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from heat treated meals regard]ess of " source of the

ABSTRACT
A series of exper1ments were under taken td study the
hydroly515 products of - rapeseed glucos1no]ates{ the1r

biological effects and the use of~ant1dotes to counteract.
- S K ,

- their deleterious effects.

In the first experiment (Section A) the products of
enzymat1c hydrolys1s of rapeseed g]ucos1nolates from a-
number of rapeseed var1et1es were determlned The results
‘1nd1cated that on autolys1s of raw meals, the main
hydrolysis products were n1tr11es In addttion,to.hydrOXy- :
-n1tr11es two non- hydroxy ep1th1on1tr11es (1 -Cyano-3, 4-

-ep1th1obutane and 1 cyano-4,5- eplthlopentane) were oy

.1dent1f1ed. They were present in all,of the varietiesytested

' (Candle, Torch, Regent, ‘Midas and Tower) and were especiatTy

high in raw Torch meal. Goitrin was the predominant pRoduct
myros1naset It was observed that the enzyme act1v1ty of:
semi - pur1f1ed myrosinase from rapeseed was much lower than '
that*of myr051nase from mustard seed. o ({‘;J
In the second experiment (Section B) the effegt of e
heat-treatment and conditions of .enzyme hydrotysisj?f
rapeseed‘meals (RSMs) on the concentration of nitriles and
go1tr1n in the meals and the effect of treated RSMs on the

performance of bro11ers were studied. An increase in

, 1ncubat1on_t1me, and freeze-drying‘after hydrolysis reduced'

total nitriles. A hydroxy‘nitrile, 1- cyano 2-hydroxy

-3- butene was least affected by freeze dry1ng Inclusfon in

iv
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'the rat1on of 20% raw or heated Tower RSM hydrolyzed in
fd1ffeﬂent ways had llttle effect on’ rate of growth feed

eff1cuency, mortal1ty\or 1nc1dence of peros1s but the sxze

of the thyro1d glands in. the\treated groups was 2 to 3 t1mes }5
larger than in. the controls Feed1ng 20% raw or heated M1das
meal hydrolyzed in d1fferent ways depressed rate of growth
and decreased feed eff1c1ency The growth depress1on was
greater w1th the raw Mtdas meals cdnta1n1ng or hav1ng
potent1al to produce h1gh levels of n1tr1les than with the
heated meals conta1n1ng or hav1ng potent1al to produce a
h1gh level of 901tr1n The s1ze of the thyro1d glands was 4
to 20 t1mes as large as those 1n the control group

In the th1rd experlment (Sect1on C) the effects of
1 W ‘

'“,'feedlng sodium th1osulfate o hydroxa- cobalamin (vitami//

BlzaYon the performance of rats fed RSMs prepared to contawn

¢h1gh levels of n1tr1les or\go1tr1n were studied. The

\

add1t1on of 0.1% sodium th1osulfate to rat1ons containing y

',hlgh levels of nitriles resulted in 1mproved performance\of

rats but no antidotal effect of hydroxo-cobalam1n was
observed w1th meals of hlgh nitrile’ or. h1gh go1tr1n content

The add1t1on of sod1um thlosulfate caused a decrease in size |

' of Kldneys and l1vers of rats in the high- n1tr1le groups

which had larger k1dneys and livers than the non-RSM

control. Feedlng diets conta1n1ng e1ther'raw or heated Midas

RSM resulted in a s1gn1flcant increase 1n serum th1ocyanate

| content and excret1on of thﬂocyanate in the urine: Add1t1on .

of “sodium th1osulfate resulted in a s1gn1f1cantly h1gher
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vthiocyanaté éohtént in the serum of rats fed meal of h1gh

nitrile content.” Thlocyanate excret1on in the urine- was

when M1das mea]s were fed after bexng pre- hydrolyzed’

LT )

vi
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I. fNTRODUCTION

Commercial production of raeeseed in Canada has
increased rapidly since 1942 when the crop was introduced to
produce a source of o0il for use in lubr1cat1ng marine
engines. The crop was well adapted to growing conditions in
Western Canada so acreage gradually increased until 1956-57
when the first edible rapeseed oil was extracted. Production
in the 1956-57 crop year was 136,000 tons. Since thai time
the size of the crop has expanded duickiy reaehing 3.8
millioh tohs in-the 1878-79 crop year. Canada is now the
largest producer and the.largest exporter (1.7 million tons
in 1878-79) of rapeseed in the worid.

The ava11ab111ty of large suppl1es of rapeseed has

¥
resulted in the development of a fa1r1y large oil processing

vindustry. In 1979 domestic processing of rapeseed was

769,000 tons which‘resulted in the production of 314 000

tons of oil and 443 000 tons of rapeseed meg | (RSM)

Rapeseed oil now suppl1es approx1mate1y 447 of the 011 used

by Canada’s ed1ble oil 1ndustry.»The meal produced as a

‘ by-product of oil extraction is used as a protein supplement‘

in rations for 11vestocK and pou]try
Although the amino acid composition of the prote1n of
RSM is s1m1t9r to other plant protein supplements such as

soybean meal, some difficulties have been experienced when

’"RSM is used jin poultry rations. One of the main problems

o

.. encountered has been related to the presence of

glucosinolates in the meal. When the glucosinolates are
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wﬁ'hydrolyzed they yiéld‘isothiocyanates, thiocyanates and

nitriles, the concentragioné of which will vary depehding on,
the level of g]ucosinolétes in the meal and the conditions
of hydrolysis.

| Since the presence of hydrolysis products of
glucosinolates in RSM‘may exert harmful effects on poultry
if their concentration in the ration fed is too high,
experiments were undertaken to identify and determine the
levels of hydrolysis products of glucosinolates in RSM
produced ®xperimentally from different varieties of
rapeseed. In addition, the influence of the hydrolysis
products on the performance of brpi-e{féhiéks and rats was

assessed.

s

e
P
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IT. LITERATURE REVIEW

A. Glucosinolates
General | Lk

Glucosino]ateS'are found 1n the parenchymal tissues of

.plants particularly those of the CFUleeFae family (K jaer

1860). Of a total of more ‘than 75 individual glucosinolates
identified (Kjaer 1978) more Ihan 60 have been found in-
plants belonging to the Chucifeﬁae family (Kjaer 1976). The

name "glucosinolates"” was suggested by Ett]1nger and Datees

(1961) but the compounds have also been called mustard oi

glucosides or thioql ucosides. The genera] structure of thel
glucosinolates which was definiteiy established for
sinigrin’ (Ettlinger and Lundeen 1956), is shown in‘the

fo]]ow1ng formula

/S"CanOs

N
N-0-50,0- K+

o
eiﬁiepehi/élucos1nolates vary only in the structure of the

side chain R }ﬁ/the formula. Al glu0051nolates are coupled

R-C

with potass1um cation except sinalbin which is a salt of
sinapine. According .to the nNature of the side cha1n which is
der1ved from amino acids, gﬂucos1nolates are divided into
four ma jor eategorieS' \\ ‘_ |
Gfoup I Al1phat1c gluc3§1nolates conta1ng a C-methy]
/group or derived from diacids.

