreactions

involved are simplified as follows:

+ protein
—>» [TC ————»-ITC-Protein
hydrolysis
Glucosinolates >

Ly nitriles

From the start of the hydrolysis, the concentration
of the glucosinolates decreases exponentially, while that
of ITC rises up to a maximum and then decreases. However,
the concentration of ITC-Protein increases continuously
(114). Simultaneousiy, the nitriles' formation s
competing with that of ITC. The goal was to freeze the
meal slurry, in preparation for its freeze-drying, at the
time corresponding to the presence of a maximum amount of
free ITC (not reacted with the meal protein). A deter-
mination of these free ITC is explained below in Section
5.2.1. The strategy was to bring the molecular concentra-
tion of the ITC as close as possible to that of the
giucosinolates originally present in the meal by inhibiting
the reaction between the ITC and the protein, and by
reducirg the amount of nitriles formed. As mentioned in

Chapter 2, the increase in the W/M ratio would reduce the
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amount of nitriles formed and instead form ITC and OQZT.
Also, this increase would reduce the reaction between the
ITC and the protein by diluting ‘the reactants. This
reaction could be further reduced by hydrolyzing the meal
in an acidic medium. However, it 1is also known, as
mentioned in Chapter 2, that the acidic conditions would
increase the formation of nitriles. A compromise should

then be sought.

5.2.1 Experimental Procedure

Ten qrams of the meal in a 250 ml beaker were treat-
ed with W/M ratios of 3:1, 4:1, 5:1, and 10:1 at pH 4.5 and
at 25°C.' The beaker chosen had the same inside diameter as
~the extractor used in Sectioq 5.1 {63 mm) in order tc keep
the same experimental conditions. Fof the same reason, the
mixing of the solution with the meal and the duration of
this mixing were the same as in Section 5.1, except that a
time of 1 h was added. This time was added because, as can
" be seen in Table 5.2 for W/M ratio of 3:1, the ITC content
of the meal slurry after a treatment time of 4+ h was
already low at only 0.0674 mg/g solids (aqueously treated
freeze-dried meal). This indicated that a large amount of
ITC formed had reacted with the protein. Thus, it was felt

that at a lower time, more free (not reacted with the meal



- 128 -

protein) ITC may have been present in the slurry. Also,
for the ratio 10:1, only times of %,> 4, 1 and 1 h were
used. This adjustment in the conditions for the ratio of
10:1 was done because information from the other ratios
indicated that experiments with times over 1 h do not give
high ITC evaporation. The addition of the agqueous
solution, and the control of the temperature and pH, were

done in the same way as in the aqueous extraction procedure

described in Section 5.1.

For each W/M ratio, a sample of the meal slurry was
drawn at each treatment time. A part of the sample was
frozen in the deep-freezer at -50°C. Also from the sample,
a portion of the slurry containing 0.5 g meal was weighed
into @ 20 ml culture tube. Two.-ml of methylene chloride,
which contained an internal standard of 40 mg/1 butyl

isothiocyanate, and a 6 mm glass bead were added to the

contents of the tube. The tube was then shaken for 2 h
in a rotary shaker. The shaker was immersed in a water
bath with temperature controlled at 25°C (%0.5°C). After

the 2 bk shaking period, the methylene chloride was sep-
arated by centrifugation at 2500 rpm. The ITC content of

the meal slurry was then determined from the methylene

chlor:de by GLC and denoted ITCgyyrry-
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The frozen sampie was freeze-dried at a pressure of
less than 10 um for 24 h. The heat rack was controlled to
maintain a temperature of 55°C (this being a common
practice in industrial freeze-drying) in the meal after the
compiete sublimation of ice. The temperature was }ncreaSed
to 55°C from the 28°C used in Section 2.1, in aiming to
remove more [TC and to evaporate the nitriles (154) expect-
ed to be formed at this acidic condition. Another advan-
tage of this choice is that the toxicity of the meal solids
is reduced by drying them at 50°C (225). To 0.5 g freeze-
dried meal sclids placed in & 20 m? culture ﬁube, 2 ml of
methylene chloride, containing the internal standard, and &
6 mm glass bead were added. After mixing the contents for
5 min, distiiled water was added toc make the original W/M
ratio of the slurry before being dried. The tube was
shaken for 2 h at 25°C. The tube was then processed as
above and the ITC of the meal solids were determined and
denoted ITCgry. The wuse of the original ratic for the
determination of ITCqpy, served to keep all the parameters

in the determination of ITCS1urry and ITCqry the same.

It should be noted that the ITCgyyprpy is composed of
free ITC present at the time of taking the sample from the

meal slurry, and of [T resulting from the subsequent
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hydrolysis of g1udosino1ates, if present. The ITC4py fis
composed of free ITC that were not removed and the
unhydrolyzed glucosinolates, which are not volatile, if
present. Thus the evaporated ITC ;ould be calculated from
the -difference between the ITCgyyrpy and the ITCgry.
Results obtained are tabulated in Table 5.2 and depicted in
Figures 5.8 and 5.9. For purposes of comparison, the
results obtained in Section 5.1 (for meals treated at a W/M
ratio of 3:1 and freeze-dried at 28°C) were included in

these figures.

A single experiment was done with 10 g of meal,
using a W/M ratio of 10:1 and a time of 15 min, in order to
compare the amount of ITC collécted in the freeze-dryer's
condenser with that removed .-by freeze-drying (as obtained
by calculation from ITCgiyrry- ITC4ry). The freeze-dryer
and its <condenser were washed several times with aqueous
alcohol and methylene chloride until they were free of ITC
or any other aglucons, as tested by the GLC, and then
dried. After drying the frozen meal slurry, the refriger-
ation to the condenser stopped and the frozen condensate
was left to melt. Ten ml of aliquot of this condensate was
put into 2 20 ml éu]ture tube, and a 6 mm glass bead was
added iuto the tube. Two ml of methylene chloride contain-

ing the internal standard buytl isothiocyanates was added

“ D
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to the aliqucot. The contents of the tubé were shakzn in a
rotary shaker for 30 min to extract the ITC in the 10 m]l
distillate by thé methylene ﬁh?oride. Afterwards, the
methylene choride was separated from the distillate by
centrifugation at 2500 rpm. The ITC content of the extract

was determined by GLC.

The VOT and the nitriles caontent ¢of the dried meal
from this experiment were determined by the method of

ODaxenbichler et al. (49,50).

5.2.2 Results and Discussion

As shown 1in Figure 5.8, results cobtained at the W/M
ratio of 3:1 indicate that the meals dried at 55°C con-
tained much less ITC than those dried at 28°C. For ex-
ample, at the % h treatment time, the ITC remaining in the
meal solids after the drying at 55°C was 0.0256 mg/g,. and
for the 28°C was _0.0580 mg/g. Thus, an increase in the
drying temperature frcom 28°C to 55°C ;;su1ted in an im-
provéd removal rate of ITC. The ITC content of samples of
the meal soiids taken after 2 h and dried at 55°C was
negligible. This 1is exp}ained by the fact that it téok
1+ h to completeiy hydr51yze the' glucosinolates at 25°C

(182). Consequently there were no intact glucosincliates in
. . g
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the meal to give ITC upon determination. Also, the ITC
released up to 14 h was either evaporated in the drying‘

process .or reacted with the protein.

The results in Figure 5.9 thus indicate that in-
creasing the W/M ratio ét a treatment period of 15 min
increases the amount of the ITC evaporated. After this
time, the amount evaporated decreases considerably. For
example, for the ratio 10:1, the ITC removed was
0.2227 mg/g solids at the time of % h. However, at the
time of % h, it was reduced by about 50% to 0.1100 mg/g
solids. There was, however, an exception for the ratio of

5:1, where the amount evaporated attained a maximum of

0.2019 mg/g solids at % h.

; In the experiment done to compare the quantity of
(r [TC evaporated with that collected in the condenser of the
freeze-dryer, it was found that the total amount of the ITC
in the condensate was about 2 mg/g. This is almost equal
to the amount of ITC evaporated during the freeze-drying of
the 10 g meal 2.227 mg/g meal solids. Therefore, the
amount. of ITC «evaporated could be calculted from the

difference between the [TCs1urry and the ITCqpy.
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The VOT énd nitriles content of.the driea meal, from
the exper1ment dene g9n 10 g meal with 2 N/M ratio of 10:1,
was 0. 76 mg/g solids and O. 34 mg/g, respect1ve1y Increas-
ing the heating temperature during the drying -step to 70°C
from 55°C did not result in further reductions in the
amounts of nitriles. The preSencé of nitriles—n the dried
meal solids was a drawback for the Acidic Medium Method
because of their high toxicity. It was hoped that at the
drying temperature of 55°C, under pressure of 10 pum for
24 h, the nitriles might be removed. The results, however,
indicated otherwise. Furthermpre, since more nitriles were
expected to farm at 15°C than at 25°C, the investigatien
was not extended to the former temperature.

Erom the underétaﬁding acquired of the properties of
‘g1ucosin01ates and their hydrolysates, and the potential of
freeze-drying for the removal of ITC, the work to develop
the new method was carried out bearing in mind that the
formation of the nitriles should be eliminated during'the

detoxification of the meal.

5.3 Neutral Medium Method

in this method it was planned, not only to iahibit

the reaction betweenﬂiﬁs/}ﬁfhznd the protein, but also, as

=
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mentioned in Section 5.2.2, to completely eiiminate the
formation of nitriles. The nitriles a&e formed during the
hydrolysis of glucosinolates instead o$~the ITC (16,99} ana
VOT (225). Therefore, a reduction in the formation of the
nitriles would enhancen the detoxification of ‘the meal,
particularly, if the hydrolysis is properly cént}o11ed to
increase the maximum amount of the free ITC (Aot bound to
protein) in the meai which c¢ould be removed by freeze-

drying.

It was previously mentioned in Section 2.2 that
nitrile formation is reduced with pH, temperature; and ﬁ/M
ratio. . In addition, tﬁe hydrolysis of the glucosinolates,
and the reaction between the ITC and the meal protein,

increases with time.

A; also mentioned in Section 2.2, one way to sup-
_press the formation of nitriles is to heat the meal at 100
to 120°C prior to 1its aqueous ‘treatment. " However, as
thermal treatment of the seed denatures the meal protein,
the use of high temperatures was excluded from this inves-
tigation. It was decided to use W/M ratio, time, and-

température as the variables for the hydrolysis of the meal

glucosinolates prior to freeze-drying. The pH, however,
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was kept constant in the range of 6 to 7, which is that of

the meal in distilled water.

5.3.1 Experimental Procedure

A‘pre]iminary experiment was carried out on 1.0 g of
meal in a culture tube, provided with é Teflon-iined cap,
to determine if pH 6 to 7 of the neutral medium method
could lead to a nitrile-free meal. The temperature o%
hydrolysis, the time, and the W/M ratio were 25°C, 30 min
and 10:1, respectively. The hydrolysis time of 30 min was
chosen because Jt was found that in. the acidic medium
method at 25°C: a hydrolysis of aboﬁt 80-90% of the
glucosinolates was attained. A 6 mm glass bead was added
to the slurry and the tube was shaken in a rotary shaker.
After éhaking for 30 min, 2 ml of metgyiene chloride was
added, and the shaking continued for aﬁother hour.  The
emulsion was brcken after centrifugation at 2500 rpm and
the total nitrile content in the methylene chloride layer

was determined by Daxenbichler et al.'s method (49,50).

The nitrile content was found to be low at 0.02 mg/g
as compared to 0.34 mg/g for the acig method. Furthermore,

the amount of ITC was determined by a GLC for another



- 138 - St

samplie of 1 g .meal: uhder the same conditions, and its
amount in mhe mixturelwas found to be only about 0.07 mg/g.
These results indicate the possibility of suppressing“thé.
formation of the nitriles by hydrolyzing the glucosinolates
3t the pH range of 6 to 7, and also the need to optimize

4
the operating conditions to increase the amount of the free

'I7C.

To determine the effects of the three variables)_and
the optimum operating conditions on the ITC removal by
freeze-drying, a set of 18 runs was performed according to
a modified central composite design of Box-Wilson as
represented in Figure 5.10 {(25,85,157). The three vari-
ables (W/M ratio, time, and temperature) were coded and
represented by x1, X2, X3, respective]y.' The coding was

obtained from the fo]Iéwing equations:

Xy = Water-to-meal ratio (ml:g) - 12
4
Xp = Time (min) - 30

12.5

X3 = Temperature (°C) - 15
5
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Figure. 5.10 THE MODIFIED CENTRAL COMPOSITE DESIGN
AND THE ITC REMOVED (mg/g meal)
AT OPERATING LEVELS
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'™
These equations were derived as follows:

~

Coded value = Actual value - % (highest value + lowest)
2 (highest value - lowest)

{ f

4
'

The ranges of the variables studied were as foliows:

Water-to-meal ratid; from 4:1 to 20:1
Time (min) ; from 5 to 55
Temperature (°C); from 5 to 25

In preliminary experiments, & maximum time of 95 min
was used at a W/M ratio of 12 and at temperatures of 5 and
25°C. The amount of ITC evaporated was found to be Tow at
0.0299 mg/q meal and 0.0093, respectively. Thus, it was

decided to reduce the maximum time to 55 min. Complete

results of the runs at times of 95 min are presented in the

first two lines of Table 5.4.

.

The operating levels in coded Yorm are listed in
Table 5.3 (located in Appendix 14). The experimental runs
were randomized and oniy one run was executed per day to
avoid introducing systematic errors and bias in the

results.

-
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TABLE 5.4

MAXIMIZATION OF ITC EVAPORATION BY OPTIMIZING OPERATING LEVELS

W/M [ Time jTreatment|BIT*(mg/g meal)|PIT**(mg/g meal)|ITC*(mg/g meal)| ITCE
Ratio|[(min)|Temp.(°C) Re-
Slurry Oried | Slurry | Dried jSlurry | Dried |moved

12:1 95 25 .0166 | .0073 | - - | .o166 | .0073 |.0093
12:1] 95 5 {.0853 | .0254 | - - | .0553 | .0254 |.0299
12:1] 30 25 1471 | 1030 - - | 1471 | L1030 [.0441
12:1] 30 5 .1608 | .0561 - - | .1608 | .0567 |.1047
12:1] 55 15 .1001 | .0604 - Q| - 1001 | .0604. |.0397
12:1] 5 15 3494 | .23% | .0121 | - | .3615 | .23%6 |.1219
20:1] 30 5 11399 | 0706 . - | .1399 | .0706 |.0693
4:1| 30 15 .1213 | .0706 ; - | .1213 | .0746 |.0467
12:1] 30 15 .1302 | .0785 - - | .1302 | .o785 |.0517
12:1| 30 15 .1293 | .0714 .1294 | .0714 |.0580
12:1] 30 15 | .1363 | .0800 - - | .1363 | .0800 {.0563
12:1] 30 15 .1363 | .0765 ; - 1 .1363 | .0765 |.0598

. 9

Butenyi isothiocyanate
** :  Pentenyl isothiocyanate
BIT + PIT

ITCsiurry = ITC4ry

.B.: ITC produced from hydrolyzing meal glucesinolates in neutral medium, as
shown in Table 3.1 for MAP N 150, is 1.52 mg/g meal. '
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| w/M |Time |Treatment BIT*{mg/g meal) |PIT**{mg/g meal)|ITC*{mg/g meal}| ITC#
Ratio|(min)|Temp.(2C) Re-
Slurry | Dried | Slurry | Dried |Slurry | Dried |moved
16:1 | 474 20 T | .1282 | .0774 - - .1282 | .0774 |.0508
16:1 | 473 10 L1124 | -0616 - - .1124 | .0616 |.0508
16:1 | 17% 20 .1901 .0800 - - .1901 | .0800 |.1101
16:1 | 17% 10 .2217 .1035 - - .2217 | .1028 [.118%
8:1 | 474 20 .1249 40846 - - .1249 | .0846 [.0403
8:1] 471 | 10 L1026 | L0422l - - | L1005 | 'fosea |.o0s04
g:1| 174 { 20 | .1708 | .0833 | - - .| -1708 | ge33 |.0875
8:1 | 173 10 .1952 | .0980 - - .1708 | .0833 {.0875
20:1 5 .2641 | .2565 L0103 | .0085 | .2744 | .2650 |.00%4
5%?I~n 10 5 _.2479 .2052 .0091 - .2570 | .2052 |[.0518

Butenyl isothiocyanate

Pentenyl isothiocyanate

BIT + PIT -

ITCs1yrry - ITCgry
ITC produced from hydrolyzing meal glucosinolates in neutral medium, as
shown in Tabl® 3.1 for MAP N 150, is 1.52 mg/q meal.

N
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TABLE 5.4 (cont'd)

]

W/M [ Time |Treatment BIT*(mg/g meal)|PIT**(mg/g meal)|ITC*(mg/g meal)| ITC#
Ratio|(min)|Temp.(°C) ” Re-
. Slurry { Dried | Slurry { Dried [Slurry | Dried |moved
36:1{ 5 17.0 L4264 | .2963 | .0158 L0075 | .4422 | .3038 }.1384
36:1{ 10 17.0 .3827 | .1835 | .0116 - .3943 | .1835 |.2108
36:1[ 15 17.0 L2927 | .1231 - - .2927 | .1231 |.1696
100:1| 15 17.0 .3190 { .1203 - - .3190 i1203 .1937
100:1} 20 17.0 . 2901 -1200 - : - .2901 | .1200 |.1701
100:1)8.83 20 L4054 | .2182 | .0106 - L4160 | .2182 [.1978
100:1] 10 20 .3440 | .1681 | .o0l23 - .3563 | .1691 |.1872
100:1| 15 20 .3059 | .1004 | .0075 - .3134 | .1004 [.2130
[
_* : Butenyl isothiocyanate
** : Pentenyl isothiocyanate
+ : BIT + PIT

N.B.: ITC produced from hydrolyzing meal glucosinolates in neutral medium, as
> shown in Table 3.1 for MAP N 150, is 1.52 mg/g meal. -

r—
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TABLE 5.4 (concluded) e
—
W/M |Time |Treetment|BIT*(mg/g meal) PIT**(mg/g meal)|ITC*(mg/g meal)| ITC#
Ratio|(min) |Temp.(°C) |—2 _ . —| Re-
Slurry | Dried | Slurry | Dried [Slurry | Dried moved
.[%50:1 3.88 25 .2794 § .0716 | .0066 (r-‘j\ .2860 | .0716 [.2144
hlSO:l 7 25 .3835 | .1517 | .0129 - . 3964 '.15}] L1447
150:1| 7 23 .4921 | .1828 | .0163 - .5084 | .1828 {.3256
150:1} 7 20 '] .4751 | .2700 | .0180 - .4931 | .2700 |.2231
$§0:1 10 20 L4178 | .2002 - - .4178 | .2002 |.2176
.150:1 5 23 .5100 | .3201 .Olé% . .5263 | .3201 |.2052
150:1| 8 23 .4627 | .2111 | .0200 - .4827 | _élll L2716
150:1] 7.5 23 L5737 | .2547 | .0206 - .5943 | .2547 [.339%
150:1} 8 23 | .5529 | .2887 .0167 - | .5696 | .2827 |.2809
150:1 7.5 23 .5857 | .2687 | .0195 - .6052 | .2687 |.3366
150:1} 6.5 23 .6109 | .3656 | .0224 - .6333 | .3656 |.2677
* : Butenyl isothiocyanate
** : Pentenyl isothiocyanate

+ ¢ BIT + PIT

e slurry = ITC gry

N.B.: ITL produced from hydro?yz1ng meal glucosinoiates in neutral medium, as
shown in Table 3.1 fog&yAP N 150, is 1.52 mg/g meal.