Group II. w —methylthioalky]glucosinolates and

-
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(

R 2

derivatives. »

Group IIIL'Arylmethylglucosinolates

Group IV. 2-arylethylglucosinolates and derivalives

(Kjaer and Larsen 1973). ?

According to Kjaer (1978), pure glucosinolate salts are
non-volatile, high-melting compounds, readily soluble ln
water by virture of ‘their combined glucoside and salt .
character, and levo rotatory in aqueous solution (Kjaer
1978). The~excellent crystallization properties of a few
glucoSinolates such as sinigrin. sinalbln dndlglucoiberin
are in marked contrast to the generally experienced
difficulties in 1ndUC1ng the other pur1f1ed glucos1nolates
to crystall1ze In a number of instances, acetylat1on of -
amorphous glucosinolates was advantageously employed for.

_ characterlzatioh purposes. Most glucosinolates and their
acetates crystallize from water or aqueous alcohol as
monohydrates (Kjaer 1960) Due to the cHaracter of

substituted sulphates of glucosinolates, they can be
quant1tat1vely retained on anion exchange column, especially ///
on an10notrop1c ac1d washed alumlna ahd thus be freed from .//
impurities such as s1nap1ne and coloured complex Subsequent/
elutlon w1th KOH or sulphate solut1ons afforded hlghly
pur1f1ed glucosinolates (Schultz and Gmelin 1954) Unl1ke
glucoswnolates. tr1methyl51lyl (TMS) der1vat1ves are
sufficiently volatlle enabl1ng GLC analy51s.of intact
glucos1nolates without hydrolysis (Underhlll and K1rkland

1871; Persson 1974; Th1es 1974, 1978)

kS
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Glucosinolates that have been identified in the seed of

Brassica campestris and Brassica napus are presented in

‘Table 11.1 (reviewed by Josefsson 1970; Appelgvist 1972; |

Olsen and Sérensen 1980). Gluconapin, g]ucobréssipanapin and
g]uconasturtiin produce volatile isothiocyanates.

G]ucoraphanin and glucoalyssin are non-volatile

. iSOthjocyanate-producing~glucosinolates~which account for Py

‘v on]y‘%% ofvthe total intact glucosinolate content.

Progoitrin and gluéonapoliferin produce oxazolidinethione e
(0ZT). Sinalbin which was detected in apprecﬁable amounts in

some of the hapeseed vatiet{es produces thiocyanate jon ‘

(O1sen and Sérensen 1980). The principal glucosinolates

present in RSM aré progoitrin, gluconapin and
g1ucdbra§$icanapin (dosefsson 1970) . rThé‘]evel of progoitrin
was much h1gher in B. napus (4-12 mg of go1tr1n per g

oil- free meal) than in B. campestrls (0. 5 mg of 901tr1n per
g oil- free mea]) wh1]e the level of g]uconap1n and
g]ucobrasslcanap1n was almost same in both var1et1¢s (3.5-4

mg of isothiocyanate). The ratio of gluconapin to

vglucobrass1canap1n shows d1fference B napus be1ng (

relatlvely r1cher in the former and B. campestris hav1ng‘
approx1mate1y equal amount of both glucosinolates (Downey‘et
al. 1969; Bell_and Jeffers 1976). Expressed as total intact
glucosino]afe most of B. napus RSMs contained 5-6%
glucos1nolate wh11e Bronowski RSM. conta1ned approx1mately
0.5% glucosinolate (Josefsson and Appelqvist 1968).

The biological role of glucosinolate in plant is not
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well understood. dosefSSOn (1370) referrEd to Qluosinolates

as secondary natural products that appead\as a result of
\

metabol1sm but that do not serve any essent1al funct1on 1n

. the ltfe of the qnd1v1dual plant KJaer t1978) suggested t

that since the sulphate group of gluc051nolate is ani -

excellent\leav1ng group,lthe b1ologlcal funct1on of
. \

glucos1nolat may be to serve as dep051tor1es of volatlle

1

react1on products, pose551ng SpElelC btologtcal propert1es

/.In fact it was 1nd1cated that 1soth1ocyanate,>and perhapsve.

'5other degradat1on products as well play a dec1swve role 1nt
nseveral well establlshed and spec1f1c para51te host
~relat10ns w1th1n 1mportant plants of. the CPUCIfePae fam1ly |

‘-iSynthests of. glucos1nolates

The btosynthet1c studles have shown that maJor rapeseed

i gluc051nolates, that 1s.‘3 butenylglucos1nolate, 2 hydroxy-’
'ih-3 butenylgluc051nolate and 4 pentenylglucos1nolate were

' synthes1zed from meth1on1ne v:a l1near chaln elongatton and

ox1dat1ve mod1f1cat1ons (Chlsholm and Wetter 1964 1967

v Ser1f and Schmotzer 1968) Deta1led~b1osynthet1c pathways
{vwere rev1ewed by several authors (dosefsson 1970 Underhxll
. et al. 1973 KJaer and Larsen 1973 KJaer 1976 1978)

fHomologous am1no actds are der1ved from methzon1ne by

1

‘ mut1ple chaln elongatlon w1th the methyl carbon of acetate

/
After a’ serles of enzymatlc reactlon amlno ac1ds are

_transformed to aldox1ms Aldox1m 1nco porates sulphur
| ”leadlng to the format1on of th1ohydroxlmate The most

' ffect1ve source of the th1ohydrox1mate sulphur was

"lf o7

a__J
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cysteine Thlohydrox1mate and glucosyl transferred from
uDP- glucose form desulphogluc051nolate by the actlon of

‘UDP glucose thlohydrox1mate glucosyltransferase The

ON- sulphate ester of glucos1nolates is derlved by the

bl

ftransfer of sulphate from 3’ phosphoaden051ne—
. -5 -sulphatophosphate to desulphogluc051nolate
| . Some glucoswnolates are der1ved from amlno a01ds
'without cha1n elongatlon for example convers1on of

‘ tryptophan 1nto indo1-3- ylmethylglucos1nolate (Kutacek et
- al. 1962), phenylalan1ne 1nto benzylglucos1nolate (Underhlll
et al 1962) and tyros1ne ‘into s1nalb1n (K1ndl 1965)

| It was shown that the hydroxylogroup of hydroxy
analogues of phenoltc gluc051nolates 1s 1ntroduced at the ,f

amino ac1d stage of blosynthe51s (K1ndl and Schlefer 1971)

) 5::whereas the al1phat1c hydroxyl group 1s der1ved by

" University of Alberta

' , hydroxylatlon of the correspond1ng deoxyglu0051nolate Thus

S 2- hydroxy 3- butenylgluc051nolate is der1ved/from 3- butenyl;
uﬂglucos1nolate and the low content of progo1tr1n in var1ety

,Bronowsk1 1s due to the presenoe of a metabol1c plock at the

‘anhydroxylatlon step (dosefsson 1971)

Overall synthes1s process may be summar1zed as‘
llfollow1ng/ o "}f‘“ o (
Amino aCld - (cha1n elongat1on and homologxzatlon) -
aldox1me —é thxohydrox1mate - desulfoglucos1nolate —>
glucos1nolate (= hydroxylat1on hydroxygluc051nolate)
;/Catabol1sm of glucos1nolate | ‘ '

The products formed from gluc051nolates depend on the ™

N . .- v‘.
D | -
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oonditions dnder Which'théygare hydro1yzedf Acid hydrolysis
of giUcosinoTa\e affords hydroxy]amine. sulfate, moieties
from the th1og1uGos1d1c 11nkage and carboxylic acid
(R—COOH) (KJaer 1976). In non- enzymatic hydrolysis the

aglu§one portion of progo1tr1n yielded 1-cyano-2-hydroxy-

- -3- butene and 5- v1ny1 2- oxazol1d1none (Gronowitz et al.

1978f/and 3 hydro&ypent 4- eneth1onam1de under the influence

of ﬁerrous salt tAust1n»et al. 1968) . Sinigrin ‘treated with

L ferrous-salt at_95£C;(%oungs and;Perﬂjn 1967) or with

bof1ing:wate¥i(Macieod 1976) yielded allylcyanide and

;/\g]UConap{n yielded -1-cyano-3-butene at 100°C (Gronowitz et

- 0On the other hand hydrolys1s catalyzed by~ enzyme

"-(myr051nase) taKes a different. course. In-most;cases,_'
‘enzyme-induced detachment of glucose-produoing the aglucone

or its tautoﬁer is followed by moleoular.rearrangement* |

y1e1d1ng, with concom1tant loss of sulfate, 1soth1ocyanate

(R-NCS), n1tr1le (R=- CN) and th1ocyanate (R=SCN). depend1ng on

the hydrolys1S?cond1t1ons and nature of g]uoos1nolate (KJaer~

1976)h
Myros1nase

Myros1nases are a grouo of enzymes which are separately
depos1ted in partlcular cells (1d1oblast) (Gu1gnard 1890)

but 1nvar1ab1y,accompany1ng the glucos1no]ates in the_l1v1ng

’plant sourcés The enzyme was discovered by BUssy as early

as 1839. The systemat1c name is thwoglucos1de glucohydro1ase

(E c. 3. 2 3 1) * The question as to whether the hydrolysis
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of glucosinolates is carried out with a single enzyme or
with a mixture of two'entities, a sulbhatase andA
thioglucosidase, has been discussed (Gaines and Goering

»

1962).. Later studies have shown that although myrosinaées'

“exist in several multiple forms or isoenzymes:they'function;

. & . .
only as a g-thioglucosidase. Physico-chemical and

enzymatic character1st1cs of pure myros1nase preparatwons
from\d1fferent plant sources show a smal] but s1gn1f1cant
var1at1on among the myr051nase isoenzymes (Tsuruo et al.

1967; MacG1bbonvand Allison 1870; Bjbrkman and Janson 1972;'

aHénderson and McEwen f972: Ohtsuru and Hata. 1972: L&nnerdal

and‘danson 1973;5Bjorkmah‘and L&bnnerdal 1973). )
Molecular weights varied from 125,000 to 151,000 for
myrosinases and BOung'to_SS,OOO for their subunits the
number of which varied from 2 to 4 in different myrosinases:
Myrosinases were found to be. glycoproteins conta1n1ng from. 9
to 23% of carbohydrate (pr1n01pally hexoses) and had
isoelectric points vary1ng_from 4.6 to 6.21 The pH optimqm
fohzthe'enzyme activity wera between 4 andv7 and reaction
rates inoreaaed wifh ancreaaing temperafuﬁe to 60 - 65°C
(Bjbrkman 1976). A.studx with¥partially—purified myrosihase
preparations showed that.hyrosihaSe prépatad from Sinapis
alba has 10 - 30 times as much enzyme activity as those from
several rapéseeos (Henderson and McEwen‘1972f. This result
is in‘accordlwith the data of Lonoébdal and:daﬁsoh (1973)

who reported that rapeseed (8. napus) myrosinase required 15

times more purification (188 vs. 13.6) than white mustard
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myrosinase in order to have similar specific activity.

Aglucone ProductS' _ ’ v
.Three pathways for the enzymattc hydro]ys1s of |

g]ucos1no]ates were suggested by Kjaer (1960)

1. - @ course 1nvolv1ng 1ntramo]ecu]ar rearrangement to
'isothiooyanates, L o

2. an alternat1ve route, predom1nant 1n.certa1n plants,

| that leads to thtocyanates obv1ously by rearrangement,

‘and . | '

3. ‘the formatxon of nitriles and elementary sulphur w1th‘
no change in the carbon skeleton: ‘
Will and Korner (1863) demonstrated that free sulphur.

and allyl cyanlde, in add1tlon to a]ly]1soth1ocyanate are'

¥

51multaneou1y formed upon enzymat1c hydrolys1s of 31n1gr1n.

. Ettlinger and Lundeen (13956) proposed that the enzymat1c

format1on of - 1soth1ocyanate takes place through Lossen

rearrangement Miller (1965) has demonstrated that the :

'aglucone of sinigrin, generated chem1ca1]y or enzymat1ca]ly,

decomposes by two compet1ng non- enzymat1c pathways; a proton

1ndependent 1soth1ocyanate form1ng one, and a proton

~dependént n1tr1]e form1ng one.

Aglucone products of glucosinolates are related to )

: conditions of hydro]ysis that are used. In neutral or

alkaline med1a nitriles are formed by enzymatlc hydrolys1s
as compared to non-enzymatic formation of nitrile when the
pH of the medium is under 5 (Virtanen 1965). Nitrile |

formation from progoitrin,was promoted by ferrous-iony(Fe?‘)
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and special protein fraction (epith'i'c?.‘speoifier) was
responsib]e.for the production of eptthionitril s in'
untreated seed meal (Tookey and Wolff 1970 TooKey 1973a b).
The enzymatic system convert1ng the aglucone of
epi- progo1tr1n to n1tr11es was 1ab11e (TooKey and wolff
t970t. The ma jor aglucone product of gluconap1n of Yeltow
\Sarson was 1-cyano-3,4- ep1th1obutane but when the seed was
“heat treated (115°C for 30 minutes in an oven) th1s compound
”almost entirely d1sappeared and was rep]aced by a
correspond1ng amount of 3 butenyllsothlocyanate on enzymat1c
hydrolysis (K1rk and McDonald 1974). Macleod (1976) also
reported s1mu]taneous formation of 1soth1ocyanate and )
nitrile from glucos1no]ates of. several Cruciferae .
foodstufifs}. He showed that sinigrin. isvcapat)‘le of degrading
very readily, nonFéHZymattoally as well enzymatioally,_t;
give ally]cyanide In order to destroy the factor (s) 1n the
seed meal res ns1ble for the Tow yield of 1soth1ocyanate
1 Appelqv1st an:Q:os6£sson (1967) had to apply more heat (100'
- 110 C for 15 ‘min) than that suff1c1ent to 1nact1vate
"'myros1nase (80°C for 15 m1n) \\\%§\g‘ )

. Gmelin and V1rtanen (1959) obsery\d\that\the enzyme

occur1ng in the ‘seeds and fresh plants of ThIaSpl arvense L.