14
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For every run, 0.5 g8 of meal and a 6 mm glass bead
were placed in each of the three 20 ml culture tubes. The
tube; and'kheir contents were then brought to the tempera;
ture of the run by placing them in a water bath that was
maintained at that temperature for 10 min. Then, distilled
water at the same temperature was added %to the contents of
the tubes at. the operating W/M ratio. Afterwards, the
tubes were shaken in a rotary shaker immersed in the water
bath. After shaking for the Hesired time, 2 m1 of methyl-
ene chToride, at the same température, were added to one of
the tubes. The shaking was then contdnued for 4 h more. A
shaking time of 4 h was adopted instead of the 2 h used in
the Modified Analytical Procedure (Section 3.3.6) and in
the Titerature (235). The 4 h period has been experiment-
ally determined as the required time to completely hydro-
lTyze the meal glucosinoletes at the lowest operating 5°C
(details in Appendix §9). At this temperature, the rate of
hydrolysis of the glucosinolates is the slowest of the
experimental design. To have a good basis for comparison,
the & h time was adopted for all runs. After this shaking
period, the methylene chloride layer was separated from the

aqueous solution by centrifugation’at 2500 rpm; it was then

© In runs where W/M ratios were 36:1 or more, the meal's
weight used was reduced in order to accomodate these high
ratios in the same 20 ml culture tubes.
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removed by a long-needie syringe and transferred to a 4 ml
vial. The ITC in the extract was determined by fheJGLC

method and denoted ITCgyyrry-
<

The contents of the other two tubes were poured into
a beaker, placed in a deep-freezer at =2 temperature of
-50°C and left there until frozen. They were then freeze-

dried at 55°C, as mentioned in Section 5.2.

s One-halg g (or the same weight used iniéia]]y) of
the dried meal was placed in a culture tube similar to
those ortiginally used in the runs. A 6 mm glass bead and
2 ml of methylene chloride were added to the tube. The
contents were shaken in the rotary shaker for 10 min. Then
distii]ed water was added to the contents of the tubes at
the same W/M ratio as the orig{naT run. Shaking was then
continued for 4 h. The methyiene chloride and the water
used had the same temperature as .the run. The pdtary
shaker was immersed!in the water bath. As for the ﬁlurry,
the methylene chioride layer was separated by centrifu-
gation and 1its ITC «content was determined by GLC and

denoted ITl4rjed-
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The removed ITC, deﬁoted Y, is the difference
between ITCglyrry and the ITCyried- Replicated runs at
the center of the design -had a standard deviation of
0.0035 mg/g meal 30lids at an average ITC removal of
0.0565 mg/g solids, which indicated that the experimental
results were well reproduced.

5.3.2 Results and Discussion

{he results are presented in Table 5.4 and Figures
5.10-5.16. The operating conditions in Figures 5.14-5.1§
are not coded to facilitte comparison. The resulting ITC
removed (Y} and its corresponding operating levels were -
reduced by 2 md]tip]e‘ linear régreSCion analysis to the

linear second order polynomial ‘model (85) of the form:

Y = Bo+B X +BpXp+B3X3+B1pX1Xp+B13X1X3+Bo5X X3

\ +B11X21+BppX2p4B33X23

e

where the Bs are empirical coefficients.

The model suggested above did not give .2 satisfac-
tory fit for the results of the 18 runs. This was ex-

plained from the, results obtained-for the acidic medium
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method temperature of 25°C in Figure 5.9. Considering the
fact that the curves should pass through the origin, it is
clear that the curves for ITC removal for the drying
.temperature of 55°C take ‘a Gaussian shape skewed to the
left and & great drop at 15 to 30 min. These curves were
obtained in an acidic medium where the reaction between the
ITC and the protein was inhibited. However, in the present
case, the pH was higher at a range of 6 to 7, which would
result in a more pronounced skewness and 3 greater drop in
ITC removal than at pH 4.5. After this sharp drOp, the

curve would have a much lower slope.

In view of this information, Figures 5.10-5.13 were
reexamined. This examination revealed that the high Y's
are c¢lustered about the center of the operating conditiqﬁ%
and the low Y's ‘re at the outskirts. These two levels
of y could be &QiJjeason for the poor fit of the model by
all the results. Since the aim was to maximize Y (the ITC
removed), the runs that had a low level of Y were elimin-
ated. These eliminated runs were the five Tohg operating
times of 47% and 55 min, and the ones with an operating

temperature of 25°C, thus making 12 the total points re-

maining to be fitted.

\ﬁ/
~ N !
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Three more experiments were done at operating condi-
tions which would help to shape the region of the maximum.

These points were at the following operating levels:

Xy X2 X3

Water-to-Meal Ratio Time (m¥n) Temperature °C
8:1 30 15
20:1 5 ° 5
20:1 10 5

The results obtained are represented in Table 5.4.

By adding these 3 new points to those 12, and fit-
ting the total 15 points-to the medel, the model obtained
was_véry satisfactery in repreéenting the po?nts. Adequacy
tests mentioned in the literature, (25,85)‘ confirmed its
appropriateness. The fitted model for Y {(the ITC removed)

is: -

¥ = 0.0568+0.0057X1-0.0902X,-0.0528X3

-0.0055X1X,~0.0481X5%X3-0.0289%X2»-0.0144%25

[
+

The Xs could have had negative or positive wvalues.
From <the model it can be seen that Y increases by in-
creasing X3 and decreasing Xp and X3,'which is noticeable

in Figure 5.14.

J
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"It can be seen in this model that the amount of ITC
removed is very dependent on timé Xo and temﬁerature X33
that is to say Y is sensitive to small changes in X, and

X3, and it was found that the coefficient of the former is

almost double that of the latter, for example:

Xo X3 Xzz X23
The coefficients 0.09 0.05 0.029 0.014

&

»

However, the coefficients for X; are much smaller
than_ those for X, and'X3, which indicates that a large

change in X1 is needed to affect Y.

The mpde] was then transformed to the canonical form
to locate the centre of the surface (stationary point) and
then deterimine new operating conditions which would give a
higher Y (ITC- remova1d. This mathematical treatment is
provided in the literature (25,85). The c¢anonical trans-
‘formation and the knowledge of the physical processes
involved were used to determine these operating conditions.
For example, the transformation predicted a very high Y at
zero time. However, a substantial hydrolysis would not
take place before 5 min, which was chosen- as the Tlower
Timit  for time Xj. Furthermore, the traﬁsformation

predicted a very high operating temperature and a corres-

L
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ponding below zero time, which is not feasible. These
problems could occur when working with an empirical model,
as the model represents the behavior of'the system in a
specific region and would not necessarily hold when eftra-

polated outside*it.

The neQ dﬁerating conditions chosen (which fwere
reached by model predictions and the physical knowledge of
the system) are: W/M ratio of 36:1, time of 5 min, and
temperature of 17°C. They produced a Y of 0.1384 mg/g
solids. Although this‘va1ue was larger than those obtained

before, there was the possibility that a 5 min duration was

not adequate to substantial’y hydrclyze the glucosinolates.

_Therefore, two runs were performed at times of 10 and 15

min for the same W/M ratio of 36:1 and temperature of 17°C.
The expectation proved to be valid, and Y was 0.2108 for
the former and 0.1696 mg/g solids for the latter. This
also proved that the ITC formation and reaction with the
meal protein were of a2 Gaussian type.
|

The process of maximizing the amount of Y (ITC
removed) continued sequentially as explained above, until a
maximum Y of 0.2447 mg/g solids occurred at a W/M ratio of

150:1, time of 7 min, and temperature of 25°C.
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The model fitted at this stage sugge;ted an increase
in the W/M ratio to incredse Y. However, fhig? was not
possible without sacrificing the accuracy and reIiabi]ity.
of the results, because the weight of the meal sample would
have had to be reduced to 0.05 g or less. Such a small
sample size is required since the volume of the tubes used
in this study was only about 20 m1. To aveid introducing a
change ﬁn the experimentaL conditions, a larger tube size

was not used.

 Another approacé was, therefore, taken which
required an assessment of the resuits obtained, particu-
lTarly at the ratio of 150:1. At this ratio, temperature of
20°C, and time of 7 min, a Y of 0.2231 wmg/g solids was
obtained, which s comparzble with the one previously

mentioned at the temperature of 25°C.

It was expected that the system under investigation
should be Gaussian: however, these two Ys were almost at
the same level. To have the Gaussian shépe, there is a
possibi1ity that a Y higher than bpth of these occurs in
between 20-25°C and time of 7 min. Also, since Y at gS’C
was higher than that at 20°C, if a higher Y exists, it
would probably be closer to 25°C than to 20°C. Therefore,

a run was conducted at a temperature of 23°C, a W/M ratio
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of .150:1 and a time of 7 min. The resulting Y was
0.3396 mg/g solids which 1is the highest obtaiﬁed and
fndicates that the approach taken was correct?' To confirm
the result, the run was repeated and a Y of 0.3366 mg/g
sotids was produced. These results are compiled in Table
5.4. The relation between the ITC removed as a function of

~

temperature is in Figufe 5.16, where the lcrge

increase is noticeabd

For the same W/M ratio of 150:1 and temperature of
23°C, runs were carrid out at duration times of 5, 6.6,
7.5, and 8 min, with the latter being repeated. The
results are shown in Figure 5.15, where the great increase
is very noticeable. This figure also clearly illustrates
the sensitive dependency of Y (ITC removed) on time. When
comparing Figures 5.15 and 5.16, it is obvious that the
system 1is more sensitive to time tﬁan to temperature, a
fact which was previously proven by the obtained model.
The available results were not sufficient to fit a model
wh??h would describe the system and include the sharp peak

that the response elicited.

The occurrence of this sharp peak may be explained

by the fact that the ITC formation rate is higher than the
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ITC reaction rate with protein up to a time of 7 min. AY
that point, the two become equal; beyond the 7 min, the

trend reverses.

Summéry

In the Neutral Medium Method, the amount Jf ITC

removed by freeze-drying was 0.34 mg/g solids. Thé opera-
ating conditions at which the -meal g?ucosinalates . were
hydrolyzed prior to the freeze-drying are W/M ratio .of
150:1, a time of 7 min, and a temperature of 23°C. The

freeze-dried meal treated at these conditions was free of

nitriles and retained its original yellow color.

o
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5.3.3 Economics Study:

It was decided to study the economics of a plant

using the Neutral Medium Method to ©produce dehulled

detoxified rapeseed meal (DOM). The basis and assumptions

of this ecqnomic study were made under the best possiblé
conditions to énhijce the economics of the procéss. The
market c&nsumﬁtion of the DDM would probably be a- few
thousand tonnes (t) per year. . Thus, it was assumed that

the plant would process 24 t/day.

Since producing the DDOM results in-o0il, and hulls
and fines fraction, th; plant would be attached to an
existing rapeseed crugher for the convenience of selling
these products to the crusher.

(

It is also assumed that after further research, as
recommended in Chapter 7, it would be possible to remove
water from the meal slurry by decantation before the
freezing step. Ajso, the decantation would reduce the W/M

. ratio from 150:1 to 2.5:1. The meai losses by the

decantation was taken to be negligeable. In addition, the .

duration of the freeze-dry?ng would be reduced from 24 to

12 h.
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Details of this economic study, its mass balance,
and energy reﬁuirement are presented in Appendix 20, which

also includes a Process Flow Sheet (Figure A.20.1).

The fd11ow1ng is a summary of the ecenomic¢ study and

the basis and assumptions used to calculate it:

‘/_p"‘,__

Basis:
1. Rapeseed and products from:
- Dehulling of 1 t rapeseed gives 0.7 t of meat and
0.3 £ of hulls and meat fines fraction. This fraction

is composed of 43% hulls and 57% meat fines.

- Defatting of the 0.7 t of meat gives 0.35 t of meal
and 0.35

ct

of oil. /ﬂ
- The 0.35 t of meal produces 0.35 t of DOM.

- Industrially produced meal (IPM) <contains 23% of

L

hulls.
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1}Prices "of rapeseed and products from the detoxication

process are presented below:

n o

’ -
L Matérial " Price A/t ~ Remarks
. , ] —
P . - rapeseed . 225 ~ contains 13% of hulls
- unrefined o017l 3 500 to be so0ld to the

crushing plant

- hulls égfines —_— 147 "priced for its meat
fraction \\‘*sﬁ__,\\ fines content in 4
.- proportion to that
T~ : of rapeseed - to be
t sold to crushing plant

oy

- IPM . 144 . &
. - ooM N\ 250 | oprice assumed higher
' - than IPM by 23% for
Ty having no hulls and by

an additional 25% for
being less toxic

T N— - \‘ | -
, AN

. N

* S
-

iN.B._Most.sources who supplied the prices and in%ormafion
used in Lhis econﬁmic analysis asked to femain anbpymous.
This s t@ Keep -the economics of thkeir companies and
?rushing pT;nts confidential.)

| _

rl

H

-
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2. Other Materials:

- Hexane is regovered from miscella in so>§e&%’?€€5very

units. However, the amount of hexane TJost %to re-

cycling is 1.5 kg/t of the meal produced. The price of

hexane is §0.50/kg.

! LS
- Water is needed at a‘ ratio of 150 t/t meéf
(52.5 t/h). An additional 5% is assumed to be néédéd
for 'otherswéképoses.‘ Thws total ﬁater needed s
55.13 t/hf%ﬁﬁé‘OSO tfy;)n' Thé price of water taken as

$0.10/¢t.,

Yy

3. Utilities:

- Steam was used to supply heat £o~evaporate the frozen
’ water of the meg] sTurry, to melt the ice accumulated

on the freeze-dryer condensers, to condition the seed,

N \

L
and to recover the oil. 5

- Electric power. :



\_~
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-,
N
\
!
Operating Period and Labour: _,/

L :

5.

!

- For maximum(@rofitability, it was decided that the
. : 3

plant would operate for three 8§ h shifts/day for 350

days/year. . : 3 {

- It was estimated tWa%t 5 operators are needed per

shift. N

N S

Equipment:

L

Types, number of units, and cost of equipment needed are

presented below in Table 5.5. As a safety measure, the
capacity of all equipment was chosen to be 10% more than
that needed. For the same reason, the number of units

s
were chosen to be not less than two. Because of the
A

iong residence time of 12 h, the freeze-drying units

o
wouTd be operated in a staggered manner.
i

<}

il
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TABLE 5.5

Details of Equipment for DDM ﬁlant

No. of Total 1987 .
Equipment Units -Capacity, Price
t/h $000
1. Seed Conditioning Unit 2 1.1 52
2. Seed Cracking Mil 2 1.1* 29
3. Dehuiling Unit 2 1.1 . 33
4, Solvent Extractor 2 3.08 2 700
& Solvent Recovery . ‘e
5. Desolventizer Toaster ] 2 0.97 800
6. Mixer 2 58.3 100
7. Decanter 2 58.3 400
8. Freezing-Belt 2 0.97 ¥ 500
9. Cold Room 2 0.97 500
10. Freeze-Dryer 8 ) 0.97 16 000
Sub Total - . ‘ 21 114
Equipment Priice
Taking cost of installation, centingencies, inst:rumen-
tations, and auxiliaries (boilers, motors, etc.) as 42%
of equipment price, then total cost of equipment in-
Istalled = $30C 000 000. Usually, higher factors are used
to cover such jtems. In this case, however, 42% was con-
sidered sufficient since the st of a freeze-dryer is
exhorbitant, - ™,
™
6. Building: \

The building to house the=plant was calculated to cost
approximately $2 000 000. This figure was arrived at on

the basis of a 40 000 ft2 plant costing $50.00/ft2.

Miscellaneous:
“

Information on other direct cdsts, such as packaging and

depr%tiation, is pﬁ?éented in Appendix 21.
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Ec;nomic Analysis:
¥
~

The economic nalysis is presented 1in detail in
Appendix 21 and it was ‘calculated with a proprfetory
finance model. Results of this anaTysié indicate that for
"a $250/t ODM, the 10-year-income year discount cash flow
(DCF)* return is only 2.12%. In spite of deliberately
enhancihg the economics Qi\the process, the analysis shows
that is not profitab]@; enough. It also indicates that
operating profits beforeh£axes are low at $2 091 800. |

J

From these results, it <can be conciuded that

-/

producing OOM by the Neutral Medium Method is not profit-
able enough. This conclusion remains the same even if the
ffprice of DDM is increased to $1 000/t. In this case, the
OCF and operatin§ pfofits are stiill unacceptable at 8.08%

and $4& 134 200, respectively.

-
» -

* DCF: The discount rate at which the present value of a
project's cash inflows equals that of outflows.

L)



CHAPTER &
SUMMARY AND CONCLUSIONS

The rapeseed mFal used in this study was obtained
from the Tower variety after dehulling and defatting. The
dehulling step reducg@ the fiber content iﬁ the meal to
about 4% from what woul® otherwise be about 25%. The solu-
bility of the_me$1 protein In aqueous solutions was studied
with a W/M ratio of 50:1. A pH range of 1 to 13 was used
at five different temperatures from 15 to 55°C at 10°C
intervals. _ The minimum protein solubilities .at these
temperatures (as percentages of the original protein
content) were 11.8, 14.2, 19.0, 26.2, and 30.2, occurring

at pHs 4.4, 4.5, 4.8, 7.0, and 7.2, respectively.

The meal retained its original yellow color at, and
in the vicinity of, these conditions for minimum protein
solubility. The results of this “salubility study were
needed %or #<he subsequent invgstigation on the removal of

isothiocynates (ITC).
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In the attempt to remove the ITC, three methods were
investigétéd: |
(i) Aqueous extraction method
(ii1) Acidic medium method

(iii) Neutral medium method

Aqueous Extraction Method

Thé experiments carried out in this method were
aimed at aqueously extracting the aglucons resulting from
the autolytic hydrolysis of ther meal's glucosino]gtes. To
qunimize'the loss of the meal's protein, the extraction was
done at pHs of 4.4 and 4.5, which corresponded to the
minimum protein solubility «conditions at the utilzed
temperatures of 15 and 25°C. Other extracticn conditions
used were W/M ratios of 3:1, 4:1, and 5:1, and treatment
times ranging from % h to 5 h. The extracted meals were
ther freeze-dried at a final temperature inside the meal
solids of 28°C. The ITC content of all freeze-dried meal
solids was low, largely because of the reaction of the ITC
formed from the hydrolysis of the meal glucosinolates with
the meal protein. However, it was noticed in experiments
carried out at a W/M ratio of 3:1 and a teﬁperature of
25°C, that a small amount of ITC (between 0.0088 and
0.0208 mg/g meal solids} was removed during the freeze-

drying step.
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Acidic Medium Method

Sinfe the extraction in the previous method did not
contribute to the removal of the ITC, it was omitted from
the further development of a detoxification method. I% was
decided to further investigate the removal of the ITC by
freeze-drying. . This investigation was Nifrried out at a
temperature‘of 25°C and a pH 4.5. To lessen the reaction
between the ITC and the protein, the range of W/M ratio and
treatment time was extehded ‘beyond that of the previous
method to include a 10:1 ratio and” 2 15 min time. To
increase the amount of ITC removed, the.freeze-drying Was
done at 55°C. This ratio and treatment time gave the
maximum ITC removal of 0.2227 mg/g meal for this method.
However, the hydro1ysatés in the acidic medijum resulted in
the formation of 0.35 mg/g of non-volatile nitriles. These
nitriles were formed instead of the volatile isothiocya-
nates and vinyl oxazolidinethione (VOT}. The VOT, like the
nitri]es, is not volatile. Hogever, its toxicity is about
1/8 that of the nitriles. Since it was expected that‘the
level of the nitriles formed would be even h{gher for.the
aqueous treatment temperature of 15°C, this temperature Qas

not investigated.

in this method, ‘there was no loss in the meal com-

ponents as determined grav%metica11y. )

"‘-"-7'.\.
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Neutral Medium Method

Since the formation éf the nitriles from the hydro-
lysis of the meal glucosinolates is re;uced at a high aH,
it was decided in this method to proceed with the agueous
treatment in‘ 2 neutral medium. W/M ratio, tim;, and
temperature were the -pangmeters studied in  this
investigatiof. These parameters were chosen because the
increase in W/M ratio and—temperature {up to 70°C) would
reduce the formation of the \nithi1es.. Howeverl, = the
reaction -between the ITC formed and the protein also
increases with temperature. Thus, an optimization of these
three parameters was needed to suppress the formation of
the nitriles, and the reaction between thea ITC and the
protein. This resulted in maximizing the amount of the
free ITC (not reacted with the meal protein), which could
then be removed by freeze-drying. To determine the
conditions for the maximum removal of the free ITC, the
exﬁeriments.were planned in a modified central composite
statistical design and optimized by mode]]iné according to
the Box-Wilson procedure. The initial rénge of..the three
parémeters studied were a W/M ratio of 4:1 to. 20:1, a
treatment time of 5 to 55 min, and a temperaturé‘of 5 to
25°C. 'The meal slurry was freeze-dried at 55°C. A maximum
ITC removal was obtained by sequentially optimiziﬁg the

results.,
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A maximum ITC removal of about 0.34 mg/g meal
occurred at a treatment time of 7.5 min, a ij ratio of
150:1, and a temperature of 23°C. The nitriie content in
the meal treated under* these conditions was not detectable.
This maximum ITC removal was found to lie on a sharp peak,
which is sensitive to changes in temperature and treatment
time. It was noted that the meal solids resulting from

these treatment conditions retained their original yellow

color.

},
Mcdification of Analytical Procedure -

N

In this research étudy, the widely used Youngs'
method for the analysis (by GLC) ®of volatile ITC in rap?-
seed meals was modified. The major features of the
moc¢ification were the use of. the endogenous myrosinase to
hydrolyze the meal gTucqsinolates, and the use of a high
W/M ratio of 150:1. The modified method (MAP) was found to
be reasonably accurate, having a coefficient of variation
of 4.48%. However, since thes use of the endogenous myro-
sinase is an essential modification, the modified method is

applicable only to meals whose myrosinase is not deacti-

vated. i
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Significant Contributions

‘The significant contribution of this work 1is the
opening up 0% é new approach for detoxifying rapeseed
meal. This new approach invé1ve§ the use of freeze-drying
to remove. the toxic volatile componeﬁts. Also, the
kndeedge gained gnd the conclusions reached in this
investigation could‘be extended to other seeds or research

fields.

As an essential part of this work, Youngs' method

for the analysis of the isothiocyanates content of rapeseed

meal was modified to simplify the procedure and provide a

better measure of the isothiocyanates level.
l

~5



CHAPTER 7

RECOMMENDATIONS FOR FUTURE RESEARCH
STUDIES

Completion of the current study suggested the
following areas , of research which could be worthwhile

pursuing:

1. Carrying out a kinetic study on the formation‘of the
aglucons frﬁm the hydrolysis of the meal glucosino-
Tates, 1in conjunction with tha reaction of the ITC~
with the meal protetin. This would also.-involve the
search for an inhibitor for the reactﬁon mentioned

&

, ¢&bove, thus allowing more available free ITC to be

removed by freeze-drying.

. Results of this kinetic study might Tlead to a
reduced W/M ratio to be used for hydrelyzing the
gtucosinolates. Also, me.hods” such as decantation

to remove water from the meal slurry prior to its
) 4
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freezing (in preparation for freeze-drying), could
be expilored. ?

Examining the application of the modified analysis

method (MAP) to rapeseced varijeties other than Tower.

Developing an ana]ytiqa] method that could simulta-
‘neously determine all the aglucons produced from the
hydrolysis of the glucosinolates of rapeseed qea].
Such a method could be halpful for the kinetic study

suggested above.

Searching for other wuses fdr the “removal of, or

separation of, materials by freeze-drying.

&

N
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APPENDIX 1

PREPARATION OF RAPESEED MEAL

Stefanson and Kondra (203) have developed the rape-

seed Brassica napus “"Tower®™ variety. This is representa-
tive of the so-called "double-zero" vériétieé which have a
low content of erucic acid and glucosinolates. The former
is part of the o011 and the Tatter exist in the rapeseed
meal {cotyledon and hypocotyl) (220). Both erucic acid
(14) and glucosinolates (165,220) are potentially harmful

to animals and human beings.

_ Tower rapeseed is composed of about 16% indigestibtle
fibers. These fibers come mainly from the hulls (cuticles)
which constitute roughly 13% of the meal. Therefore, a
dehulling step was essential to reduce the fiber content.
The dehulling was done by Or. J. Jones at the Food Research
Institute (FRI), Agriculture Canada. It should be men-
tioned here that this preparation procedure is essentially
that developed at the FRI by Jones and Holme (88). Thus,
prior to the dehulling step, the seed was conditioned to 2
moisture content below 8%. At thjs Tow moisture level the

potential of the hydrolysis of the glucosinolates during

thg oreparation is substantially reduced.

3
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The dehulling step consisted of coarsely cracking
the seed in a 20 cm Bauer Disc Mill fitted with splined
discs»and a variable speed drive. The speed of the rota-
ting disc and the space between the stationary and rotating
discs were adjusted so that of all the seed was fragmented
into coarse hartic]es without pulverisation or a build-up
of powdéred seed on the discs (17,87). The seed fragmenta-
tion, without grinding, prevented the hydrolysis of the
glucosinolates (161), thus eIimfhating the‘ inclusion of

sulfur in the oil (87).

The cracked seed was separated by air c¢lassifica-
tioq{ ggpab]e of separating 5 kg at a time, into two
fractions: a hull-free fraction which is called meat (70%
of the se%d) and hulls plus meat fines (30%). By selective
control o% the air flow through the classifier, which oper-
ated in a fluidized bed fashion, the hulls plus fines were
carried over in the air stream into a cyclone and coliect-
ed. The dehulled seed, being denser, remained in the fluid
bed bucket and was recovered. The air fTow was supplied to
the classifier by an industrial exhaust fan which could
produce 14 000 1/min at 200 mm static pressure when powered
by a 1 H.P. electric motor. A variable speed belt drive
provided speeds up to 4000 rpm. The classifier and its

operation are describéd in the work of Hergert (83).
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After removing the hulls (which constitute about 13%
of the seed), the resulting meat contained only about 2%
fibers. The meét was defatted in.a 10 L Soxhlet extractor
with food-grade hexane until the hexane passing through the
seed mass and draining into the boiler was colorless and
contained no 0i1. The duration of the extraction was abbut
24 h. The reason for this long extraﬁtion time was that
the filling of the Soxhlet's tube wuntil the syphoning
started was slow and took up to 2 h. This s16wness was
related to the capacity of the heating mantie used. The
ratio of hexané}to—meat, Just before the start of the
syphoning, was between 1:1 and 2:1. The defatted meat
(which is called meal) was drained of @exahe and the meal
was spread in shallow trays. As carried out by Finlayson
et al. (70), the meal was then air-dried for three days in
a fume hood tao remove the hexane vapour. Afterwards, the
remaining solvent was completely removed by wvacuum. The
pressure inside the container was below 10 mm Hg and was
appiied for 1 h at room temperature. ‘The meal was kept 1in
plastic containers which were flushed with nitrogen befcore
being tightiy closed. The containers were then placed in a
refrigerator containing a drying agent to keep them st a
low humidity inside the refrigerator. The moisture content
of the meal was always kept below 8%, as determined by

periodic checks. The meal was prepared under these mild
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conditions to prevent any denaturation of the meal protein
{189). The defatting and drying steps were carried out by
the author. Proximate analysis of the meal was done at
Agriculture Canada by the standard methods of the Associa-
tion of Official Analytical Chemists (133) and the results

are presented in Table A.l.

TABLE A.1l
PROXIMATE ANALYSIS OF TOWER RAPESEED MEAL

As received Dry basis
(%) (%)
Water content _ 7.75 _' ---
Fat 0.55 0.60
Nitrogen* 7.61 . 8.25
Protein (Np x 6.25) 47 .55 51.54
Fiber** 4.34 4.71
Ash §.39 . 10.18
Carbohydrate (by difference) 30.42 32.97

* QJone by the author. UDetails are in Appendix 6.

** Seed contains about 15% fiber (major part is from hulls)
and about 42% o0il (dehulled meat contains about 50%
0il). Thus, without dehulling the meal wouid have
contained about 25% fibers. ' :



APPENDIX 2

AMMONIA SPECIFIC ION ELECTRODE (149,i50,165)

The ammonia electrode used in this work was a selec-
tive gas-detecting electrode which senses the level of dis-
solved ammonia in aqueous solutions. Ammonia concentrations
can be read from calibration curves, or directly on a spéci-
fic ion meter. They can also be determined by a procedure
called the “Known Addition Method" wusing tables, or by
Gran's Plot Paper (speéia] graph paper dé§e1oped by Orion,

the electrode manufacturer). ' //f

The electrode can be wused to measure ammonia in
aqueous solutions, ammonium iJon (after converting it to
ammenia by adding a base), nitrate (after reduction to ammo-
nia), and organic¢ nitrogen (after Kjeldahl digestion of the
sample). Sample color and turbidity do not affect measure-
ments ahd samples need not be distilled. Anions, cations,

and dissolved species do not interfere.

The "Known Addition Prccedure" ailows samples having
variable ionic strength, and containing complexing agents,

to be measured. The procedure consists of adding a XKnown
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amount of the species being measured to a known value of the
sample and observing the resulting ch%nge in electric poten- -
tial. The original sample concentration can be computed as
previously mentioned from_tables or special graphs. Concen-
tration can also be read directly from the known fncrement

scale of a specific ion meter.
Theory of Operation (149,150) .o

The ammonia electrode wuses an hydrophobic gas-
permeable membrane to separate the sample solution from the
electrode internal solution, which is & high concentration
of ammonium chloridg. The ammonia of the sample solution
diffuses through fhe membrane until the partial pressure of
the ammonia, which js proportional to its concentration, 1is
the same on both sides of the membrane.

Ammonia diffused through’ the membrane reacts rever-
sibly with the water of the filling solution, according to

the following chemical equatiocn:
NH3 + Ho0 = NH4+ + OH™ (1)

The equiIibriup constant K3 of this equation is:
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‘K _ [NHg¥] [OH-]
1 [NH3] | {2)

The gmmonium ion concentration is considered constant

because of 1its presence in high _levels in the internal

solution. Accordingly, equation (2)®becomes:

[OH-] or OH- = Kp[NH3] : (3)

*2 7 T3]

where K, is a constant.

As the potential of the efectrode-sensing element is

-

Nernstian with respect to the H¥%droxidion level, which is
directly proportional to the ammonia concentration, the

electrode total potential Ej therefore 1is:

-

Ej = Eg + S log C3 (4)

where Eg = the portion of the total potential due to refer-

ences and internal solutigns.

§ = 2.3 RT/nF;

R {(the gas constant) = 1.987 cal/(g mole)(°K);

T is the témpérature in degrees Ké]vin;

n is the charge of the ion (including the sign);
C;y is concentration of the ammonia being measured;
F

(Faraday's constant) = 96487 coulombs.
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When the solution with a known condentration is
addedj it changes the total concentration to Cj. The
subsequent total potential of the electrode becomes Ez,
which is defined as:

/ -
Er = Eg + 5 log {f} + Cp) (5)

-

The potential difference, AE, is* obtained by
subtracting equation (4) from equation (5) and thus:
C2 ‘
AE = Ep~-E] = S Tog — . (6)
Ci ‘ ) 3

Rearranging equation (6) yiers:,q

-

=

C1 . q19- AE/S _
> 10 Q (7)

In the instruction manual of the ammonia electrode,
Orion Research Inc. values of A E versus corresponding Q
were calculated from equation (7). This table, a copy of
which is reproduced below, is used in the "Known Addition
Method" to find out the concentration of the ammonia (C3) of

the solution being measured.
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values of Q vs. AE at 25°C and with a 58 mv electrode slope

AE Q AE Q AE Q AE . Q AE Q
-5.0 0.297 9.0 0178 16.0 0.0952 25.0 0.0555 32.0 0.03%4
5.1 0.293 9.1 0.176 16.2 0.0938 2642 0.0539 32.2 0.0351
5.2 0.288 9.2z 0174 164 0.0924 234 0.0543 324 0.03487
5.3 0.284 3.3 0.173. 16.6 0.0810 24.6 0.0536 326 0.0343
54 0,280 94 Q171 16.8 0.0897 23.8 00530 328 0.0320
55 0.276 9.5 0.169 17.0 0.0884 25.0 0.0523 33.0 0.0338
56 0.272 9.6 0.167 17.2 0.0871 252 0.05%7 332 0.0333
5.7 0.268 97 0.165 17.4 0.0858 254 0.0511 334 00329,
58 0.263 9.8 0.164 17.6 0.0846 29,6 0.0505 335 0.0325
5.9 0.260 99 0.162 17.8 0.0834 258 0.0499 33.8 0.0336
6.0 0257 10.0 0.160 18.0 0.0822 26.0 0053 340 02319
6.1 0.253 10.2 Q.57 18.2 0.0811 26.2 _0.0488 342 0.0316
6.2 0.250 104 0.154 18.4 0.0799 ~265% 0.0482 384 00313
6.3 Q.23 106 0.153 18.6 0.0788 - 265 0.0477 346 0.0310
5.4 0.243 10.8 0.148 188 0.0777 258 00271 34.8 0.0307
6.5 0.240 11.0 0.145 19.0 00757 27.0 0.0468 350 00304
66 0.237 11,2 0.143 19.2 0.0756 272 0.0461 35.0 0.0289
67 0.234 114 0.120 19.4 0.0745 27.4 0.0456 <37.0 0.027%
6.8 0.211 11.6 0.137 19.6 0.0736 27.6 0.0450 38.0 0.0261
6.9 0228 1.8 0135 19.8 0.0726 278 0.0445 39.0 0.0249
7.0 0.225 120 0133 20.0 0.0716 78.0 0.0240 30.0 0.0237
7.1 0222 12,2 0.120 20.2 0.0707 28.2 0.0435°  41.0 0.0226
7.2 0.218 124 0.128 20.4 0.0698 28.4° Q.0431 420 0.0218
7.3 0217 126 0126 206 0.0689 28.6 0.0321 430 0.0206
74 0214 128 0.123 20.8 0.0680 28.8 0.0421 44,0 0.0196
7.5 0212 A3.0 0121 21.0 D087+ 29.0 0.0217 450 0.0187
7.6 0.209 13.2 0.118 21.2 0.0662 292 0.0412 460 0.0179
7.7 0.207 134 0.117 214 00654 ° 294 00408 47.0 0.0171
78 0.20s 126 0.115 21.6 0.0645 29.6 0.0s03 28.0 0.01863
7.9 2.202 138 0.113° 21.8 0.0637 29.8 0.0399 45.0 0.0156
2.0 0.199 120 0I12 22.0 0.0629 30.0 5.03%4 50.0 0.0149
8.1 0,97 142 0.110 222 0.0621 30.2 0.0350 51.0 0.0143
8.2 0.185 4.4 0,108 224 00613 30.4 0.0386 §2.0 0.0137
8.3 0.83 146 0.106 22.6 0.0608 06 06382 53.0 0.01:
8.4 0.190 14.8 0.105 22.8 0.0588 30.8 0.037 54.0 0.0125
8.5 0.188 158 0.103 23.0 0.0591 31.0 0.0373 55.0 0.0120
B.E 0.186 15.2 01012 22.2 0.0584 31.2 0.0370 56.0 0.0115
87 0.182 15.4  0.0997 23.4 0.0578 214 0.0368 57.0 0.0110
8.8 0.182 15.6 0.0982 23.6 0.0559 1.6 0.0362 58.0 0.0105
29 0.180 5.8 0.0967 238 0.0563 31.8 0.0358 £3.0 0.0101
-

NOTE: Known addition rables for other temperatures and cther electrode slopes

are available from the Technical Services Group at Orion Research.
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APPENDIX 3
PROTEIN DENATURATION (69)

Following a treatment so mild} that ordinary chemi-
cal comﬁounds remain unaltered, proteins undergo profound
changes ih many specific properties. These changes in
specific properties, characterizing the identity of pro-

teins, are collectively called "denaturation”.
Changes in protein properties after denaturation are:

1) Peptide bonds of the protein are more readily
available for hydrolysis by proteolytic enzymes;

2) Solubility is decreased;

3) Enzymic activity, if originally present, is de-
creased or laost;

4} Crystalization of the protein is no longer
passible;

5) Optical rotation of the protein solution is in-
creased;

6) Intrinsic viscosity is increased.

The in¢rease in intrinsic vicosity would suggest that
the protein molecule had unfolded and had become more asym-
metrical. This would expose more hydrophobic residues and

would decrease the solubility of the protein.

l poes not cause breaking of the protein's peptide bonds.
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The sensitivity of a protein to denaturation is
determinedlby the ease with which denaturing agents disrupt
the bonds that are esseﬁtia] to the maintenance of a three-
dimensional structure. Since proteins differ widely in
structure and in amino acid composition, their sensitivities
to denaturing agents, and the tyﬁes of alterations they
undergo, could be expected to vary. This means that compar-,

isons of the extents of their denaturation are difficult.

Denaturation can be defined as any modification of
the secondary, ;ertiary, or quaterrary structure of the f
protein molecule, excluding breakage'of the covalent bonds.
Denaturation is therefore a process by whicn hydrqgen bonds,
hydrophobic.interactions, and salt iinkages are broken and
protein is unfolded. In some instances the protein mole-
cules completely unfold and assume 2 randbm coil-type struc--
ture. Proteins in random coil structures could more readily
form aggregates. Although proteins are d%fficult to study
- in their native state, it is generally atcépted that native
proteins are those oprepared by -tha ﬁi]dest. extraction

methods possible.

Denaturation under differentrcondit{ons does not lead
to the same changes in a given protein molecule. For

exampTé, the denaturation of a protein'by heat "results in
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changes different from those produced by dilute acid or

atkali.

Denaturing agents may be divided into two classes,
physical and chemical. Heat is the mqst important physical
agent. The rate ;nd extent of protein denaturation is high-
ly dependent on temperature. Whereas for most chemical

reactions, the rate doubles for each 10°C rise in tempera-

.}
ture, with protein denaturation the rate increases about 600

fold for every 10°C rise in temperature. The effects of
denaturing agents can therefore be greatly reduced by work-

.

ing at low temperatures.