~
and Lepidium ruderale L. cleaves sinigrin and -

glucotropaeo]1n present in those spec1es to al]yl- and - \\\\\\¥\\\

-

_benzylth1ocyanate respectively. Apparent]y;\no concom1tant

e

.
production of isoth1ocyanates takes place in thesefplants,

 whereas ordinary garden cress (Lepidium‘satfvum L.) givesf\\\g\ :
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rise to a m1xture of benzylthlocyanate and benzy]-
1soth1ocyanate on autolys1s. A th1rd example was prov1ded by
Schltiter and Gmelin (1972) who found that extracts of fresh

Eruca sativa L. plants‘prodUCed 4-methy1thiobutylthiocyanate

? :frOm 4-methyﬂthtobutylglucosinolate,.white the seeds gave

the correspond1ng isothiocyanate. Gmelin and}Virtanen (1959)

‘ f]PSt suggested that the th1ocyanate formtng reaction~
‘1nvolved an enzyme med1ated rearrangement V1rtanen and |
‘Saar1v1rta (1962) 1ater proposed that an 1somerasgwacted on.
a first-formed 1sothtocyanate.~but the second hypothesis hasb

. not been sdpported, while the first remajns as a generalized

concept. Since the aglucone normally rearranges -

,vspontaneousiy to isothiocyanate, it seems that (the

rearranging enzyme responsible for the formattoh*of '

thiocyanate is very etfioient or that the spontaneo's,

both (Benn 1977). It was suggested that in Lepldium seeds

benzy]thidcyanate and n1tr11e were the maln products w1th

1sothtocyanate on]y produced when format1on of the main

/products is 1nh1b1ted (Saar1v1rta 1973) Tookey (1973b)

suggested/that a spec1f1er protein s1nnlar to

ep1thtospec1f1er wh1ch is needed for the formatton of

teplth1on1tr1les‘could be reponsible for the;formatjon of

th1ocyanate

~ Gmelin and V1rtanen (1960) reported the occurrence of

e

<
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glucosinolate may degrade into alcoho. and th1ocyanate jon.
S1na1b1n (p- hydroxybenzyTgTucos1noTate), and indolyl-

gTu0051nolates glucobrassicin (3- 1ndoTylmethylgTucos1nolate)

and neoglucobrassicin (N methoxy 3- 1ndoly1methy1-

vglucos1nolate) readily y1ered-free thiocyanate ionx(Gmelin'

and Virtanen 1960 1961, 1962). The presence of substantial

Sr1vastava and H1TT (1975) and. McGregor (1978) S1nalb1n
which was found 1n some of the rapeseed var1et1es may be the
precursor of the- th1ocyanate 1on in rapeseed (OTsen and
Sérensen 1980) |

Isoth1ocyanates have been Known to comb1ne w1th ammon1a

t4

_Lto form thiourea derivatives. The thiourea der1vat1ves

¥

which ‘have a h1gh ultra-violet (UV) absorbance at 244 nm, |
were conven1ent1y measured spectrophotometr1cally
{Appelqvist and dosefsson. 1967) . Hydroxy 1sothrocyanates
cycliie into vinyT-'and‘aTTyTjoxazo]idinethione (0ZT) in a
polar solvent The TeveT of DZT can be .readily determined
spectrophotometr1cally based on the absorbance of
heterocyollc r1ng at 248 nm (Wetter 1857). Free th1ocyanate

ion content thCh may be used for. 1nd1rect est1mat1on of

 the Tevel of s1na]b1n and 1ndolylglucos1nolates as weTT, can
'be determwned spectrophotometr1cally (dohnston and Jones

-1966 dosefsson 1968; McGregor 1978) The measurement of

total nitrile content was- made by infra- red (IR)
spectrometry based on . the absorptlon of nitrile functxonal

group nearf4,4 um (Daxenblchler et al. 1967). Determ1nat1ons

W

/
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~of individual hydrolysis products were made possible by GLC
(Youngs and Wetter 1967; Daxenbichler et al. 18970) and the

advent of gas chromatography-mass spectrometry (GC-MS)

enabled quaiitative and quantitative analysis of aglucones

to be accomplished simultaneously (Cole 1376: Buttery et al.

1976; Daxenbichler et al. 1979).

B. Anti-nutritional Factors Related to Glucosinolates
Goitrogens cause thyroid hyper trophy by diminishing the
supply of thyroid hormone available to the body . This is

: accompliéhed either by reducing the supply of iodine

]

available to the thyroid or by ihterferipg with organic
binding of the ijodide ion which reaches the thyroid. An
111ustrat10n of the former mechan1sm is the goi ter produced )
by iodine- def1c1ency or prolonged thiocyanate

administration, whlle the Tatter mechanism is exemplified by

the action of anti-thyroid drugs such as thiouracil (Morris

| and Hager 1966).

Aglucone products Formed'by hydrolysis of .
glu0051nolates are more or less ant1-thyro1d substances
(VanEtten 1969). Enzymat1c hydrolysis of progo1tr1n
(2-hydroxy-3- butenylglucos1nola‘aﬁﬁ§1elds 2-hydroxy-

-3- butenylisothiocyanate wh1ch is unstable and cyclizes to

5-vinyl-2-thiooxazolidone wh1ch is"also called goitrin due

to its strong goftrogenic effect (Kjaer 1960). Thiocyanate
ion has been Known to act as é goitrogenic compound by  «

lower ing iodine concentratiohvwhjle the action of goitrin
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may involve the inhibition of the organic binding of iodine

in a mgpnénfiiké”fﬁaée of anti-thyroid drugs (Greer 1950;

VanEtten 1969). The goitrogenic effect of thiocyanate ion

can be prevented or inhibited by increasjng the:iodine
content of the diet (Greer 1950, VanEtten 1969).
isothiocyanate may exert a goitroggnic effect by formation
of thiourea derivétives (Gree§?2950, 1962)'or by formation
of thiocyanaté ion (VanEtten 1969). Organic nitriles may
also act as goitrogens. As with organic isothiocyanate,

detoxication of nitriles to form thiocyanate ion offers an.

explanation (VanEtten 1969). Since drugs of the thionamide

series are goitrogenic, thionamide produced by non-enzymatic
cleavage éf progoitrin (Austin et al. 1968) may act asya
goitrogen. |

The first definite evidence of the presénce of a
goitrogen 1p food was fortuitously discovered in the.rabbit
fed fresh cabbage (Chesney et al. 1928). Marine et al.
(1929) found that goitrogenic factor(s) were also present in
other:members of the cabbage family or Cruciferae. Onvthe
assumption that the goitrégenic activity was due to |
glucosides, Hercus and Purves (1936) were led to test the
activity of seeds of var ious Brassicaé. They found
gbitroqenic activity in unsteamed rapeseed and'cabbégeﬁseed
and steamed mustard seeds. Purves (1943) repor ted that
racemic thyroxin ih the sma]l.ddse wou 1d abo]ish;the thyroid
hyperplasia induced by feed%ng rats rapeseed. lodine and
diiodotyrosine, on the other hand, would equally modify the
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effect of this diet on the‘baeis'of their iodide content but

would not completely abolish the action, even in large *

doses. Growfh depression and .enlargement of thyroidAglands
was reported when RSMs were fed to chicken (Pettit et al.
1944 ; Turner 1948) and turkey YB]akely and Anderson 1948).
Finally, Astwood\et al. (1949) and Carrol (1943) isolated a
goitrogenic compound from Brassica seeds and identified it
as 1-5-vinyl-2-thiocoxazolidone and the structure was
confirmed synthetically by Eft]inger (1950). When a high
level of goitrin was fed to CHicKens 1131 uptake by the
thyroid glands was decreased initially, but returned to
normal after 3 to 4 weeks (Cland1n1n et al. 1966) It was

noted that the amount of 1725 transferred to the egg was

reduced when the layers were fed high glucosinolate RSM

(Roos and Clandinin 1975, Goh and Clandinin 1977). Addition
of thyroprotein to the diet containing RSM did not improve

the performance of the chicken a]fhough‘the size of thyroid

was drastically reduced (Campbell 1974)

Jackson (1969) noted that layers fed Alger1an RSM
showed high morta11ty caused by haemorrhagic 11ver syndrome
(HLS or fatty l1ver-haemorrhag1C-syndrome). Death rate was
significaht]y Higher in the Hyline 934E strain than in the‘
Hybrfd 4.‘Similar'observetions have been made by other
authors (Clandinin et al. 1974, 1977; March et al. 1975,
1978; Olomu et al. 1975 Si1nger 1976a,b; Smith and Campbell

- 1976; Campbell and Smith 1977). The results obtained

generally indicated that HLS is associated with feeding high
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levels of RSM particularly those from high g]uco§inolate
rapeseed varieties'and thatlcertain strains of chickens,
especially the Hyline 934E strain of Leghorns Qere more
suceptible to HLS than others. Hill and Marangos (1974)
reported that HLS could not be attributed to 0ZT since B.
Juncea meal which has no OZT caused a high incidence of HLS.

Hall (1972) folnd that HLS caused by feeding RSM was due to

}1ysis of the reticular substances of thé liver affected.

Smith and Campbell (1976) supported this finding; however,
Yamashiro et al. (1975) reportedwthat hepatocytic
degeneration‘ratherAthan lysis of reticular framework was
the major lesion of affeéted livers. Pearson et al. (1978)
reported that incidence of HLS was increased by feedihg:RSM
but withou{ affecting the reticulin content of the liver.
Brown (1977) found that. the amount of total collagen
decreased but the proportion of acetic acid-soluble collagen
of total collagen was five t%mesugreater in liver of the
layers fed Span RSM than in liver of the layers fed a
control diet. This suggésted that there‘Was a blockage of
normal collagen synthesis ih livers of birds fed"RSM:bécause ‘
acetic. acid-soluble collagen is usually regardéd as a
metabolic ‘dead-end’ . In other diéorders of collagen
metabolism, such as latthism, a disease caused by ingesting
nitriles, an abnormal accumulation of acetic acid-soluble |
coilagen s?%ilartothat reported was notjced suggesting
that.a nitrile of nitrile'precursor‘present in the RSM was

responsib]e. Although the specific factor responsible for
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HLS has not been definﬁte]y identified, accumulated evidence

suggests that a Hydro]yéis produgl (s) of glucosinolates may

be a major factor in the occurrence of HLS (Campbe]l‘et al.
1878; Clandinin and Robblee 1978). \\
~ Another condition that may be related to glucosinolates

is the production of eggs with a fishy odor by some brown-

' -shelled egg layers. Curtis et al. f1978) reported that

about 10% of bfown shefled?egg'layers in commercial flocks
lay étainted"-eggs when fed rapeseed méaii It was noted thaf
therg was a szstantial difference between tainters‘and
non-tainters antheir ability to metabolize triméthylamine

(TMA) to TMA-oxide which does not cause taint.-Thyroid

.enlargement was significantly greatef'in tainters than in

the non- ta1nters and thyro1d weight. was pos1t1ve1y

~ correlated W1th the TMA content of the eggs (Pearson et al.

1978). In vitro study w1th TMA ox1dase ‘showed that OZT did,
not cause s1gn1f1cant 1nh1b1t1on of the enzyme Therefore,.
it seemed that its effect on'TMA oxidation resu]té fbom;an
impairment of thyEdid function and a‘cqnseqﬁent reduct ion inu
the‘synthesis of TMA'oxidase.;Difference in the extent to
which individual hens are affected by the goitrogen may also
be explained on a genetic basis (Pearson et al. 1979).
‘TheﬁleQel of goitrin aﬁdvpossibly ofher'aglucbne
products may inf]ueﬁce energy'utilizatiqn.bThe aBility of
chickéns fo utilize energy of RSM increased w%th the~1engfh -
of time they were fea a RSM Hiéf before deteﬁmihing the ‘

metabolizable energy (ME)of the feed. This suggests that the
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. adverse eﬂfects which'hypothyroidism might have on -

absorbabitityfdisappeared as time passed (Lodhi et al.
1969). 1t was noted that RSM containing a high level of
goitnin‘gave lower ME value for chicKs than “for taying hens
(Lodhi et al. 1969). Addition of goitrin to a SBM-type d1et
reduced the ME value for young chicks at the level of 0. 09%
but not at the level of 0. 045% of the diet (Lodhi et al
1970). Muztar et al. (1978) repor ted that the ME contents of

Tower and Candlé RSM, which are low in ag]ucone products,

A

were 2,210 and 2,280 kcal/kg DM respectively for Leghorn
. ¢ . . ' x . .

‘roosters. March and Soong (1978) reported an .ME value for.