The water content of partially dried protein prepara-
tions has a great effect on the rate of heat denaturation.
Ionic strength, pH, and the type of 1igons present in the
sofution also affect the susceptibility of proteins to heat

denaturation. Most proteins undergo denaturation when heat-

ed over 50 to.6Q°C.

The pH of the medium has & profound effect on the
denaturation of proteins. Most proteins are stable within a
fairly narrow pH range, and exposure to pH values outside
this range often causes denaturation. Moving away from the

pH of optimum stability increases .repulsive forces within
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the protein molecule, These chanées'in ioni¢c forces favor
the unfolding of the molecule structure. If the resulting
structural.changes are not toa ext?éme, the protein often
can resume jits native structure when returned to the stable
pH range. Organic solvents, such as acetone and alcohol,
also cause denaturation of proteins, although their effects

are reduced at low temperatufes.
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MAILLARD REACTION {69)

The Maillard reaction is actually a complex group of‘

many reactions, its main feature being that the -amino acids,
peptides, and proteins condense with sugars and act as a
catalyst for the ‘reaction steps and form the dark brown
colored melanocids. Condensation occurs as the food is

heated and/or dehydrated.

Many different types of basic amino compounds can
condense with the acyclic carbonyl forms of sugars, amino
acids, peptides, and basic¢c amino groups of proteins when the
pid of the adjacent medium rises above the isoelectric point
of the amino compound. An exposed amino group of lysine
residue in proteins reacts like a separate amine.

Some melanoids are soluble in water and agueous alco-
hol, while others are nof. Their compositions and molecular
weight vary according to the reactants and reacting condi-
tions. USuaTTya they show reductone reducing power, even
after dia1ysis,' and antijoxidant activity toward Tlinoleic

acid in strongly browned ‘oods and dark beers.
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The chemistry of the Maillard reaction of sugars with
proteins is the least understood of‘a11 types  of browning -
reactions. '?resumably the sugar condenses, enholizes and is
dehydrated, but how it forms stroné bonds with protein re-

mains to be determined.

Studies invo1ving-the heating of purified proteins in
the pre§énce of reducing sugars have shown that percent
losses of lysine from globulin proteins are greater than

that from gluten proteins {containing much less lysine).

The iqhibifion of Maillard browning reactions is best
accomplished by keeping the pH below the iscelectric points
of the amino acids, peptides, and proteins; by reducing the
concentration of the reactants (for example, by diluting
with water); and by keeping temperatures as low as possible
during storage and processing such as freeze-drying {(97).
As the Maillard reactions vary more sharply in rate with
changing temperatures than does the dry{ng rate, the Teast
amount of melanoids are formed for a given amount of water
removal when freeze-drying is used (97). Freeze-drying also
inhipits the farmation of the melanoids because of the rela-
tively rapid transition from a fuily hydrated condition to a

low moisture {(97).
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KJELDAHL METHOD FOR DETERMINATION OF NITROGEN CONTENT
OF MEAL SAMPLES .

Ten millilitres! of the dissolved prdtein superna-
tant were mixed with 0.7 g of HgO, 15 g of powdered K25b4,
and 25 ml concentrated H»S04 'in a 500 m]l Kjeldahl flask. A
small funnel was put on the flask's mouth to act as a
condenser. The HgO and the K5S0q4 ﬁave'a cafa1ytic effect on
the'digestion of the meal components by HoS804, thus reducing
‘the time required for the digestion. The flask was then
heaéed to boiling in an inclined position, on a Kje]d[h]
heating rack, until thg contents became clear. After the

clearing of the solution, heating was continued for at least

30 min. The concentrated sulfuric acid converts the nitro-

gen of the protein into ammonia which is fixed by the excess

acid as ammonium sulphate. The flask was cooled and about
200 m1 of distilied Hp0 were added. The contents were
further cooled toc about 25°C and transferred quantitatively
te a 1 L volumetric flask. Distilled water was then added

to the 1 L mark.

‘1 or a known weight of the meal or meal solids.

.
PN



. . APPENDIX §
Table 4.1

EFFECT OF TEMPERATURE AND pH ON PROTEIN SOLUBILITY
AND COLOR OF MEAL ~

pH - Dissolved Nitrogen **
Color * of the
Temp °C | mg/g SD* % of meal after shaking
Initial| Final Meal | mg/g mealjoriginal+
| 0.12 | 0.19 15 22.5 | (2) 0.28 29.5 yellowish green
0.55 | 0.48 15 20.4 | (2) 0.11 26.8 yellowish green
0.56 | 0.70 15 20.8 | (3) 0.863 27.4 yellowish green
1.26 | 0.98 15 19.1 | (2) 0.00 25.1 pale yellow
1.20 | 1.38 15 16.6 | (2) 0.21 21.8 light grey
1.3¢ | 1.71 15 13.6 | (2) 0.00 17.9 pale grey
1.63 | 2.24 15 10.5 | (2) 0.03 13.8 pale grey ~
1.74 | 2.35 | 15 10.1 1 (3) 0.36 | 13.3 | yellow
1.85 | 2.88 15 11.0 | (2) 0.03 | . 14.4 yellow
1.91 | 3.63 15 1.3 | (3) 0.85 13.5 yellow
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pH Dissolved Nitrogen **
Color * of the
o Temp °C | mg/g So* % of meal after shaking
Initial} Final Meal | mg/g mealjoriginal+
1.95 | 3.72 | 15 10.3 | (3) 0.45 | 13.5 vellow
2.00 | 4.26 15 9.6 | {2) 0.08 | 12.6 yellow
2.24 | 4.63 15 9.3 | (3) C.16 12.2 yellow
2.53 | 4.92 15 10.1 (2) 0.11 | 13.3 yellow
3.1 | 5.61 15 11.9 | (2) 0.08 | 15.5 yellow -
3.78 | 5.84 15 12.7 | (2) 0.00 | 16.7 [ yellow
4.25 | 5.97 15 13.0 | (2) 0.24 | 17.1 yellow
. 6.02 | 6.09 15 12.6 | (3) 0.19 | 16.5 yellow
10.90 | 8.08 15 16.3 | (2) 0.11 | 21.4 yellow
11.66 {10.74 15 24.9 | (2) 0.00 | 32.7 pale green
12.43 112.45 15 29.5 | (4) 0.84 | 38.8 greenish yellow
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TABLE 4.1 (cont'd)

pH : Dissolved Nitrogen ** B
Color * of the
Temp °“C | mg/g SD* % of meal after shaking
Initial] Final Meal | mg/g mealjoriginal+
0.78 | 0.91 25 24.7 | (4) 0.53 32.4 grey
1.17 1 1.38 25 21.1.1 (3) 0.23 27.8 grey
1.96 | 4.30 25 11.1 | (3) 0.19 14.6 yellow
2.32 | 5.11 25 11.3 | (2) 0.11 14.8 . | yellow
2.73 | 5.72 25 - 12.4 | (3} 0.06 16.3 yellow
3.66 | 6.10 [ 25 13.1 | (2) 0.00 | 17.2 yellow
4.98 | 6.16 25 131§ (3) 0.18 i7.2 yeliow
5.69 | 6.17 25 13.2 | (2) 0.04 17.4 yellow
5.82 | 6.17 25 13.2 | (3) 0.10 17.4 yellow
10.78 | 6.50 25 14.8 | (2) 0.07 19.4 yellow
11.83 | 9.80 25 ©19.7 | (2) 0.77 | 25.8 light green
13.02 [12.97 25 25.5 | (2) 0.14 33.5 dark green
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pH Dissolved Nitrogen **
Color * of the
Temp °C | mg/g SD* % of meal after shaking

Initial{ Final Meal | mg/g mealjoriginal+

o 2

1.30 | 1.13 35- 29.7 | (2) 0.00 39.0 grey

1.00 | 1.38 35 30.6 | (2) 0.25 40.2 pale grey

2.00 § 4.13 35 15.9 | (2) 0.07 20.9 yellow

2.20 | 5.12 35 15.2 | (2) 0.0G 19.¢ pale yellow

3.02 { 5.87 35 “17.1 ] (2) 0.14 | ¥ 22.5 pale green

5.50 | 6.10 35 17.3 | (2) 0.00 22.8 pale green
11.50 | 7.31 35 18.5 | (2) 0.00 24.3 yellow

13.05 [13.30 35 32.5 | (3) 0.6l 42.7 brownish green




TABLE 4.1 {cont'd)

- 215 ~

pH ) Dissolved Nitrogen **
Color * of the
Temp °C | mg/q SD* % of meal after shaking

Initial| Final ‘y Meal | mg/ meal |original+

0.98 | 0.98 45 32.7 | (2) 0.14] 42.9 reddish yellow

0.99 | 1.08 | 45 31.8 | {2) 0.28] 41.8 reddish yellow

1.23 | 1.39 | = 45 31.8 | (2) 0.28] 41.8 gre&:’

1.43 | 1.74 | - 45 31.4 | (2) 0.14| 41.3 grey

1.72 | 2.09 45 23.3 | (2) 0.00] 30.6 grey

1.78 | 3.06 45 22.0 | (5) 0.62| 28.9 yellow

2.22 | 4.55 | 45 21.5 | (3) 0.23] 28.3 yellow

2.74 | 5.47 45 21.5 | (8) o0.29] 28.3 yellow

3.20 | 5.77 45 21.0 | (2) o0.18{ 27.6 yellow

5.84 | 5.95 45 20.8 | {2) 0.18] 27.4 yellow

11.65 | 7.65 | 45 20.6 | (2) o0.11 27.0 greenish yellow
11.90 | 8.98 | 45 33.1 1 (2) 0.11] 43.5 green

12.20 |11.05 45 33.1 | (2) 0.14] 43.5 brownish green
12.53 [12.13 45 38.0 | (2) 0.39/ 50.0 brownish green
12.98 |12.82 45 34.9 | (2) 0.0, 45.8 | brownish green

l
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TABLE 4.1 (coqc]uded) L :
pH Dissolved Nitrogen **
Lolor * of the
Temp °C | mg/g SD=* % of meal after shaking

Initial| Final Meal | mg/g mealjoriginal+

0.95 | 1.05 55 36.3 | (2) 0.00 47.7 grey

1.52 2.07 55 30.3 | (3) O.gé 39.8 grey

1.66 |-2.68 55 26.8 | (3) 0.34 35.2 yellow

1.92 | 4.20 | 55 27.4 | (2) 0.25 | 36.0 yellow

2.13 | 4.85 55 26.1 [ (2) 0.25 34.3 yellow

2.33 | 5.18 55 25.5 | (2) 0.00 33.5 yellow

2.63 | 5.56 55 24.9 | (2) 0.00 32.7 yellow

5.71 q 5.95 55 25.5 | {2) 0.11 33.5 vellow

11.20 | 6.36 55 24.1 | (3) 0.35 _31.6 yeilow

11.71 | 7.90 |- 55 24.7 | (2) 0.11 32.4 greenish yellow
12.60 [12.30 55 42.3 | (2) 0.21 5.5 grey

13.20 |13.17 55 41.1 | (3) 0.96 54.0 dark green

* Qriginal ceclor of the meal 1s'ye11ow
** Original nitrogen content is 76.10 mg meal (wet basis)

+

Cissolved nitrogen {ma/g meal)
Uriginal nitrogen content (mg/g meal) X 100
Example: .
At a temperature of 559C and a final pH of 5.18, the dissolved nitrogen
was 25.55 mg/g meal. Thus:

Dissolved nitrogen, % of original = 25.55 X 100 = 33.51%
. 76.19

#30 of electrode measurements. The weight of the meal is on wet basis.
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APPENDIX 7
NITROGEN CONTENT CF MEAL i
Meal Weight AE Q Nitrogen content meal,
mg mV mg* Bx*
0.17651 -11.8 0.135 13.5 7.65
G.22755 -9.4 0.171 17.1 7.52
0.406656 -4.7 0.312 |  31.2 | 7.87

Q X 100. The 100 is a factor obtained from the ammonia
electrode manual. -

Wet basis

The mean of the nitrogen content in the meal is 7.61%
and the coefficient of variation is l.l1%.
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DETERMfﬁATION OF TOTAL GLUCOSINOLATES (AS ITC & OZT)
BY THE ULTRA-VIOLET SPECTROPHOTOMETERY

The procedure followed in this study for the deter-
mination of the glucosinates as their hydrolysates, ITC and
02T, is described in the literature (16,232,233,235).
Briefly, in this procegureT 100 mg of the heated meal was
weighed into a 4 ml screw-cap culture tube containing a & mm
glass bead. Two ml of methylene chloride, foj1owed by 15 ml
of distilled water was added to(the tube. The contents of
the vial were miked with the aid of a 6 mm glass bead in a
rotary shaker for .2 h at 239C. Afterwards, the emulsion was
broken by centrifugation at 2500 rpm. Fifty ulL of the
methylene chloride extract was added to 3 ml of 20% (by
volume) ammoniacal ethanol in a culture tube. The ammonia
is used to con@ert the ITC to their thioureas. The tube was
cappéd and the mixture was then heated for 2 h at 50°C in a
water bath. After cooling, the ultraviolet optical density
(0D) of the solution was determined by scanning it in a
double beam UV spectrophotomefer. The spectrophotometer
‘used was Bauscé & Lomb's model, Spectronic 210. The setting
of the .spectrophotometer was 0.1 volts fuf] scale, and the

ABS range from 0 to 2. The spectrophotometer was connected
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to a Fisher chart recorder, Recordall Series 5000. Tﬁe
speed of the chart was 5 cm/min. The maximum’® absorbance of
both the CZT and the thioureas is in the opt. al denéity of
245 nanometers (nm). The ITC themseTves do_nqt exhibit an
appreciable cptical density at 245 nm. Thus, it.is possible
to measure only the amount of 0ZT, if the ethanol uséd did
not contain ammonia. By subtracting this value for 0ZT from
that of ITC and 0ZT together, it is possible to cobtain the
amount of ITC.

The UV procedure was abandoned in favor of the

modified Youngs' GLC method develuped during this investiga-

. tion (see Chapter 3.3.6). This was done because of Tow

conce;t}ations of the ITC and CZT to be measured and because
the presence of other compounds interdéf#red with Ehe measure-
ments. An example of this encounteréd intérférence is.shown
in Figure A.8, where -an interfering peak, almost as intense
as that to befineasured, appears at ihe 'waye length of
225 nm., The interfering substances in the oy spéctrqscopic
measurements might have been‘the seed protein (Sd). It is
of interest to mention that Blake and ’Mariénchutk - (38)
indicated that the UV spectroscopy is not suitable for rape-

seeds that contain low levels df glucosinolates, such as the

Towar variety used in this investigation.

o2
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APPENDIX 9

FORMATION OF ITC FROM HYDROLYSIS OF GLUCOSINOLATES OF
RAPESEED AT 5°C AND 15°C

THe formation of the ITC was used as an indicator of
the progress of the hydrolysis of the glucosinolates. The
range studied wéé between 4% and 5 h. The hydrolysis W/M
ratjo was 12:1, as that for the runs carried out a 5 and
15°C in the experimental design presented in Chapter 5.3. -
Thus, 0.5 g of meal, 2 ml of methylene chloride, and a 6 mm
glass bead were placed in each of five culture tubes. The
~temperature of the added methylene chloride was the same as
that for the experiment to be carried out. The tubes were
then shaken for 10 min in a rotary shaker .immersed in a
water bath. The temperature of the water bath was con-

trolled to the temperature aof the run.

Afterwards, 6 ml of distilled water, also at a

temperature of 5°C, were added to each tube. The shaking
was then continued. At each time dinterval, a tube was
removed and then centrifuged at 2500 rpm. The methylene

chloride extract was separated from the agueous solution as

a result of the centrifugation. The methylene chloride
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extract layer was removed from the tube by a long-needled
syringe and transferred to a 4 ml vial. The ITC content of
the extract was determined by the GLC method (15). Details

of this method are in Chapter 3.

The results for 5°C are presented in Tahble A.9.1;

results for 15°C in Table A.9.2 and depicted in Figure A.9.

TABLE A.9.1 FORMATION OF ITC FROM HYDROLYSIS OF
GLUCOSINOLATES AT 5°C

TIME  BIT PIT ITC* SO
h mg/g meal mg/g meal . mg/g meal mg/g meal
3 0.0983 0.0049 . 0.1032 (3) 3.2 x 10-4
1 0.1944 0.0097 0.2041 (4) 4.1 x 10-3
2 0.3054 0.0150 0.3204 (4) 4.7 x 10°3
3 0.3378 0.0168 0.3546 (2) 1.9 x 10-3
4 0.3558 0.0186 0.3744 (2) 5.6 x.10-%
5 0.3480 0.0193 0.3673 (2) 7.8 x 10-%

* ITC = BIT + PIT
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TABLE A.9.2 FORMATION OF ITC FROM HYDROLYSIS OF
BLUCOSINOLATES AT 15°C

TIME BIT PIT ITC** D
h mg/g meal* mg/g meal* mg/g meal* mg/g meal#
$ - 0.1727 0.0081 0.1808 (3) 3.10 x 10-3
1 0.2849 0.0139 0.2988 (2) 0.42 x 10-3

1% 0.3527 0.0171 0.3698 (2) 0.45 x 10-3
2 0.3861 0.0189 0.4050 (2) 0.56 x 10-3
2% 0.3925 0.0195 0.4120 (2) 0.99 x 10-3
3 0.3975 ©0.0207 0.4182 (2) 4.81 x 10-3

* Dry weight
**x ITC = BIT + PIT
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Figure. A.9

TIME,h.

FORMATION OF ITC FROM HYDROLYSIS OF GLUCOSINOLATES
AT 5°C and 15°C, AS FUNCTION OF TIME.



APPENDIX 10

PRELIMINARY .INVESTIGATION ON THE EFFECT OF WATER-TO-MEAL
RATIO

As previously mnentioned, tne two groups of aglucons
of concern 1in this study, which are formed from the en-
zymatic hydrolysis of the g]ucosino]ates, are the nitriles
and the ITC (0ZT are cyclized ITC). Also, thHe ITC react
wnth the meal protein. This hydrolysis and the ITC
reaction with the protein couid be represented by the

following simplified chemical equation:

> ITC *Protein i7c.protein
Gluceosinolates 2

——= Nitriles

The strategy needed in the research work presented
in Chapter 5.3 (Neutral Meduim Method), was to aaximize the
amount ¢f the ITC present in the meal. That is to say, the
hydrolysis of.the glucosinolates would give a high yield of
ITC with the amount of the formed nitriles and the [TC-

protein being minimal.
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The Titerature search indicated that during the
hydrolysis of the glucosinolates, an increase in the W/M
ratio would increase the amount of the ITC formed (222,
225). Also, as can be seen in the above equation, the
nitriles ére competing reaction products with the ITC.
Thus, this increase in the amount of the ITC would reduce

the amount of the nitriles formed.

Furthermore, it was expected that the increase .in
the W/M ratio would reduce the rate of the reactior between
the ITC and the protein. This is because of the concentra-
tion of the reactants is reduced by the high ratio.

A

EXPERIMENTAL:

A preiiminary investigation was undertaken to deter-
mine whether the increase in the W/M ratic could achieve
the desired ITC maximization. Hence, the effect of in-
creasing the W/M ratic to 20:1 from 10:1 on the amount of
the free ITC (not bound to the meal's protein) in the meal
was studied. The investigation was carried out in dupli-
cate, at a temperature of 25°C and at hydrolysis timeg in
the range of 5-25 min. Experiments were not carried out

beiow 5 min because it was felt that longer periods were
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needed for the hydrolyzing water to-diffuse into the seed

and for the initiation period of the hydrolysis of the

glucosinolates.