Tower RSM of 2, 280 kcai/Kg’DM for 3 week old chicks These
"ME values are swgn1f1cant1y h1gher than 1, 760 Kcal/kg
(as-fed) for high- g]ucos1no]ate RSM suggested pnev1ously
(C]and1n1n et al. 1972),

Studles that have been}conducted with nitriTes suggest
that they may have more severe anti- nutritional effects than
go1tr1n Srivastava et al (1975) reported that feed1ng
autolyzed RSM wh1ch conta1ns a h1gh level of n1tr1le

depressed growth ofqrats and- ch1ckens Dther workers (Tookey

et al. 1965; VanEtten et al. 1969a) observed that nitriles

produced from autolyzed Crambe seed mea] were e1ther tox1c

‘or fatal when they were administered to rats.
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,fExper1ments were conducted to study d' -,'.e{\

. nf\Sect1on A Products of the Hydrolys1s of Rapeseed )

Glucos1nolates
Sect1on B The Effect of Heat treatment and Enzyme
‘hydPOIYSTS Of Rapeéeed Mea] ‘oh- the Performance of’f”v

ey Sl A

Broiler Ch1cken

‘Se01on C; .The Effect of Sod1um thxosutfate and Hydroxo~ '

-cobalam1n on Rats Fed Nitrile- r1ch or Go1tr1n r1chj{fd5,f

Rapeseed Meals

21
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'MA. Products of the\Hydno]ySis of Rapeseed Glucosinolates.

Introduct1on |
Enzymatxc hydro]ys1s of the glucosinolates found in
-seeds of the CPUleEPae family yields a variety of

substances produced by rearrangement of the aglucon portion.

."Thevcatabollsm of,ﬁhe 2-hydroxy-3-butenyl g]ucos1nolate

‘3'knowm as—progoitrin or g}gcorapiferin has long been studied

since goitrinv( 5~viay1-oxaz01idine-2-thione) is formed by

"spgntanedus cyclization of its aglucone portion(a B-hydrdxy

isothiocyanate) (Kjaer'1960). Epiprogoitrin, which differs

- only in stereochemical configuration from progoitrin, was

isolated from'Crambe_abyssinica (Daxenbichler et al. 1966).

, Enzymatic hydrolysis of epiprogoitrin ((25)-hydfoxy-3;

-bqtényl glucosinolate), the major glucosinolate of Crambe

~ seed, produced (R)-goitrin and (5)-1-cyan042¥hydroxy?3-

-butene. Two dfastereoheric cyano-compounds (25)-1-cyan0f2-
’hydroxy-3,4-epithiobutanes were afso;formed fhom
ep{progoitrin (Daxenbichler et‘él. 19?8). Progoi}rin from B.
napobrassica Mill (rutabaga) and B. napus yielded the

enantiomeric (S)-goitrin and (R)-1-cyano-2-hydboxy-S-bdtenev
g

" {Daxenbichler et al. 1966: VanEtten et al. 1966) Isomeric

(2R) -1~ cyano 2- hydroxy 3,4- ep1th1obutanes were also formed

-from progoitrin of B. napus meal (Daxenblchler et al. 1967)

" and B. campestPis ( Lo and H111 1972)

Bes1des the above hydroxy glucos1no]ates the presence
of numerous non-hydroxy g]ucosinolates has been shown. Major

aglucone products of non-hydroxy glucosinolates in the ray'
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seeds of some Brassica spec1es were cyano epithioalkanes
(Kirk and MacDonald 1974; Co]e 1975, 1976).

The pattern and amount of hydrolysis products of
glucos1nolates varies with the natures of glucosinolates and

myrosinases (Henderson and McEwen 1972; Tookey 1870,

‘1973a,b) and d1fferent hydrolytic conditions (VanEtten et

al. 1966; Appe]qv1st and Josefsson 1967; Tookey 1970). A1l
of the products from the aglucone port1on of g]ucos1no]ates
are, to a greater or lesser extent, goitrogenic or otherw1se
toxic. Since nitriles are much more toxic than goitrin.
which is in turn more toxic than either isothiocyanate
(VanEtten et al. 1969a; Srivastava et al. 1975 or
th1ocyanate nitriles and goitrin tend to be oﬁ greater
1mportance in the ut1112at1on of RSMs by 11vestocK

Information on the hydrolysis products of

glucos1nolates from rapeseed varieties have been reported by

“several authors (Lo and Hill 1972; Srivastava and Hill 1974;

Smith and Campbell 1876). However, since the}products may
have far-reathing physiological effects, this experiment was

'oonducted,to study the effect of pH, heat treatment, and

different enzyme sources on_the enzymatic hydrolysis'

‘ products of rapeseed glucosinolates part1cu1ar]y with

respect to the formation of 1nd1v1dua1fn1tr1]es. Non- hydroxy
epithionitrilesefound in the rapeseed ;arieties are also
repor ted here.

Exper imental

A number of g]ucosinolate-containing meals were
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employed in the study including high glucosinolate (Torch -

and Midas) and low glucosinolate (Candle, Tower and Regent)

varieties of rapeseed. Commercial samples of LEAR (low

erucic acid rapeseed; derived from a mixture of Torch and
Midas seed), Crambe abyssinica and rutabaga (8. napobrassica
Mill) seeds were used to prepare meals with a wide range of
glucOsinoiétes;

Preparation of Sample for Gas;liquid Chromatog;aphic (GLC)
Determination:” | »

- Meals were produced from either raw or heated seed of

~each variety. The‘heatedﬂseed was prepared by autoclaving

the seeds at 110°C for 15 minutes unless specifiéd
otherwise: The seeds, éifhgr raw or heqted,‘weﬁe then ground
and extractédsQith pentane for 48 h to remove the oil.
Citrate-NazHPOq‘bufferS for use in the hydrolysis of the

meal were prepared as described by Gomori (1955) forvthe

- "1X" buffer and the molarity was doubled for the "2X"

- . buffer. Myrosinase of yellow mustard (Sinapis alba) was

prepared by fhe éthano] precipitation method of'Appeldviétf
and Josefsson (1967) and semi-purified rapeseed myroSinases
were prepared:by the saﬁe method but were redissolved and
reprecipftated. The samples of~heal were then subjected fo-
eniymafic hydrolysis and the products formed'were determined
by ‘the method of Daxenbichler et al. (1970} with minor

modifications. The procédure USed was. as follows. In the

"hydrolysis of raw;mea1s (autolysis,‘i.e.,‘hydrolysisiwithout

addition of exogenous myrosinase), 2 ml of 1X buffer
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solutions or 2 ml of distilled water was added to I g meal.
No external source of myrosinase was included. In the
hydrolysis of heated meals, 2 ml of distilled water and 10
mg of.isolated myrosinase were added to 1 g meal. After
thorough mixing, the vial containing the mixture was sealed
and»incubated at 37°C forf1 h in the case of raw meals and 1
h or longer as specified in the case of‘heated meals.
Following incUbation, 30 ml of methylene chloride (CH,C1 )
was added and the shaken mixture was filtered through fast
filter paper. To 10 ml‘of the organic phase was added 0.5 mg
of internal standard (heptadecanoic‘acid meth;i ester) and
the mixture was concentrated_under flowtng N, to
approximate]y 1 ml and the concentrate was used for GLC