The upper Timit of 25 min was adopted, because (as
was found in Chapter 5.2) it‘aTTows 2" substantial hydro-
Tysis of the glucosinolates. For examp]e,-from Table 5.2,
at 2 W/M ratio of 5:1 and a time of 15 min, about 80% of
the hydrolysis was completed. Furthermo}e, at the same

ratio and at the time of 30 min, the hydrolysis progressed

to about 95%.

s

The experiments were carried out in culture tubes.

. One half gram of meal (wet basis) was weighed into each of

k]
the tubes. A 6 mm glass bead and the desired amount of

distilled water, at a temperature of 25°C, were added to
the meals. The tubes were quickly sealed with their Tefion

lined caps and shaken by a rotary shaker which was immersed

in a water bath maintained at 25°C.

The shaking was maintained for the time during which
part of the formed ITC would have reacted with the meal
protein. Then 2 m1 of methylene chloride, containing
40 mg/L butylisothiocyonates as a marker, was added to the

tube to extract the formed ITC and fo prevent it from

further reacting with the meal protein. Shaking was

PN
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continued for up to & total time of 2 h (timed from the

moment of the addition of water).

Afferwards, the methylene chloride was separated
from the liquid mixture by centrifugation at 2500 rpm. The
methylene chloride layer in each tube was remo;ed with a
long-needled syringe and placed in a 4 ml vial which was
then capped with polyethylene caps. |

| -

The ITC content extracted by the methylene chloride
was determined by injecting 1 ulL 5; the solvent info a gas
chromatograph (GC). The conditdns of the GC were the same
as those used in the modified analysis presented in Chapter
3.3.6.

X

The experiments were repeated and the duplicated
results are presented below in Table A.10.a for the ratio
10:1, and A.10.b for the ratio 20:1. The amount of ITC in
these two tables is presented in Figure A.10. This figure
also includes the amount of ITC at time 0 for the ratio
10:1. This is the amount of ITC in the meal as determined

in Appendix 13 for the ratio 10:1.
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TABLE A.10
FREE ITC AS A FUNCTION OF HYDROLYSIS TIME AT THE TEMPERATURE OF 25°C
(a)
W/M Ratio 10:1

BIT PIT ITC** Wt
TIME mg/g meal ma/g meal mg/g meal mg/g ITC
. min 07 | 07 07 4 D 07 | Dp ) meal Wé mg/m meal
5 (0.3137(0.3174 0 0.0068| 0.3137(0.3242{0.0105{1.102 X 10-4| 0.3189
40 10.1951{0.19¢93 0 0 0.1951]0.1993;0.0042{1.764 x 10-5 0.1972
15 |0.1216(0.1227 0 0.1216]0.1227/0.0011{1.210 x 10-6{ 0.1222

20 10.1045|0.1023 ¢

o

0.1045!0.1023]0.0022!4.840 x 10-®| 0.1034

(]

0.0792(0.0809{0.0017[2.890 x 10-8] 0.0800

25 10.0792(0.0809 0

Standard deviation (SD)** = 3.698 x 10-3 mg/g meal.

* Dp is the duplicate number n

-,
** ITC = BIT + PIT
+ W= lDl - Dzl ITC
++ Calculated from the formula: e
Wl
-V (1%8)

K is the number of measured samples (5 in this case).

(“\
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TABLE A.10

(b)

W/M Ratio 20:1

FREE ITC AS A FUNCTION OF HYDROLYSIS TIME AT THE TEMPERATURE OF 25°C

BIT PIT ITC*=* Wt
TIME mg/g meal mg/g meal mg/q meal mg/g ITC
min D1 | 07 D1 07 D3 Do | meal W2 (l_,/ mg/m mea]
5 10.332G|0.3141{0.0058 |0.0083 [0.3278{0.3224/0.0054 |2.916 x 10-2| 0.3251
7.5 10.2799| - 0 0 |0.2799 - - S -
10 |0.2271]0.2205 V) ¢ 0.227110.2205 0.0066. 4.356 ; 10-3( 0.2238
15 10.1506{0.1472 0 0 0.1508[0.1472(0.0034 |1.155 x 10-5| 0.1489
20 10.1060(0.1099 0 0 0.1060[0.1099{0.0039 |1.521 x 10-5 0.6679
Standard deviation (SD)* = 3.526 x 10-3 mg/q meal.
v
* Dy is the duplicate number n
** ITC = BIT + PIT
T W= |Dp - Dpf of ITC
++ Ca]éuTated from the formula: _
- ' =W
SO =Y ZK (148)

Where K = thefpumber of measured samples (& in this case).
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Figure. A-10. AMOUNT OF ITC in MEAL SLURRY v.s.HYDROLYSIS
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From the tables and figure, it can be noticed that

for the hydrolysis times of;lO and 15 min, the amount of
\

ITC for the W/M ratio of 20:] is higher than for the ratio
10:1. The same can also g@‘ﬂoticed for the hydrolysis
times of 5 and 20 min. However, the difference 1is not
signifﬁcant, ﬁ;;;ib1y because fhe difference between the
two ratios was not large enough to have a substantial
effect (217,225). In spite of this, these preliminary
investigations point lout thap it might be possible to

increase the amount of free ITC in the meal by increasing

the W/M ratio.

e



APPENDIX 11
DESCRIPTION OF THE DEEP-FREEZER

The deep-freezer used in this study was co-designed
by the author and Mr. J. Gasperetti of the University of
Ottawa. The freeger was'subsequent1y manufactured at the
same university .by Messrs. j. Gasperetti, D. Roy, A.

Bonalido and D. Lefebvre.

The freezer is schematically shown in Figure A.11l.
As can be seen in this figure, the freezer was set up on a
cart having two shelves. These shelves were made of wood
with dimensions of 76 x 56 x 1.5 cm. The 5ottom.and top
shelves were at a distance of 20 cm and 64 cm from tﬁe
ground, respectively. * A 1/4 hp compreésor unit powered by
115 voltis AC electricity (made by Tecumseh, Model CAQT
1211K} was placed on the bottom shelf. The refrigerafion

gas used for this compressor was Freon 12.

The deep-freezer (a 2.5 cm thick stainiess steel
chambef) was pilaced on the tgp shelf. The inside dimen-
sions of the chamber were 56 x 29 x 1.5 cm. The chamber
was tinsulated on thewsides and on the bottom with 2.5 cm

styrofoam. The removable top cover of the chamber was of
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double-walled plexiglass. On the floor of the chamber,
there were six bronze rollers on a bronze bearing support.
The rollers were 3 cm in diameter and 50 c¢m in length. ,The
rollers were driven at a speed 6f 71 rpm, via be]tgf/gy 5
Borg motor pokered by 115 volts AC electricity. This
roller arrangement was to be used in {reezing materigls in
bottles. The bottles would be laid horjzonta1 Yy on the

turning rolls. The %>ugen material would thus form on a
large surface_and faci]i;ate the evaporation of its water.
The roller arrangement aliso served to support a doubie-
surface plexiglass tray. On this tray, containers other
than bottles could be placed. Culture tubes and vials
could be held by this tray by ;ecuring them in holes in the

top surface of the tray. The solvent medium in the chamber

was methyl alcohol.

The temperature of the solvent could be brought down
to -50°C by circulating Freon gas codTed }n the compressor
through a2 copper serpentine immersed in. the solvent. Prior
to passing through the serpentine, the Freon gas went into
a filter with a sight glass and thenﬂfo a control valve.
The valve controlled the flow of the Freon gas to bring the

temperature of the solvent to the setting on the tempera-

ture controller.
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A thérmocouple immersed in the solvent gave a feed-
back control signal to the valve. It was possible, by this
control system, to adjust the temperature of the sclvent to

the desired temperatures down to -50°C.

This deep-freezer operated reasonably well during

this study.
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APPENDIX 12
AMINO ACID ANALYSIS OF TOWER RAPESEED MEAL
The amino acid analysis of the meal protein was
~carried out aécording to the method of Spackman et al.
(186). Thus, two dupTicafe meal samples of 10 to 15 mg
each were weighed into 13 x 100 mm test tubes. The samples
were then mixed in the tubes with 1 ml of constantly boil-
ing hydroch]oric‘acid. Four drops of 5% phenol were added
to the mixture to prevent the oxidation of the amino acids
during the acid hycholysis of the protein. The contents of
the tubes were then frozen by placing the tubes in liquid
air.  Oxygen in the tubes was removed by flushing them
three times with nitrogen.  Afterwards, the tubes were
sealed and then heated in a rotary oven at a temperature of
110° €. After 22 h of heating, the tubes were opened and
placed in.a desiccator. The écid in the tubes was evapor-
ated by app]ying'vacuum to the desiccator. ®The contents of
the tubes were dissolved in 5.0 ml of 0.2 N sodium citrafe

buffer {(pH 2.2) and transfered to 5 ml volumetric flasks.

The buffer contained norleucine at a concentration
of 0.0787 g/L. The norleucine acted as an internal stan-
dard for the meal's amino acid determination. The sample

solutions were filtered and stored frozen in a deeb-
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freezer. Prior to analysis, the samples were melted and
dituted. The dilution was needed to give good readings on

.- !
the analyser's integrator.

One-half ml of each of the filtered samplersolutions

was injected into a Beckman Model 120 » Amino Acid Ana-

o

lyzer. The amino acids were separated and eluted in the
Analyzer on a single jacketed ;o1umn. The dimensionsgpf
the column were 460 x 6 mm (inside diameter). The column
was filled to a height of 339 mm with Amenex A-9 cation
exchange resin beads size 11 * C.5% manufactured by Beckman
Instruments.. The amino acids were eluted with a successive
series of three buffers A, B, and C (compositions and
specifications are in Table A-12.a)., The flow rates of the
three buffers were the same at 34 ml/h. The.temperature of
the buffers was controlled at 55°C by passing hot water
through the column's jacket. I \\ |
D ' .

Buffer A was used first untj] the elution time of
85 min, after which it was replaced by buffer B, This time
for buffer A allowed the following amino acids to elute:
aspartic acid, threonine, serine, glutamic acid, proiine,

glycine, alanine, valine, and cystine. Buffer B eluted

methionine, isoleucine, leucine, norleucine, tyrosine, and

S
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TABLE A-12.a BUFFERS' COMPOSITION

Buffer A B C

Na citrate, g 78.44 78.44 138.28
NaCl, g - - 549.08
Phenol, g 4.0 4.0 4.0
Isopropanol, ml . 80.0 80.0 160.0
Thiodiglycol, ml £~y 10.0 10.0 -
Senzyl ATcohoT,-mg;ﬁ - 40.0 ‘ -
Caprylic Acid, ml 0.4 0.4 °* 0.4
Constant Boiling HC1, m1  110.0 ~ 50.0 100.0
pH 3.10 4.00 5.32
Na Céncentration, N . 0.2 0.2 1.40

Buffers were prepared by dissolving the compounds in the

order given and made up to 4 L.

N

\,
]



- 240 - -

phenylalanine. Eleven minutes before ,t?e change from
~buffer B to buffer C, which occurred:at én(e?ution time of
120 min, the temperture of the water passing throygh the
jacket was rajsed to 60°C from the initial 55° d. The |
tempefature was increased to facilitate the separétion of :
tyrosiné from\pheny1a1anine. The change from buffer B to
buffer C occurred at an elution time f 131 min. The 60°C
column temperature w;s aiso maintained during the elution,
with buffer C(C, of the remajning amine acids lysine,

histidine, and arginine.

After the elution of the last amino acid at a time
of 209 min, the flow of buffer C was stopped and the column
was regenerated with C.2N NaQH solution which contains

0.25% EDTA for 4 min.

e

The column was the:hre-equi11brated by reducing its
temperature back to 55°C and by passing buffer A fo; 41 min
before the subsequent analysis. The total time of analysis
(which includes a 20 min delay periocd) and regeneration was
276 min.

. {
- The concentration of each eluted amino acid was

determined colorimetrically. The color was developed by

reacting the amino acids with ninhydrin 1in a nanobore

i
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reaction coil submerged in a boiling water bath. The
intensity of the color$s formed is directly related to the
amount of the amino acids. The ninhydrin used was dis-
solved in a solution of sodium acetate in ethylene glycol
monomethylether. Stanqgus chloride as an antioxidant was
added to keep the ninhyarine in a reduced state, which 1is

its reactive form. The flow rate of ninhydrin was 15 ml/h.

The intensity of the color formed was continuously
measured, at 570 gnd' 440 nm wavelength, with a single
1ow;v01:me cuvette (pathlength 6+6 mm). The reference base
line was produced by the integration. The colorimetric
readings were recorded by a Honeywell chart recorder Model

Electronic 16.

The amount of each ejuted amino acid was integrated
by a Beckman 125-integrator (model Systems AA Autolab).
The integrator was programmed to have a delay period of

20 min from the start of the elution with buffer A. ~
A standard mixture of amino acids (supplied by

Chromatographic Specialties of Brockville, Oq;.) was used

to calibrate the results of the analysis procedure.

3
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Calculation of amount of each amino acids.
Amount of am*ac acid in nmole/mg meal =

Integrated value {nmoles)
Injectea sample volume (ml)

x Total sample volume (ml) x dilution factor
Weight of hydrolyzed sample {mg)

5

x Expected integrated value.-for norleucine (nmoles)
Observed 1ntegrated valug for norieucine (nmoles)

The last term of this equation is a correction factor ob-

tained from the norleucine internal standard.

The values in this equation common to both duplicate
analyses ar2 the vclume of the injected~sample (0.5 ml),
the total sample volume (5 m}), and tﬁe expected integrated
value for norleucine (50 nm}. The other values specific
for each duplicate will be mentioned later whﬁ]e present-

[
ing their amino acid content.

. The results of this duplicate amino acid analysis

are presented in Table A-12.h.
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Table A-12.b RESULTS OF AMING ACID ANALYSIS

OF TOWER RAPESEED MEAL

Duplicate No.l

Duplicate Noc.2

Sample Weight, mg 12.84 18.0 :
Norleucine Correct 50.00 nmoles = 0.7583 50.00 nmales = 0.93¢7
Factor 65.94 nmoles 53.2L nmoles
Dilution Factor 5.24 5.25
~ Average
Amino Acid Elution|Inte- Amino Elution{Inte- § Amino amino
Time,"” |grated | acid, Time, {grated| acid, acid,
min |value, | nmele/ min |value,| nmole/| nmole/
nmole |mg meal nmole |mg mealimg meal
Aspartic Acid | 34.8 5.75 | 25.63 33.4 | 6.27 | 24.76 | 25.19
Thregnine 39.4 1.71 7.62 38.0 | 1.50 5.94 6.77
Serine 41.4 3.50 | 15.62 40.0 | 3.22 | 12.71 | 14.17
Glutamic Acid | 48.5 10.58 | 47.15 48.7 | 9.50 | 37.49 | 42.31
Proline 52.5 1.45/, 6.46 52.5 | 1.27 5.00 5.74
Glycine 67.0 6.65 | 29.65 65.8 | 7.62 | 30.08 | 29.87
Alanine 72.1 5.28 | 23.54 | 70.8 | 6.25 | 24.66 | 24.12
Valine 92.7 | 4.29 | 19,10 || 91.4 | 5.00 | 19.73 | 19.42 |
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Duplicate No.l
12.84

Sample Weicht, mg

Duplicate No.2
18.0

Norleucine (Correct 50.00 nmoles = 0.7583 50.00 nmoles = 0.93¢7
Factor 65.94 nmoes .23.21 nmoles
Dilution Facter 5.24 5.25
I
!
' Average
Amino Acid Elution|Inte- Amino {|Elution]Inte- | Amino | aming
Time, |grated | acid, Time, {grated} acid, | acid,
min [value, | nmole/ min Jvalue,| nmole/| nmole/
nmole [mg meal nmole |mg meal|mg meal
Cystine 100.4 | 0:98 | 4.37 || 100.2 | 0.95 | 3.76 | 4.07
Methionine 103.2 | 1.16 5.18 102.9 | 1.39 5.48 5.34
Isoleucine 108.9 | 2.86 12.74 108.7 | 3.19 § 12.60 | 12.67
Leucine 111.7 | 5.17 23.04 111.5 | 5.98 | 23.60 | 23.32
Tyrosine 121.0 | 1.73 7.704|( 120.7 | 1.91 7.55 7.63
Phenylalanine | 124.3 | 2.38 10.57 124.0 | 2.85 | 10.63 | 10.61
Lysine 171.5 | 4.02 17.90 170.8 | 4.05 | 16.01 | 16.96
Histidine 174.2 | 1.42 6.35 173.9 | 0.71 2.81 4.58
Arginine 183.2 | 3.85 17.15 1933% 4.27 | 16.87 | 17.02
Total fad 279.79 259.68 269.77
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APPENDIX 13

CALCULATION OF THE AMOUNT OF INDIVIDUAL ISOTHIOCYANATES
OBTAINED FROM THE GAS CHROMATOGRAM >

The amount of each individual isothiocyanate was

calculated from the following expression:
Isothiocyanaté content {mg/g meal) = — X — x C x V x —

where:

A 1s the 1integrated area of the iJisothiocyanate's peaks
(mv)

N is the number of carban atoms in Ehe alkyl part of the
isothiocyanates (4 for butyi- and butenyi- and 5 for
pentenyl-)

C 1is the concentration of the butyl! iscthiocyanate in the
internal standard (0.04 mg/ml)

V is the volume of methylene chloride (2 ml)
M is the weight ¢f the meal (0;1 g)

the subscripts 1 and 2 denote internal -standard and
sample, respectively.

A sample calculation is presented below for the results

obtained in Figure 3.1.



amount of BIT, mg/g meal

amount of PIT, mg/g meal

These results, in addition

tabulated below.

- L

(mg/g meal)

Replica #1
&

Rep@ﬁca #2

Replica #3

s, -

'Standé;d deviation (SD) = 0.0682 mg/g meal

-* ITC = BIT + PIT

- 246 -

49950 4

= X — x 0.04 x 2 x —
28880 4 //
2647 4

1]

28880 5

to two other repeats,

2 -—/‘\.

BIT | PIT

7

1.3837 - " 0.0587
1.4196 0.1503
1-4102 01378
2
N

Mean

(ﬁg/g meal)

Sum

(x)

: 1
X — x 0.04 x 2 x —

0.1

are

(mg/g meal)

-

1.5480

= 0.0587

ITC*

1.4424
1.5699

ra

4.5603
1.5201

72
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The determinztion of formed ITC from the hydrolysis
of the meal's. glucosinolates was also examined for the
W/M ratio of 10:1. The proced're followed was the same as

that for the ratio of 150:1, except the amount of meal used

was 0.5 ¢ instead of 0.1 g. The results are tabulated
below.
_{
BIT PIT ITC* (X)
\"\.. -
(mg/g meal) (mg/g meal) (mg/g meal)
Replica #1 0.4763 . 0.0220 . 0.4983
Replica #2 0.4816 . 0.0215 0.5031
Replica #3 - 0.4905 0 © 0.4905
Replica #4 0.4915 0.0144 0.5059
Replica #5 0.4972 0 0.4672
o —_—
Sum = 2.4950
Mean (x) = 0.4990

/

Standard deviation (S.D.) = 5793 x 10-3 mg/q meal.
) N ; 9/¢ \\

rl

/
[t can be seen from these two tables that the SD of
the ITC determination is reasonably gooa. This indicates

LY

that the modified analysis method is reasonably accurate.