determ1natlon of the hydrolysis products present Since the

'_ pH of the hydrolysates of raw meals with 1X buf fer changed

the 2X buffer system was used to ma1nta1n constant pH during

incubation. To 1 g sample was added 15 ml of 2X buffer (pH 4

“or 7) and the mixture was 1ncubated us1ng the same -

conditions as above. This amount of 2x buffer was the -
minimum amount requiredito maintain }he.desired-pH. The
hydrolysate»was centrifuged (about 5,000 g) and 5“ml‘of-the
supernatant was taken to be extracted with 30 ml of -

methylene ch]or1de along w1th an 1nterna1 standard. The

aqueous phase of pH 7(2X) hydrolysates tended to form

,th1cker emuls1ons than those of pH 4(2X) hydrolysates when

methy lene chlor1de was used for extract1on The emulsion

‘formed was centr1fuged at 20.000 g. The aqueous phase was

»
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reextracted with 15 ml of methylene chtoride phase and

- centrifuged. The'methylene chloride phases from both steps

were combined and concentrated. The:recoyery of hydrolysis

, / - A
produdts was increased by the second extraction in the case

of pH 4(2X) buffered hydrotysates opt was not increased in
the pHﬁ7(2X) buffered hydrolysates. Therefoneﬂ a third
extraction was conducted on the pH 4(2X) samples.
Gas-1liquid Chromatography. | d

Determinations were made with a Bendix Gas Chromatograph
2506. A glase column of 1.5 m x 0.5 cm was packed with t%
EGSS-X (Applied Science Laboratory‘Inc )'on‘Gas—Chrom Q
(App]led Scxence Laboratory Inc.) and conditioned at 200°C

with f]ow of N carr1er gas. The co]umn temperature was p

_'programmed to hold at 110°C for 3 m1nutes and then to-

1ncrease by 5 C per m1nute to 210°C. The 1n3ector transfer'

and detector temperature used were 200°C, 230 'C and 250 C

respectively. Methyl heptadecanoate was used as an 1nternaL

lancame instead of methy]pa]mltate (Daxenb1ch]er et al.

:Mnethylstearate {Lo and Hill 1972) in order to

;fthe reso]ution'of peaks of the chromatogram under‘
fhditions used in this experiment. The three‘internal'
;ards showed the same~magnitude'of reéponse,in the

;tor. The relative reSponses of 1- cyano- 3,4- ep1th1obutane
ﬁ ;t -cyano -4,5- ep1th1opentane were measured to be 58 and

%ﬁ of the internal standard respect1ve]y For other

c0§§ounds the relat1ve reSponses used by Daxenb1ch1er et al.

(1970) sere employed



University of A Iberta .

P

\\Isojation and Identification of Nitriles: -

For\the GLC de¢erm1nat1on of hydroxy n1tr11es standard

preparations of (S)-1 cyano 2-hydroxy-3- butene, (25 3R)-1-

-cyano- 2- hydroxy 3 4- ep1th10butane and (2§, 35)-1 -cyano- .

"-2-hydroxy-3,4-ep1th1obutane were obtained from Northern

Regional Research Laboratory, U.S5.D.A., Peorta, ., U.S.A.
Goitrin was prepared' in ourltaboratory by the method ot‘
Astwood et al. (1949). | |

In order to 1dent1fy 1- cyano 3,4- eptthtobutane and
1- cyano 4 , 5= eptthlopentane, hydrolys1s products of Torch
var1ety of B campestrls were used: Unheated Torch seed was

crushed and fat was extracted with pentane to prepare the

‘meal. To 100 g of the meal was added 200 ml d15t111ed water

. and the mtxture was 1ncubated for 1 h at 37°C. The

hydro1yzed meal was then extracted with 1,000 ml methylene
chlortde, and filtered. The ftltrate was concentrated in
vacuum to 5 ml and the prec1p#tate was removed by
centr1fugat1on The supernatant was applted to a 5111ca gel
column and eluted w1th ether petroleum ether. (3 1) as
descrtbed by Daxenblchler et al (1966). The concentratton
of 1- cyano 3,4- eplthtobutane plus 1- cyano 4, 5 epithiopentane
in succe551ve 10 m! - fractions of eluate was estimated by
silica ge]-th1n-1ayer-chromatography (TLC) developed. by
todine vapor The highest'COncentrations were detected at

about the tenth fract1on Fractions of high concentration

"-were concentrated and sub jected to GLC (5% EGSS-X on

‘ Gas-Chrom_Q),and the peaks for the two nitriles were
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: Spectrophotometrlc Determ1nat1on of Isoth1ocyanates and -

collected. Infra-red (IR) spectra of the pure compounds weré"
~ measured with a Nicolet 7199‘FT-IR Spectrometer and proton
spectra with a FT-NMR. Mass spectra were obtained by h1gh °

_resolut1on mass spectrometry (M/S 50, AEI) for. 1so]ated

compounds and by low resolut1on GC MS spectrometry (M/S 12

AEI) for comp]ex compounds both us1ng electron 1mpact at :

70eV

&

”Go1tr1n

The 1soth1ocyanate and 901tr1n content of RSMs were

determ1ned by the method of Appelqv1st and dosefsson (1967).

.-,Results and D1scuss1on , '
A typ1ca1 gas chromatograph of the autolys1s products‘ o
~of glu0051nolates from B Campestrls Torch"var1ety is

_shown in F1gure III 1. From the chromatograph three hydroxy.‘

n1tr1]es (N2 N4 and N5) and go1tr1n were est1mated but on

first separat1on N1 and N3 were unKnown compounds . Torch_':”.

produced the hgghest 1evels of N1 and N3 compounds but
s1m1lar peaks of lesser magn1tudes were found 1n meals of

other rapeseed var1et1es » f7'

‘e

_Ident1f1cat1on of 1- cyano 3 4 ep1t10butane and 1- cyano 4 5-

o -ep1th1opentane from Rapeseed Mea]

Based on the data obtamed from GLC IR, NMR and mass

spectrometry. the unknown compound represented by the peak

N1 was 1dent1f1ed as 1- cyano 3 4- ep1th1obutane.