¥

* ITC = BIT + PIT )

1

[



SAPPENDIX 14

Table 5.3

OPERATING LEVELS OF WATER-TO-MEAL RATIO, TIME,

AND TEMPERATURE IN CODED FORM

X7 X2 X3
(Water-to-Meal , .
) Ratio) (Time, min) '(Temp.’;ﬁ’
T: 7
Factohj%1 1 1.4 1
/’%m'is/\\ 1 1.4 -1
1 -1 1
1 -1 -1
1o 1.4 1
-1 1.4 -1
-1 -1 1
-1 -1 -1
Axial Points 2 T 0 0
-2 0 0
4] 2 0
0 -2 0
0 0 2
0 0 -2
Center Points 0 0 0
(RepTic&s) 0 0 0
0 0 0
{ 0 0 0




+

APPENDIX 15

13
MASS SPECTROSCOPY OF THE . ISOTHIOCYANATES )

i

3

LThe ITC resulting from the hy@ro]ysis of the gluco-
sinolates of three differeqt Tower rapeseed samples were
prepared essentially in the same manner as MAP (describéd
in Chapter 3.3.8). .Briefiy, the preparation conditions
.Wgre a W/M ~atio of 150:1, a time of 2 h, and a temperature
of 23°7C. The ﬁethyTene chloride used to extract the ITC
formed did not contain the internal standard Dbutyl
isothiocyanates because it waslnot needed. The methylene
chloride extract, thle being cooled, was reduced to

between 5 and 10% of its volume under a nitrogen current.

The mass spectrometer used was a VG Anmalytical 7070E
with a PDP8a data system. The ion sogurce was 70 ev and its
temperature was 200°C. The accelerating voltage was 6 Kv.
The gas chromatcgraph used was a DANI 3800. The tempera-

“ture of the injection port was 250°C. The injection was
done directly into a 6 ft glass coiumﬁ with an internal
diameter of 2 mm. The column was filled with 20% FFAP on
60/é0 mesh chrom W/HP. Five gL of the concentrated

methylene chlioride extract was injected into the column.

A

The idinitial temperature of the oven was 100°C and was,

L] -



- 250 -

maintained for 2 min. The temperature was increased in
increments of 10°C/min to 230°C; the ern was then cooled
down to the injtial temperature. A blank mass spectrum was
obtained and background signals were accounted for when,
reporting the fidentified compounds. It should be noted
that the identification of the compounds under discussion
are tentative.
)

Identification of the But-3-enyl Isothiocyanate (Molecular
Weight 113) ‘EN

~
~

The magég spectra obtained for the gas chromato-
graphic peak that was suspected to be but-3-enyl isothio-
cyanate had a molecular weight of 113. The mass spectra
Fér this peak and the percent height (relative abundance)
values of these spectra are presented in Figures and Tables
A.15.1, A.15.2, and A.15.3, respectively. The available
infor@ation in the 1{terature about the mass spectra of
but-3£€ny1 isothiocyanates (41,72,100,131) were used in the
analysis of thégg’ figures and tables. From the mass
spectra obtained, it can be concliuded that the dominant
cleavage is an allylic one, giving a base peak at m/e* 72
corresponding to the ion CHp=K*=(C=S; an allylic ion at

m/e 41 is also visible (relative abundance 4-6%). The
4

* mass/charge
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TABLE A.15.1

3

Nass Spectrum of But-3-enyl Isothiocyanate (Sample 1)

H93A.207 RT 0: 7: 8 26-0CT-84 TIC=789 AUTO GAIN=1000

CAL BASE INT.=15040  B/G SCAN=280 STATUS:if
ITC-D
. PEAK MASS %HT.
NO. _ MOD. -
2 26.3 - 3.12
3 27.2 18.24
5 29.0 4.00
12 35.1 0.63
14 37.1 1.03
15 38.0 2.73
16 39.0 21.53
19 41.0 .26
25 47.1 0.82
27 48.9 6.57
28 49.9 2.49
29 50.9 3.78
, 30 52.0 1.03
31 53.1 5.55
32 54,1 1.91
33 ' 55.2 24.14
39 59.9 z.21
29 ' 69.9 0.45
52 72.0 . 100.00
54 76.1 2.90
60 84.0 2.05
51 , ©85.1 7.33
66 98.0 0.50
70 . 112.0 2.40
71 113.1 59.73
72 114.1 3.51
73 115.1 2.36
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TABLE A.15.2 ‘

Mass Spectrum of But-3-enyl Isothiocyanate (Sample 2)

e \
H92A1.206 RT Q: 7: 6 26-0CT-76 TIC=741 AUTO GAIN=100

CAL BASE INT.=15693  8/G SCAN=400  STATUS:1E
ITC 4

PEAK . MASS AHT.
NO. i | M0D.

2 26.3 3.26

3 27.2 22.63

5 29.0 8.74
12 37.1 1.22
13 38.0 . 3.21
14 39.0 21.19
17 : 40.9 5.84
22 46.1 | 0.67
26 49.9 2.51
27 51.0 2.57
28 52.0 1.18
29 53.1 §.54
30 54.1 2.64
31 55.1 24.14
32 56. 1 0.66
36 58.9 0.96
37 59.9 2.94
46 69.9 1.12
47 71.0 0.66
43 72.0 99.99
50 74.1 3.94
52 80.0 0.48
58 85.1 7.74
65 j 112.0 2.40
66 113.1 59.01
67 114.1 3.82
68 115.1 2.15

(&3
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TABLE A.15.3

-

Mass Spectrum of But-3-enyl Isothiocyanate (Sample 3)

L

ROSA.233 RT 0: 7: 4 26-0CT-84 TIC=710 AUTO GAIN=100
CAL BASE INT.=14972 B/G SCAN=480 STATUS:1E
I[TC-0 REPEAT

=n

PEAK MASS . 2HT.
ND. MOD.
2 26.3 2.97
3 27.2 - 24.75
5 29.0 9.44
13 : 37.1 1.82
14 38.0 2.73
15 39.0 20.38
18 40.9 < 6.31
23 , 46.1 0.46
27 . 49.9 2.07
28 51.0 C 2,92
29 | 52.0 1.40
30 53.1 . 6.59
31 54.1 . 2.21
32 55.1 22.01
36 58.9 0.42
37 59.9 2.66
L 47 69.9 0.89
48 71.0 . 0.79
49 . 72.0 100.00
51 74.1 4.68
59 85.1 6.61
65 112.0 2.21
66 113.1 55.01
67 114.1 3.73
68 115.1 2.05
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-
g
4

parent ion (M+}, m/e 113 in agreement with the molecular.
formula CgHyNS®, was the second most abundant species
formed (rel. abund. 55-60%). Other important fragments
having relative abundances of about 20% gave signaTs at
m/e 27, 39, and 55, ,and are probably the vinyl ion
(CHp=C*H), the cyclopropenyl ion
HC=CH

and the ion CHp=CH-C*H-CH3, respectivly. The latter is
presumably formed from the primary fragment CHp=CH-CHp-C*Hj
via a- 1,2 hydride shift »to give a , more stable allylic

species. Others which were less abundant (relative abun-

dance less than 10%) can be assigned the formulae of an

Cethyl ion  (CH3-C¥*Hs, m’/e 29), a butadfeny) ion

\{CH2=C‘-CH=C+H) and a vinyl isothiocyanate ion'

(CHp=CH-N=C=S*, m/e 85).
p

1

Therefore, based on this analysis, it id evident
that the mass spectrum in discussion corresponds to the

compound but-3-enyl isothiocyanate.

Identification of the Pefif-4-enyl Isothiocyanates

‘

The mass spectra of the pent-4-enyl isothiocxa-

nates of three samples are shown in Figures and Tables
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& o :
A.15.4, A.15.5 and A.15.6. In these Figures and Tables, it
can be seen that the most abundant ionized fragment Ts fhe
allyd ign (CH2=CH-C+H2, m/e 41). Additional ions
identified are the M* (m/e 127 relative abundance 21.97 to
39.16) and the vinyl isothiocyanate ion"(CH2=CH-N¥C=S+,
m/e 85 relative abundance 15.18 to 31.61). ‘ These
~identified ionized fragments are characteristip of
.pent-4—eny] isoth{ocyanﬁte (160). Other major ionized
fragments appeared -in the mass spectra "of the three

samples, which confirm the identity of the compound under-

study to the pent-4-enyl isothiocyanates tabulated below:\

-

™~
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¢
-TABLElA.15.4 L~

Mass Spectrum of Pent-4-enyl Isothiccyanate (Sample 1)

993A.239h RT 0: 8:14 26-0CT-84 "T}C=267 AUTO GAIN=1000

) CAL BASE INT. —1471 B/G SCAN=480 STATUS:1E
: 1TC-D |
L\_q/f
' PEAK MASS ) HT.
NO. _ MOD.
- 2 27.2 8.36
) 11 . 35.1 . 6.12
T 16 ' .+ 39.0 40.38 T\
P 20 41.0 _ 100.00
27 . 47.0 1.8¢4
28 48.0 y 1.02
" 29 a0 48.9 58.46
31 ) 50.9 : 17.13
32 o 52.0 1.09
33 ‘ 53.1 . 24.47
- 34 54.1 2.99
: ¥ 35 . 55.2 10.06
& 46 . 67.1 ~40.72
“ 47 68.0 3.54
46 . 69.9 23.59
52 72.0 4.01 ==
63 N 84.0 _ 26.10
' 64 : "85.0 31.61
71 98.0 3.87
72 . . 99.0 28.08 .
.73 . 99.9 7.34
78 110.0 0.8&
79 112.0 0.95
82 126.0 25.02
83 _ 127.0 o 39.16
34 128.0 4.76
. 87 179.0 0.54
88 .. 181.8 1,63
7 ’ :
¥

(r%4

Camy
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F TABLE R.15.5

‘

Mass Spectrum of Pent-4-en&] Isothiocyanate (Sample 2)
H92A1.241 RT 0: 8:19 26-0CT-76 T1C=468 AUTO GAIN=1000

CAL BASE INT.=4333 B/G SCAN=400 STATUS:1E
ITC : .
PEAK _ MASS YHT.
NO. : ) I MOD.
3, K
1 26.3 ‘ 1.55
2 ; 27.2 25.87
g - 33.0 0.90C
11 35.1, 1.85
13 37.1 . 0.48
14 -~ 37.1 1.13
15 38.0 1.92
17 . 39.0 49,80
18 39.8 2.58
20 41.0 99.98
21 42.0 3.4¢4
25” 46.1 1.22
28 ~ 48.9 14.45
. 29 . 49.9 1.73
' 30 © 50.9 3.55
32 53.1 15246"
33 54.1 2.15
34 55.2 T 18.42 )
36 56.1 2.03 s
41 ¢ 59.9 7.68
45 65.1 1.13
46 66.1 2.05
47 A7.1 34.43
. 48 68.0 11.82
= 50 69.0 e 6.30
51 ) 6G.9 r 27.37
54 72.0 . 40.73
60 79.9 0.99
65 84.0 7.52
, 66 85.0 22.16
68 4 86.0 . 1.27
7 . 94.1 3,32
76 98.0 3.44
77 99.0 24.23
78 99.9 2.22
84 112.0 : 0.62
89 126.0 26.54
90 127.0 29.06
- 91 128.0 5.98
93 143.90 1.34
L :
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TABLE A.15.6

Mass Spectrum of Pent-4-enyl Isothiocyanate {Sample 3)
|
H95A.239 RT 0: 8:15- 26-0CT-84 TIC=665 AUTO GAIN=1000

CAL BASE INT.=7805 B/G SCAN=480 STATUS:1E
ITC-D REPEAT

PEAK MASS YHT. PEAK MASS %HT.
NO. MOD. NO. - MOD.
1 25.3 0.56 9 69.0 1.01
2 26.3 1.59 50 69.9 23.69
3 27.2 22.05 1 70.9 1.18
6 29.0 1.45 72.0 30.34
10 33.0 0.41 5 74.0 0.70
14 37.1 1.27 61 84.0 4.65
15 38.0 - 2.83 62 85.0 . 15.18
17 39.0 38.69 . 63 - 86.0 0.94
18 39.8 1.45 67 93.1 0.72
20 41.0 99.99 68 94.1 2.54
21 42.0 7.05 72 98.0 1.99
26 47.1 1.31 4 72 99.0 16.76
28 48.9 8.16 75 99.9 1.40
29 49.39 0.97 81 110.0 0.74
30 50.9 2.08 82 112.0 1.11
31 52.0 0.96 87 126.0 17.03
32 53.1 12.53 89 127.0 21.97.
33 54,1 3.16 90 128.0 2.52
34 55.2 ©10.45 92 . 143.0 1.11
35 56. 1 2.04 as 154.9 1.35
40 59.6 5.50 96 156.9 0.92
46 66. 1 2.92 97 179.8 6. 60
47 67.1 31.01 98 181.9 0.78
48 68.0 8.70 99 191.8 0.67
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Ionized Fragments of Pent-4-enyl

m/e

127

126

99

85

84

72

67

55

53

41

39
27

- 265 -

ad

Chemical form%}a z

o

CHp=CH-CHp-CHp-CHp-N=C=S {4F)

CHp=CH-CHp-CHp-CH=N*=C=5 (M-1%)

CHp=CH-CHp-N=C=S7
CHp=CH-N=C=S*

CYH=CH-N=C=5§

C*Ho-N=C=S

CHp=CH-CH-CH=CHy
CHp=CH-CH-CH3

CH2=CH—EH=CH+

CHp=CH-CHjp®
R " {Cyclopr 1
0 n

CHp=C*H (vinyl ion)

Isothicyanates

ion)
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Two mass spectra had a M* of m/e 461 {shown in
Tahles and Figures A.15.7 and A.15.8 and A.15.9}) and m/e
~175 (shown 1in Figures and Tables A.15.10 and A.15.11),
respectively. A search.of thé Titerature indicated that
these spectra might nave been 4-meth§1thiobuty1
isothiocyanate (CH3-S-[CHpJs-N=C=S, mole wt 161) and
S-methylthiopentyl isethiocyanate (CH3-S-[CH2]5-N=C=S, mole

-

wt 175).

identification of 4-methylithiobutyl Isothiocyanate (Mole Wt
161) '

The identification of the 4-methylthiobutyl isothio-
cyanate was done by comparing the mass spectra shown 5n
Figures and Tables A.15.8, A.15.12, and A.15.13 with those
reported in the literature (21,42,44,45,72,100).  The

identified ionized fragments for this isothiocyanate are:

m/e ion
161 M¥
61 (base peak) CH3-S-*CH
SH
|
115 [:jj?
72 CHp=N*=C=S
55 CqHy™
41 C3H5+
27 HCN*
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TABLE A.15.7
Mass Spectrum of 4-Methylthiobutyl Isothiocyanate
(Sample 1)
H32A.43C RT 0:14:56 26-0CT-84 TIC=882 AUTO GAI%=1000
CAL BASE INT.=3622 B/G SCAN=470 STATUS:iC
ITC
PEAK MASS ®HT. PEAK . MASS %HT.
, NO. MCD. NO. . MOGC.
'1 R
) 3 26.3 4.64 64 81.0 0.77
4 27.2 30.48 65 82.0 4.14
6 29.0 0.47 66 - 83.1 0.50
12 33.1 0,50 68 8§5.0 36.39
\14 35.1 12,23 6% 86.0 5.25
15 36.1 I %6 70 87.0 .20.02
17 38.0 1.27 74 89.9 0.44
18 38.0 16.23 79 96.1 1.16
21 41.0 25.65 82 98.0 1.27
22 42.0 2.29 g4 99.9 9.06
28 46.1 10.44 g6 192.0 7.58
29, 47.1 15.76 93 112.0 4.89
30 48.0 12.09 95 113.0 25.54
32 49.9 1.71 96 114.0 ¢ 11.49
33 51.0 1.89 a7 115.1 94.40
34 52.0 1.91 a8 116.0 7.21
35 53.1 8.78 99 117.0 5.74
36 54.1 10.60 105 126.0 0.83
37 55.2 38.85 106 127.0 1.44
38 56.1 5.58 107 128.0 2.26
3 57.1 8.97 109 131.0 2.46
40 58.1 4.89 112 134.1 0.44
42 59.9 5.77 114 136.1 0.47
43 61.0 100.00 117 145.0 0.64
44 62.0 2.32 118 146.0 6.32
45 63.1 5.41 120 148.0 0.86
47 64.1 0.83 121 149.0 2.32
49 67.1 3.2¢ 122 151.0 C.72
50 68.1 0.77 123 152.0 0.58
51 £69.0 - 0.86 124 161.0C 23.52
52 6S5.9 ~1.77 125 162.0 2.10
53 71.0 4.00 131 180.9 0.66
54 72.0 42,35 132 189.0 1.21
56 74.1 15.49 134 193.0 0.66
60 78.0 2.37 135 195.0 0.83
62 79.9 1.88 136 197.0 0.72
63 80.4 2.76

Fal
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TABLE A.15.8

Mass Spectrum of 4-Methylthiobutyl Isothiocyanate -

(Sample 2) .
H93A.434 RT 0:19: 4 26-0CT-84 TIC=620 AUTO GAIN=1000
CAL BASE INT.=1484 B/G SCAN=480 STATUS:1E
ITC-D :
PEAK MASS YHT. PEAK MASS YHT.
NO. MOD. NO. MOD ~
3 27.2 18.06 74 94.1 1.21
12 35.1 12.33 75 §5.1 $3.71
13 36.1 3.64 76 96 .0 1.15
17 35.0 10.11 80 98.0 4.99
20 41.0 15.63 81 95.0 0.47
25 46.1 6.54 82 99.9 7.88
26 47.1 11.73 . 84 102.0 1.62
27 48.0 8.22 86 104.0 0.74
28 48.8 7.55 88 108.0 1.08
30 50.9 5.19 90 109.9 2.16
31 52.0 1.42 91 110.0 1.89
32 53.1 7.61 92 112.0 2.49
33 54.1 4.85 93 113.0 27.45
34 55.2 40.90 94 114.0 <12.26
35 56.1 4.18 95 115.1 86.46
39 59.9 8.63 96 116.0 2.56
40 61.0 100.00 104 123.1 2.29
42 63.1 4,11 105 127.0 6.33
43 6£.0 1.55 110 133.1 3.64
47 67.1 4.04 112 135.1 4.78
48 68.0 1.21 116 146.3 0.67
49 65.0 5.93 117 147.0 4.25
52 72.0 21.56 116 149.0 15.70
54 74.0 21.56 120 150.0 1.55
56 76.1 1.55 121 151.0 2.90
57 77.0 1.62 122 157.1 1.82
60 79.9 0.88 123 1610 13.27
62 . 81.0 2.83 124 \162.0 4.25
63 82.0 2.56 130 178.0 2.43
66 85.0 38.75 131 189.0 2.02
68 87.0 13.07 134 193.0 3.03
69 88.0 14.02 135 195.1 1.68
»
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TABLE A.15.9

&2

\
)
3

'
"

Hass Spectrum of 4-Methylthiobutyl Isoth1oc anate

2 {(Sample 3)
HO5A.421 RT 0:14:52 26-0CT-84 TIC=1275 AUTO GAIN=1000
CAL BASE INT.=5950 B/G SCAN=480 STATUS:1E
ITC-D REPEAT.
PEAK MASS YHT. PEAK MASS YHT.
NO. | MOD. ND. MOD .
1 24.3 0.96 51 68.1 2.99
3 26.3 3.5] 52 69.0 3.56
4 27.2 38.672 53 69.9 3.39
6 29.0 6.18 54 71.0 3.56
7 29.0 12.10 55 72.0 60.24
8 29.8 1.31 56 73.1 12.74
9 30.9 2.22 57 72.1 20.55
11 33.0 0.86 58 75.1 5.39
12 33.1 1.33 59 76.1 2.13
14 35.1 9.78 60 77.1 1.14
16 37.1 1.60 61 78.0 3.60
17 38.0 '1.98 62 79.0 0.69
18 39.0 21.53 63 79.9 2.25
19 3978 4.24 64 80.4 2,79~
21 41.0 38.18 65 81.0 334
22 ° 42.0 4,10 66 82.0 4.12
23 43.1 7.63 67 83.1 0.99
24 43.1 2.55 68 84.0 3.23
25 44,1 26:87 69 85.0 41.48
27 45.72 20.39 70 86.0 6.55
28 46.1 8.49 71 87.0 25.01
29 47.1 16.59 72 88.0 4.10
© 30 48.Q 13.06 73 89.0 1.36
31 19.0 2.20 75 91.0 2.12
32 49.9 0.79 76 92.0 0.40
33 51.0 1.60 77 93.1 1.06
34 52.0 2.30 79 (95.1 1.65
35 53.1 10.94 80 - 96. 1 0.74
36 54.1 5.16 81 97.1 1.09
37 55.2 44.39 82 98.0 1.14
38 56.1 4.66 83 99.0 0.82
v 39 ] 57.1 10.96 84 99.9 5.88
40 58.-0 2.96 85 101.0 2.07
41 59.0 5.13 86 102.0 5.55
42 59.9 11.41 87 103.0 4.66
43 651.0 99.97 89 105.0 0.42
44 62.0 3.83 91 108.0 0.47
45 63.1 4.25 94 111.0 1.71
48 65.1 1.38 95 112.0 3.93
49 66/ 1 0.87 96 113.0 23.87
50° 67.1 \y3-83 97 114.0 9.66
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TABLE A.15.9 (cont'd)

Mass Spectrum of 4-Methylthiobutyl Isoth1ocyanate

. {Sample 3)
H95A.421 RT 0:14:52 26-0CT-84 TIC=1275 AUTO GAIN=1000
CAL BASE INT.=5950 ‘B/G SCAN=480 STATUS:1E
: ITC-D REPEAT y | .

PEAK MASS i YHT.
NO . ' - , © MOD.

98 115.0 : o+ 92,91

99 - 116.0 . 5.33

100 . 117.0 . 6.9¢4

101 | 118.0 : 1.31

102, 119.0 3.01
105 122.0 3 0.67
<1086 .7 123.1 Y o 2.44
_ 108 ' 125.1 : , 1.14
109 , 126.0 , - 0.82

- 110 . 127.0 0:54
111 128.0 ,\ 2.30

‘112 129.0 . . . 2.27

114 131.0 : 1.92

115 132.0 0-49

116 133.0 ' 2.96

117 134.90 0.96

118 135.0 1.13

121 138.0 1.68

123 139.0 T 0.79

125 141.0 0.44

126 143.0 0.40

127 _ 145.0 : 1.06

128 , 146.0 _ - 5.85

129 , 147.0 . 5.21

130 148.0 i 2.18

131 : 148.9 : 0.54

133 152.0 0.56

134 1 153.1 0.84

136 157.9 0.69

137 155.9 S 0.58

138 - 160.9 - 18.71

139 " 161.9 3.21

140 163.0 2.87

141 ‘ 164.0 0.55 .

} 142 E 165.1 , - 0.69
144 169.0 0.72

145 169.1 , 0.62

151 : 189,90 0.42

152 . 189.9 ' 0.44
154 192.9 . .0.86

156 197.0 0.91
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TABLE A.15.10

Mass Spectrum of 5-Methylthiopentyl Isothiocyanate

{Sample 2)
H92A.461 RT 0:16: 7 26-0CT-84 TIC=694 AUTO GAIN=1000
CAL " " BASE INT.=1304 8/G6 SCAN=470 STATUS:1E
ITC )
PEAK MASS SHT. PEAK MASS %HT.
NO. MOD. NO. MOD.
2 ..26.3 5.06 - ° 79 96.1 7.21
3 27.2 21.55 8l 98.0 8.05
5 29.0 - 11.20 82 99.0 2.91
11 35.1 5.75 83 99.9 . 2.30
13 37.1 ' 0.77 84 101.0 35.20
17 39.0 24.16 g5 1G2.0 3.83,
20 40.9 - 85,71 88 105.0 2.84
21 42.0 : 8.21 . 95 114.1 7.75
25 46.1 3.14 97 116.1 - 5.37
26 47.1 13.88 98 117.0 13.50
27 48.0 5.60 99 118.0 11.35
32 53.1 3.22 102 121.0 1.30
33 54.1 6§.52 104 126.0 . 4.98
34 55.2 23.85 105 127.0 9.66
35 56.1 4.29 106 128.0 9.36
36 - 57.1 1.84 107 128.0 . 23.24
37 58.1 2.68 108 129.9 4.83
39 59.9 5.14 109 131.0 4.91
40 51.0 100.00 111 133.1 4.52
41 62.0 11.73 113 136.0 §_056
42 £3.1 6.75 116 142.0 8.74
43 64.0 0.84 117 144.1 2.84
45 65.1 10.81 118 145.1 2.15
47 67.1 23.77 122 149.0 1.92
48 68.0 36.50 123 151.0 2.75
49 69.0 40.49 124 156.0 0.77
51 69.9 6.98 125 159.0 0.46
52 71.0 3.91 126 156.9 8.74
53 72.0 24.23 128 162.0 1.38
57 75.1 31.98 129 ~ 163.0 . 1.69
52 79.9 2.53 130 164.0 < 1.46
68 85.1 5.75 - 131 165.0 2.38
69 86.0 0.46 132 167.0 0.69
70 87.1 2.22 133 175.0 “27.15
72 89.0 1.84 135 177.0 3.22
74 9l1.0 13.19 136 178.0 0.54
75 g9z2.0 1.84 139 189.0 1.00
77 94.1 4.14 141 192.0 3.07
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TABLE A.15.11

Mass Spectrum of 5-Methylthiopentyl Isothiocyanate

(Sample 3)
H95A.457 RT 0:16:16 26-0CT-84 TiC=582 AUTO GAIN=1000
CAL BASE INT.=1602 B/G SCAN=480 STATUS:1E
ITC-D REPEAT
PEAK MASS %HT. PEAK MASS YHT.
NO.. MOD. NO. MOD.
1 25.3 2.06 56 77.0 4.37
2 26.3 1.06 " 59 79.9 1.50
3 27.2 33.58 60 81.0 3.68
5 29.0 10.05 61 82.0 4.37
7 30.9 9.24 63 84.0 0.56
9 33.0 0.94 64 85.1 5.62
10 /,»33.1“‘“‘-\g;§£\\\‘_ 65 86.0 3.68
12/ 35.1 > 66 87.0 9.55
14 / 37.1 3.56 577 88.0 9.93
15 | 38.0 2.75 69 89.9 1.87
16 N\ 39.0 23.72 70 91.0 6.68
19 41,0 68.41 71 192.0 3.25
20 42.0 12.05 72 93.1 2.50
22 44.1 32.77 73 94.1 3.43
23 45.1 14.04 74 95.1 6.12
24 46.1 0.75 75 96.1 10.17
25 47.1 12.98 - 77 97.1 1.25
26 48.0 6.24 78 98.0 3.31°
27 49.0 0.50 i 79 $8.9 . 5.68
29 51.0 1.44 81 99.9 3.62
30 52.0 4.68 82 101.0 21.47
31 53.1 4.06 83 102.0 1.75
32 54T 4.18 84 103.0 7.55
33 55.2 11.67 86  105.0 5.49
37 59.0 0.50 88 110.0 2.62
38 59.9 4.18 89 111.0 2.56
39 61.0 100.00 90 113.0 5.18
40 62.0 3.93 91 114.0 6.93
41 63.1° 2.93 g4 117.0 1.31
44 65.1 6.43 95 118.0 6.55
45 66.1 3.06 98 i21.0 0.62
46 67.1 19.10 99 122.0 2.81
47 68.1 26.28 100 123.1 2.62
48 69.0 32.46 102 125.1 1.75
49 69.9 712 103 126.0 0.81
50 71.0 1.50 105 127.0 119,10
51 72.0 35.96 106 128.0 8.11
52 73.1 2.00 107 129.0 18.41
53 74.0 7.87 108 130.0 1.62

W :{
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» TABLE A.15.11 {cont'd ‘ - -
Mass Spectrum of 5-Methylthiopentyl Isothiocyanate
(Sample 3)

H95A.457 RT 0:16:16 26-0CT-84 TIC=582 AUTO GAIN=1000
CAL BASE INT.=1602 B/G SCAN=480 STATUS:1E
ITC-D REPEAT

PEAK : MASS ZHT.
NO. MOD.
108 . 131.0 8.24
110 132.0 0.44
111 133.1 . 10.30
112 135.0 | 1.62
114 139.0 2.00
115 139.1 2.25
116 | 142.0 - . 6.93
119 147.0 1.06
120 148.0 '4.00
122 149.9 2.25
123 153.0 1.50
124 159.9 4.06
126 . 162.0 3.43
127 163.0 3.93
- 128 . 1651 1.75
129 175.0 16.85
130 176.0 0.62
131 177.0 0.44
133 192.0 . 3.12
\
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Identification of 5-methylthiopentyl Isothiocyanate

Similariy, the S5-methylthiopentyl isothiocyanate was
identified from the literature (100). The ionized
fragments of this 1isothiocyanate shown 1in Figures and

Tables A.15.10, A.15.10, and A:15.11 are:

m/e : _ - don

175 _ M*
61 (base peak) CH3-S-C*Hy |
72 CHp=N*=C=S s
69 ~ C3Hg* '
27 ‘ HCNT

101 $H
41 C3Hs

129 +CH2-(CH2)41N=C=S
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-

Identification of 2-phenylethyl Isothiocyanate “(Molecular
Meight 163) . ‘

& As the mass specira of t@o samples of the compound
(thch are presented and shown in Figures and Tables
A.15.12 anﬁ A.15.13) have an M%* of 163, the spectra was
suspected to be for Z-phenylethy] isothjocyanate. The
spectrum was then identified to be for this isothiocyanate
by comparing it with the.spectra available in the litera-
ture (42,72,100,140,197). The idnized.fragments compasing

the spectra of Figures A.15.12 and A.15.13 are:

m/e - ion
163 M*
91 (bfase peak) (troyplium ion)
105 : CgHg.CoHg™
77 ' CgHg™ -
72 CHp=N=C=$

e
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TABLE A.15.12

Mass Spectrum of 2-Phenylethyl Isothiocyanate
(Sample 2)

H92A.452 RT 0:15:46 26-0CT-84 TIC=1232 AUTO GAIN=1000

CAL - BASE INT.=16136 B/G SCAN=470 STATUS:1E
I7C ‘

PEAK MASS %HT. PEAK MASS ®HT.
NO. MOD. NO. ) MOD.

3 26.3 0.90 57 75.1 1.50

4 27.2 4.09 58 76.1 0.94
.6 29.0 2.00 59 77.1 11.32
16 38.0 1.53 60 78.0 3.32
17 39.0 10.46 61 79.0 5.18
18 39.8 0.77 62 79.9 0.63
20 40.9 3.33 69 87.0 0.45
22 43.1 1.289 71 89.0 1.52
30 49.9 4.31 72 89.9 1.06
31 51.0 10.23 74 1.0 100.00
32 52.0 1.52 75 2.0 9.23
33 53.1 0.53 87 102.0 1.80
34 54.1 0.63 88 103.0 0.50
35 55.2 0.87 89 104.1 1.82
38 57.1 1.02 90 105.1 14.06
39 58.1 0.60 91 106.1 0.86
43 62.0 1.24 : 102 118.0 0.98
44 63.1 4.54 110 128.0 0.63
45 64.1 1.16 115 133.1 0.45
46 65.1 11.28 117 135.0 0.97
&7 66.1 0.88 124 149.0 0.53
4g 67.1 0.48 129 163.0 34.28
54 72.0 4.20 130 164.0 2.89
56 74.1 0.89 131 165.0 1.34
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TABLE A.15.13

Mass Spectrum of 2-Phenylethyl Isoth1ocyanate
(Samp]e 3)

HS5A.446 RT 0:15:50 26-0CT-84 TIC=959 AUTO GAIN=1000
CAL BASE INT.=11980 - B/G SCAN=480 STATUS:1E
ITC-D REPEAT

PEAK MASS ZHT. PEAK MASS ZHT.

NO. © MOD. ND. MOD.
1 26.3 1.00 54 . 77.0 -~ 10.66
2 27.2 6.09 55 78.0 3.60
4 29.0 . 1.28 |- 56 79.0 4.15
8 33.1 0.75 57 79.9 0.84
11 37.1 0.73 . 60 82.0 0.46
12 38.0 1.08 61 83.1 0.51
13 39.0 8.51 54 85.1" 1.04
16 41.0 4.68 55 86.0 0.95
17 42.0 1.22 66 87.0 1.06
18 43.1 2.45 67 88.0 1.06
19 44,1 2.67 68 85.0 1.34
20 45.1 5.62 | 70 91.0  100.00
23 . 47.1 0.94 71 92.0 8.18
26 49.9 2.50 © 72 93.0 - 0.90
27 51.0 8.79 77 98.0 0.58"
28 52.0 1.45 80 102.0 0.76
29 53.1 0.78 81 103.0 0.62
1 31 55.2 0.81 82 104.1 1.16
32 56. 1 0.63 83 105.1 12.20
35 55.0 1.60 84 106.1 2.13
36 59.9 2.75 89 113.0 1.24
37 61.0 1.14 ' 96 115.9 . 1.25
38 6§2.0 1.06 105 128.0 0.74
39 63.1 4.09 108 131.0 1.54
41 64.1 0.83 110 133.0 0.91
42 65.1 11.41 111 134.0 0.47
43 66.1 1.20 112 135.0 1.39
45 68.0 0.64 116 141.1 0.44
46 69.0 0.80 120 147.0 0.78
47 69.9 0.94 129 162.0 10.42
48 71.0 1.14 130 163.0 28.51
49 72.0 7.50 131 164.0 3.20
50 73.0 3,29 132 165.0 1.93
51 74.0 1.53 133 170.9 0.45
53 . 76.0 1.49 139 . 191.0 0.42




Co-elutants

In the GLC for this mass spectrum study, the last
identified three isothiocyanates (S-methylthiopentyl-,
Y-methylthicbutyl-, and 2-phenylethyl-) were co-elutants
with BIT and PIT. The glucosinolate precursors to these
co-elutaﬁts are present in Tower rapeseed in relatively
small quantities. Thus, the isothiocyanates formed from
them were in suchcsmall amounts that they did not appear in
the ITC determinations covered in this Thesis. However,
the increase in the concentration of their co-elutants, in
the methylene chloride extract by its evaporation to 5 to
10% of its original volume, ied to their appeérance in this

GC/MS study.
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LETTER FROM PROFESSOR S. NAKAI



~

THE UNIVERSITY OF BRITISH COLUMBIA
2075 WESBROOK MALL

VANCOUVER, B.C.. CANADA
VeT 1\W3

DEPARTMENT O 100D SCIENCE

July 3, 1879

- Mr. M. N. Radwan
Research Associate
Chemical Engineering Department
University of Qttawa
Ottawa, Ontario KIN 9B4

Dear Mr. Radwan:

I was pleased te have had a chance to talk to vou at
the CIFST Annual Conference.

I completely agree with you abgut the paéﬁibility of
interactions of isothiccyanates and rapeseed protein which might
affect the detoxification effect. We emphasized this importance
in our paper (Wovewoda and Nakail, 1978, CIFSTJ 11: 107). I feel
that the determinations of SH and e-amino groups may be required
to check the possible interaction in the treated protein whenever
the detoxification effect of rapeseed protein is studied.

Please write again to me or Mr. Woyewoda at the Department
of Fisheries and Envircnment Technology Branch, Halifax, N.S.
B3J 2R3 if wou have any further questions on our publication.

Sincerely,
\§;~/l/éLiSZF=—’*~———1:::>

S. Nakai
Professor

SM/jch
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APPENDIX-17

LETTER FROM DR. M.E.

DAXEMBICHLER



Y/, AGRICULTURAL  NORTH CENTRAL

P oL RESEARCH REGION

“4T= SERVICE

OF UNITED STATES NORTHERN REGIONAL&ES’EARCH CENTER
DEPARTMENT OF 1515 NORTH UNIVERSIT® STREET
AGRICULTURE : : * PEORIA, ILLINOIS 61604
Auzust 5, 1977
AIRMATIL

Jre. M. M. Raéwen

Deparcment of Chemicel a“glneerlng

Facully of Science arnd Engineering

University of Ottawa -
tawa, Ontario KLY 615

Canada

, Dezar Dr. Radwan:

r. VanZtten amd\ I have now completed 2 rather cursory exonmination of the
processed rapeseed meal that you sent to me. Ve are currently very much

over extended in our work scheduling and could not spend any more tipe
on the analyses. Single determinations for intact glucosinolates or
for the cyeno and epithio compounds and/or goitrin that may be derived

fron progoitrin, if present as such in the meal, gave the following resulis.

The measurenent of intzet glucosinolates 1nd_catea only trace or none

remzined. The other determination for brezkdown products present in the
meal did, however, show these components present. Readily recognized on

two coluwmmns (by GLC) were:

 l-cyeno-2-hydroxy-3-butene (0.1% mg/g)

~ l-cyano-2-hydroxy-3,k~epithiobutone (threo isomer 0.03 =g/z)

- l-cyano-2-hydroxy-3, k~epithiobutane (erythro isamer 0.09 mg/g)
5-vinyloxazolidine-2-thione (goitrirn 0.7 mg/g)

Other peaks were seen in the GIC chromatogram that have been derited froz’
other glucosinolates. I hope these data will be of velue to your research.

¥y opinicn is that the meel still contains compounds that are foide

- ¢

Sincerely,
74 &-%;4;5&&"9

e Z. Daxenbichler, Zesearch Chemist
Haturzl Toxicants Research
Zorticuliural and Special Crops laboratory

R
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APPENDIX-18 ~

!

-

RITRILES AND THIOCYANATE ION FROM HYDROLYSIS OF
GLUCOSINOLATES

1. Nitriles:

Tookey (216) has isolated a heat-labile protein or
possibly/glycoprotein that.directs thehydrolysis of the

glucosinolates to form the epithionitriles® This protein

-is termed epithiospecifier protein (ESP) and by itself, in

absence of myrosinase, cannot hydrolyze the glucosinolates

(216). However, when combined with myrosinase it in-

fluences the deroTysis of the alkenyl glucosino]ates; such
as_allyl glucosinolates to yield l-cyanc-2,3-epithiopropane
(127,216,220). It .was shown that both ferrous ion and ES?P
are required for the epithionitrile formation (12¢?216,
220). The ferrous ion could come from endogenous iron 1in
the seed (216). However, the addition of ferrous salts to
rapeseed meals while hydrolyzing fhe{r_glucosino1ates.not
only increases the formation of “the epithionitriles but
21so all other nitriles (31,124,216,218). It was indicated
that ferrous ion "is not involved in the enzymatic
liveration of, glucose from glucosinolates but affects the
subtequent degradation to aglucons (219); It was also

v

\ . ¥
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indicated that this effect is a pH dependent (219). In the
absence of myrosinase, ferrous ions_ act upon the
glucosinolates to yjeld thionamides, in addition to the
nitriles (19,20). k

\ \

As reported in the literature (52,71,99,127,159,
216,2i8,220), the n{triTés are formed f;%m the'h}droTysis
of the gluﬁosinaiates according to the &hemica] qu;:ions‘
outlined beTow.. It should be ﬁote&'that these equations

only represent the compounds of concern.

v
%%

R . .
'\NOSO3- glucosinolate

Hzol myrosinase

‘ /SH
*§N0503

pH3 to 6,Fe ©F
or nitrile factor

ESP

HSO, ™+ HoC - CH-R=C=N ~
N if R-is unsaturated

Epithionitriles
. ’ Y
R-CEN+S+HS 0

nitrile

*R-is CH2=CH-RL
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2. Thiocyanate ion:

1]

It has been postulated (70) that the thiocyanate ion
is formed from the hydrolfsis of glucosinolates according

to the following chemical equations:

-a) From indolyl glucosinolates {16,220,225,229)

.
- S$-CgHyq0;
(For example from 3-methy]l —-CHZ-C% _
indolyl giucosinolate) NOSO4
N
R
oH 7 HZO Myrosinase oH 3t04‘
Y l
— CH,NCS —CH,CN
i unstable +$
v N
R R

S . +SCN~
N
R .

Thiocyanate ion
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b) From 4-hydroxybenzyl glucosinolate {93,127,220)

S-CoHy7 0

~3=CHy1 05

. HO — —CH,-C
\N-OSD3“

0 | MYROSINASE
F]

v pH 3-4

HO —@—cnz-n=c=s UNSTABLE S
l OH
HO -@— CHpOH + SCN-

THIOCYANATE ION




APPENDIX 18
INFRA-RED METHOD FOR DETERMINATION OF NITRILES

During the search for an appropriate method for the
determination of the nitriles resulting from the hydrolysis
of the meal glucosinolates, the infra-red method was
tested. In this method the C=N group of the nitriles is
detectéd at a wavelength of about 4.5 um, Briefly, the
procedure followed in testing was that 3 ml of water, 1 g
of mea1,~anq a 6 mm glassjbead were_p1aced in a culture
tube. The contents of the tube were mixed in a rotary
shaker for 14 h. Then 2 ml of methylene chloride was added
to the tube and the shaking continued for an additional
+ h. Aftefwards, the emulsion was broken in a centrifuge
at 2500 rpm. The methylene chloride ﬁbottom) lTayer was
removgd by 2 long-needled syringe and dried over anhydrous
Na,504. One m1 of the dried methylene chloride was evapo-
rated to dryness over KBr powder. Fram a repeat of the
procedure, the 1 ml of .the dried meth&]ene chloride Qas
placed in a 4 m]l vial and evaporated td dryness. Then it
was redissolved in 4 ml of chloroform. The evaporation in
both cases was done under a nitrogen atmosphere and the

samples were cooled.
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-The- .samples were scanned in a Eerkin-E]me}
Infra-red Spectrophometer model 7358.=Thé saﬁnles dissp]#%d.
in chloroform were prepared for scanniné by placing them in
"a capillary film beéween two AgCl pellets. | ﬁ?picqﬁ
examples of the scans of the saﬁple, both dried over KBr
and dissoly&d in- chloroform, are presented g figures
A.19.1 and A.19.2, respecinely. "The IR spectra of the
chloroform used is shown in Figure A.19.3. After test{ng
this method, it was decided to abandon it because the
possibility remained that the compounds being ‘measured
could evaporate during the drying step. Also, the method
dfd not identify the ‘compounds beiﬁg measured. - In
addition, the presence of other groups such as the N=(C=§
(174) and the -NHp of the protéin amino acids {46) could
have interfered with the measurements. This could be seen
in Figyre A.19.1 where if* the peak at a wavelength of
4.6 m were for (=N grbup, the peak at 4.8 m interfered
with 1it. However, as shown -in Figure A.12.2, for the
measurements of the samples 0{5501ved in chloreform, the’
peak at 4.6 m did not appear. This was because the
concentration of this sample was lower than the instru-

ment's 1Timit of detection.

*It 1s not certain, because of the presence of a mixture of
components, that this peak is for the C=N group.
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For these reasons 1t was decided to use the GLC

method developed by Daxenbichler et al. (49,50)

and
discussed in Chapter 3.3.5.

This chromatographic method,

in addition to separating the aglucons individually, also

determined the VOT.
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APPENDIX 20

- MASS BALANCE AND ENERGY REQUIREMENT
~ FOR THE NEUTRAL MEDIUM METHOD

<

1. MASS BALANCE:
The mass flow rates in the Neutral Medium Method of

the materials used and the products are summarized in the

following diagram:

Materials Used Products
1.00 t/h Rapeseed ~-|Neutral Medium|- 0.35 t/h DOM
52.50 t/h Water - Method For - 0.50 kg/h Hexane

0.50 kg/h Hexane -{Producing DDM |- 0.35 t/h 0i1l
. - 0.30 t/h Hulls &
meat fines
52.50 t/h Water

CALCULATION OF FLOW RATES:

- Rapeseed assumed 1 t/h.

- Its dehulling will result in 0.7 t/h meat and 0.3 t/h

(hulls & meat fines)

- Defatting of the meat will result in 0.35 t/h 01l and

0.35 t/h meal.
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Hexane lost with meal is at a rate of 1.50 kg/t meal,
Thus the replacement of the lost hexane will be at a

rate of 0.5 kg/h.

Water to be used at a ratio of 150:1 meal (t/t). Taking
the density of the water at 1 g/ml, then the flow rate
of water will be 52.5 t/h. Taking an addftionﬁ1 5% for
other purposes, the total amount of wa%er needed 1is

157.5 t/t DDM.

After decanting the water it was assumed that there is
no loss in the meal with decanted water. Also that after
decantation, W/M ratio is reduced to 2.5:1.

Thus the flow rate of the decanted water to be sewered
is calculated to be 51.62 t/h. The 0.88 t/h water in the
wet meal will be removed by freeze drying. Thus the
total water to be sewered will equal the 52.5 t/h added
. to the meal. In this calculation, the 8% meisture in the

meal (i.e., only 0.028 t/h) was considered negiigeable.

The rate of producting the DDM is equal to that for the
meal of 0.35 t/h.
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Fig. A20.1: PROCESS FLOW SHEET.

'RAPESEED
l 1t/h
CONDITIONING
UNITS
il’ 1t/h
SEED CRACKING
MIL..
. - 1t/h
HEXANE !
35 Kg/h DEHULLING TO CRUSHING
UNIT PLANT +aa +/h
‘ 07 t/h MEAL  HULLS. & MEAT FINES
T | ¥ 43% 1 ST
NREFTNED (L~ | SOLVENT | 1374%/h | SOLVENT EXTRACTOR
433 M PLANT RECOVERY |miscoiia (DEFATTINGD
Hr-:xANE“' 7 e L HEXANE
DESOLVENTIZER |
TOASTER |
529 t/h WATER
-_— 03D =S MEAL
L Y
MIXER

¥ J2.83 t/h MEAL SLURRY
WATER

5152 t/h SSEYERL e aANTER

0.88 +/h WET MEAL

FREEZING
BELT

COLD ROOM

oA ‘
0.88 t/h ———— FREEZE - DRYING

l

DDM 035 t/h
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2. ENERGY REQUIREMEN};
- For o0il extraction:
0.35 t steam/h (1 t/t DDM)
- For the Freeze-Drying Process (180.a):
-- Steam: 3.8 t/t water evaporated {9.5 t/t DDM}
-- Fuel o0il (for cooling compressors): 0.7 t/t water
evaporated (1.75 t/t DOM) ]
-- Electricity: 700 kWh/t water evaporated (1 750 kWh/t
DOM)

!

An additional energy estimated_at 5 % of the above will be

needed for other purposes.

Thus total energy needed per 1 000 t DDM will require:

Steam: (9.5 + 1.0) x 1 000 x 1.05 = 11 025 t
Fuel 0il: 1.75 x 1 000 x 1.05 = 1 837.5 ¢t
Electricity: 1 750 x 1 000 x 1.05 = 1 837 500 kWh



APPENDIX 21

DETAILS OF ECCNOMIC ANALYSIS
&

£,
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~

a) FOR PRICE OF DDM OF $250.00/t

DEHULLED DETOXIFIED RAPESEED MEAL

ESTIMATED MANUFACTURING COST PER YEAR

PRODULCTS PRODUCTION LEVEL (/000 t)

ANNUAL (8400 HR/YR)

DEHULLED&DET MEAL 2.9
UNREFINED OIL 2.9
HULLS & FINES 2.5
TOTAL B.4&

DIRECT COSTS

S/YEAR $/t NG.1 PC NS
RAW MATERIALS 1894096, 644.250 17.0
STEAM 213929. 72.765 - 1.9
ELECTRIC POWER 202585. 68.906 1.8
0IL 1188495, 406.250 10.7
PROCESS WATER 46305. 15.750 .4
PACKAGING 30752, 10.460 .3
SUPPLIES (5.0PC MAINT.) 80500. 27.381 .7
VEHICULE FUEL 10000. 3.6401 1
LABOUR
DIRECT (12.00 $/HR) 504000.
FRINGE (27.0 PC) 136080.
SUBTOTAL 640080. &6&40080. 217.714 5,8
TOTAL DIRECT COSTS 4306762, 1464.878 38,8
PERIODD COSTS
SUPER./QUAL. CONT./FACT. ACM. :
(25.00 PC DL) 126000. 42,857 1.1
MAINT./MAT. AND LAB.
&l 5.00 PC FC) 16170006. 547619 14.
INSUR. AND TAX. C 1.50 PO FC) _483000. 164.286 4.3
TOTAL PERIOQOD COSTS 2219000, 754.762 20.0
TOTAL MANUFACTURING COSTS 6525742, 2219.640 58,7
BULD. AND EGUI. DEPRECIATION 1937500. 659.013 17.4

W



K

ESTIMATED OPERATING PROFIT IN /000 $

GROSS SALE VALUES /000 t /200 $ $/t NG.1 PC NS
DEHULLED&DET MEAL 2.9 735.0 250.000 6.6
UNREFINED OIL 2.9 10290.0 3499.999 92.6
HULLS & FINES 2.5 ° 370~ 4 147.000 3.3
TOTAL 8.4 11395.4 3875.999 102.6

SALES DEDUCTIONS

{2.5PC GS) 284.9 96.900 2.6
NET SALES 11110.6 31779.098 100.0
TOTAL DIRECT COSTS 4306.7 1464.878 38.8
DIRECT MARGIN §803.8 2314.220 61.2
PERIOD MANUFACTURING COSTS 2219.0 754,762 20.0
DEPRECIATION 1937.5 §59.0173 17.4
MANUFACTURING PROFIT 2647.5 900.445 23.8
GENERAL EXPENSES .

(5.0PC NS) 555.5 188.9565 5.0
OQPERATING PROFIT 2091.8 711.490 18.8
OPERATING PROFIT + DEPR. 5029.3 1370.503 36.3
TOTAL INVESTMENT /000$% /0008

FIXED CAPITAL 32200.0
WORKING CAPITAL (20.0PC 'NS) 2222.1
RESEARCH COSTS .0
TAXABLE GRANT OR ITC 1852.56
START UP % 200.0
TOT: L 32769.5
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LIST OF ANNUAL SUMS OF CAPITAL DISBURSEMENTS AND .
OTHER EXPENSES AND CALCULATION OF PRESENT VALUES

YEAR AMOUNT AT VALUE
/000 § -~ 2.1 PC
10 32200.0 .989 3183&.7
2D -12.2 .968 -11.9°
3D 137.3 .948 . 130.2
40 444 .,4 .928 £12.4
$D {0 .309 .0
60 - .0 .890 .0
70 _ . .871 .0
80 . .G .853 .0
9D .0 .835 .0
100D .9 : .818 < .0
110 .0 .800 .0

TCTAL 3236%.4
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TABLE VI

PRODUCT NAME PRODUCTION G.S.PRICE PACKAGING
‘ M E/YR S/t s/t
1 DEHULLED&DET MEAL 2.94 250,000 10.460
2 UNREFINED QIL 2.94 3560.000 .000
3 HULLS & FINES 2.52 147.000 .000
(1) (2) (3) (a)
COMPONENT TOTAL UNIT
RAW MATERIAL CONSUMPTION COST $7YEAR CosT
t/t No.t $/t /o0¢
1 RAPESEED 2.8600 225.000 1891.9 6§43.50
2 HEXANE L3015 500.000 2.2 .75
1894 .1 644,25
) 7
RESEARCH COSTS ($/000) TAXABLE Eﬁ:ﬁﬂ OR INVESTMENT
TAX CREDIT (s/000)
YEAR COST YEAR . AMOUNT
1 0. 2 /// 1323,
2 g. 3, {/"H\\“?is.
3 0. . a.
4 0. @J Q.
5 0. 7 0.
6 0. 8 G.
7 a. ) 0.
8 0. ] 10 a.
g 0. 11 0.
10 0. 12 G.
FIXED CAFPITAL (8/000)
TOTAL C.C.A. DEPR. 1st YEAR
CosT {PC) (YRS) DIS-
. BAJRSEMENT
BUILDING 2000. 5. 40 2000.0
EQUIPMENT 30000. 50.SL 16 30000.D
EQUIPMENT 200. 20.08 16 200.0
OTHER E£XPENSES ($/000)
YEAR COST/YEAR
START UP 2D 200.
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PRODUCTS

DEHULLED&DET MEAL
UNREFINED O0IL
HULLS & FINES
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b) FOR PRICE OF DDM OF $1 000.00/t
DEHULLED DETOXIFIED RAPESEED MEAL

TABLE I

ESTIMATED MANUFACTURING COST PER YEAR

PRODUCTION LEVEL (/000 t)

ANNUAL

TOTAL

2.
2.
2.
8.

& [ oo o

DIRECT COSTS

RAW MAT

STEAM

ERIALS

ELECTRIC POWER

gIL

FROCESS WATER
PACKAGING

SUPPLIES

(S.0PC MAINT.)

VEHICULE FUEL

LABOUR

DIRECT
FRINGE {(27.0 PC)
SUBTOTAL

(12.00 $/HR) 504000.
136080.

640080.

TOTAL DIRECT COSTS

PERIOQOD COSTS

SUPZR./QUAL.

MAINT,/MAT.

INSUR.

CONT./FAZT. ADM.
(25.00 PC DL)
AND LAB.
{ 5.00 PC FC)
AND TAX. ( 1.50 PC FC)

TCTAL PERIOD COSTS

TOTAL MANUFACTURING CODSTS

BULD.

AND EQUI.

DEPRECIATION

(8400 HR/YR)

5/YEAR $/t NO.1 PC NS
1894096. 644.250 14,3
213929. 72.765 1.6
202585. 68.906 1.5
1188495. 404.250 g.0
46305. 15.7510 3
30752, 10.460 .2
gos500. 27.381 .6
10000. 3.401 .
640080. 217.714 4.8
4306742, 1464.878 32.5
126000. 42.857 1.0
16100080. 547.619 12.1
483000, 164.286 3.6
2219000C. 754.762 16.7
6525742, 2219.6410 49.2
1937500. 659.013 14.6




. ESTIMATED OPERATING PROFIT IN /900 $

-

315 -

GROSS SALE VALUES /000 ¢t /000 $ $/t NO.1 PC NS
DEHULLED&DET MEAL 2.9 29490.0Q 1080.000 22,2
UNREFINED OQOIL 2.9 10290.0 3699.999 77.6
HULLS & FINES 2.5 370. 4 147.000 2.8
TOTAL 8.4 13600.4 4626.000m 102.86

SALES DEDUCTIONS ) .

(2.5PC *Gs) 340.0 115.650 2.6

NET SALES ' 13260.4 £510.348 100.0]

TOTAL DIRECT COSTS 4306.7 1464.878 32.5"

SIRECT MARGIN 8555.7 3045.470 67.5

PERIOD MANUFACTURING COSTS 2215.0 754,762 16.7

DEPRECIATION 1937.5 §59.013 14.6

MANUFACTURING FROFIT 4797.2 1631.695 36.2

GENERAL EXPENSES

(5.0PC NS) £63.0 225.517 5.0

OQPERATING PROFIT 5134 .2 1406.178 31,2

OPERATING PROFIT + DEPR. 6071.7 2065.191 45.8

=

TCTAL INVESTMENT /0008 /0008
FIXED CAPITAL 32200.0
WORKING CAPITAL (20.0PC NS) 2652, 1
RESEARCH- COSTS ’ .0
TAXABLE GRANT OR ITC 1852.6
START uP __z200.0

—_
TOTAL 33199.5
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LLIST OF ANNUAL SUMS OF CAPITAL DISBURSEMENTS AND
OTHER EXPENSES AND CALCULATION OF PRESENT YALUES

YEAR AMOUNT AT VALUE
/000 § ° 6.1 PC

10 32200.0 .958 30855.6
2D 202.7 .6885 179.5
3D 266.3 .818 217.8
4D 530.4 .756 400.8
50 .0 .698 .0
&D .0 545 .0
7D .0 .596 N .0
8D - .0 .550 .0
9D .0 .508 .0
100 .0 . .470 .0
11D .0 N .0

TOTAL ) 31653.7

"
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PACKAGING

PRODUCT NAME PRODUCTION G.S.PRICE
M t/YR $/t $/¢t
1 DEHULLED&DET MEAL 2.94 1000.000 10.460
2 UNREFINED OIL 2.94 3500.000 .000
3 HULLS & FINES 2.52 147.000 .000
(1) (23 (3) (4)
COMPONENT TeTAL UNIT
RAW MATERIAL CONSUMPTION  COST S/YEAR cosT
b/t $/¢t /000
1 RAPESEED 2.8600 225.000 1891.9 643.50
2 HEXANE .001s 500.000 2.2 .75
1894, 1 644.25

RESEARCH CO0STS ($/000)

TAXABLE GRANT OR INVESTMENT

TAX CREDIT ($/000)

YEAR cosT YEAR AMOUNT
1 a. 2 1323.
2 0. 3 529.
3 Q. - 5 0.
4 0. & 0.
5 0. 7 0.
q . 8 0.
7 0. 9 0.
-é 0. 10 0.
9 G. 11 0.
10 0. 12 a.
FIAED CAPITAL ($/000)
C.C.A. DEPR. 1st YEAR
{PC) (YRS) DIS-
BURSEMENT
BUILDING 2000. 5. ap 2000.9
EQUIPMENT 300060. 50.5L 16 30000.D
EQUIPMENT 200. 20.08 16 200.0D
OTHER EPENSES ($§/0007 -
YEAR COST/YEAR
START UP 2D 200.
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