CH —CH—(CHz )2 —CN
_ \§/

-3
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Figure II1.1 Chromatograph of hydrolysis products of
glucosinolates from raw Torch variety of B. campestris

O
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’ and the peak N3 was identified as 1-cyano-4,5-

-epithiopentane;
QCZ;CH—(CHZ)a—CN
S

The infra-red spectra of 1-cyano-3,4-epithiobutane and

_ 1-cyano-4,5-epithiopentane are shown in Figure I11.2 and

Figure. 111.3 respectively. The typical band for the nitrile
group occurs at 2246 cm~'. A strong/band at 1050 cm-!' may be

attributed to the wag of the rihg methylene in the structure

-of the cohpounds (Kirk and Macdonald; 1974). Strong bands

around 2950 cm-' and 1425 cm-' may. be caused by stretching
and scissors wbration of -CH,. |

The NMR spectra of the 1-cyaho-3,4-epithiobutane and
1-cyano-4,5-epithiopentane are presented in Figufe,%51.4 and
Figure I11.5. No resonance below 1.3 indicates the absence
of C-methyl protons and no resonance above §3.3 indicates
the absence of olefinic doub]e bond. A s1ng]e proton
multiplet centered near §3.0 can be attrlbuted to the ring
proton on C-3 of 1 cyano-3 4-ep1th1obutane (Kirk and
MacDonald 1974)%and on C-4 of 1-cyano-4,5- ep1th1opentane
The peak occuring between §7 and 68 results from the

internal standard CDC13. No effort Was made to identify the

comp lex peaks between §1.3 and §2.75.

Mass spectra of the compounds were measured with: both
h1gh reso]ut1on MS and low resolution GC/MS (Table III.1 and.
Table II1.2). Measured masses were 113.0292 for

1fcyano-3.4-epithiobptane (theoretical mass: 113.0299) and
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Figure 111.2 Infra-red spectrum of 1-cyano-3,4-epithiobutane
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F1gure III 3 Infra-red spectrum of 1-cyano-4, 5-

-epithiopentane
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Figure II1.4 NMR spectrum of 1-cyéno-3.4-épithiobutane
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Figure 111.5 NHR spectrum of 1-cyano-4,5-epithiopentane
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Table I11.1 Mass spectrim of‘i-cyano-3,4-epithiobutané

Relative Intensity

M/e - Composition - High Resol. MS Low Resol. MS
113 - CsH,NS | 100 25
112 . CHeNs  +%. ; N ] 1
98 C,H NS | - 1
86 C,H;S ‘ o 35 - 6
85 C.HeS N 1 4
81  CgH,N - A 6 20
B0  CgH, N - 22 7
P79 CHeN 7 -2
S T3¢ CeHc S 55 15
71. CoH, S 0. 3
67 C.HN 33 8
60 - C,H S 45 14
59 C,H,S 0 7
58 C,H, S 0 . 5
54 CH 12 AN
54 C,H,N 16 . -
54 C.H + C,HN - 30
83 CH. T 29 16
47 cHd - 12
41 CgHs + CoHy N - 100
39 ‘Cl3H3. : - 43
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Table IIl.2 Mass spectrum‘of 1-cyano-4.5-epithiopentane
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Relative Intensity.

Composition High Resol. MS Low Resol. MS

M/e

127 C.H NS : 100 4

126 C.H NS 13 1
94  CoHIN 25 4

87 C.HS. 15 2
86 C,H. S 13 1
85 C.H S 19 2
82  C.H N 12 2
81  C.H,N 12 1
74 CH'S 26 - 3
73 CiHs 27 3
67 CsH, 46 12
66 .CqH 20 | 5
61 C,H.S 4 22
60 " CoH S 27 4
55 C,H, 38 100

A 54 CQHGA 19 -
54 CHS 14 -
54 C,Ho + C,H,S - 3
53 C,H. - 17 12
47  cH3d - 6
45  CHS - 10
41  CgHs + C,H, N - 88
39 Cc.H - 39
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127.0455 for 1-cyano-4 5-epithi0pentane (theoret1ca} mass:
12730456). Parent molecular peaks of both compounds were
base peaks with high resolution mass spectrometry. ~The mass
spectrum of 1-cyano-3,4- ep1thlobutane closely matched that
obta1ned by Kirk and MacDonald (‘974) who isolated this
compound from the autolysis products of glucosinolate
(3»buteny]-gJuoos1no]ate) of Yellow Sarson (B. campestris).
The spectrum of 1-oyano-4,5-epithiopentane was&a]so in good

agreement with the spéctra published by Cole (1975) who

| isolated th1s compound from a number of members of the

Cruciferae fam1ly Based on the data obtained here and their
swmllar1ty to publ1shed data, it was concluded that the

compounds 1so1ated from Torch RSM were

P

1-cyano-3,4- epjth1obutane and 1-cyano~4,5-epithiopentane.

It is Tikely that 1-cyano-3,4-epithiobutane and

‘1-cyano-4,5-epithiopentane are derfved from gluconapfn

(3- buteny] glucos1nolate) and g}ucobrass1canap1n (4- penteny]
g]uc051nolate) respectively because the presence of these
glucosinolates in the seed of B. napus and B, campestrls is
Known (dosefsson 1970) Other nitriles that might have been
formed are 1-cyano-3-butene from gluconapin and

1- cyano 4- pentene from g]ucobraSSICanapln because the1r}

"presence in autolyzed RSM (Anjou 1978) and crude rapeseed

oil (George and Toregard 1978) ‘has been reported but their
presence was not detected in the present GLC system. perhaps

because of their low boiling p01nt
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Influence of Hydrolysis Conditions on the Formation of
Nitriles and Goitrin: |
Effect of pH.

In an initial study, the pHs of hydrolysates' of

raw and heated meals were measured. The pHs of a number of

raw rapeseed CFambe and rutabaga seed meal preparat1ons

~after auto]ys1s in distilled water ranged from 5. OO to 5 72.

The pHs of heated RSM preparat1ons after incubation with

‘mustard myroswnase ranged from 5.14 to 5. 65 (Table I11. 3)

The hydrolysates of high glucosinolate var1et1es had lower

pHs (Crambe 5.00; rutabaga 5.10; M1das 5.15 for raw meal and

5.14 for heated meal) than those of low glucos1nolate

varieties (Candle 5.72 and 5.65; and Tower 5.75 and 5.85, .

~ for raw and heated meal respectively). Heated meals
» hydrolyzed with mustard myrosinase tended to have a slightly

lower pH than those of raw meals.

A possible explanation of the pH‘differences,in
hydrolysates of high and low glucosinolate varieties is that

h1gh glucosinolate varieties (or species) release more acid

sulfate (Croft 1979). ‘Hydrolysis of heated meals'with

~mustard myros1nase must have released slightly more acid

sulfate from glucos1nolates than autolys1s of raw meals
because the pH of the-former was_s]yghtly_bpt consistently
lower. As the pH of hydrolysates in the present study was
approximately 5.4, two extremes, pH 4'ahd'7,’were,chdseh‘for
study. The pH of autdlysis_samples with 1X buffer solution

increased during 1 h of incubation from the initial 4 to
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%Table I11.3 pH of hydrolysates of seed meals

Variety & Species Raw Meal! Heated Meal?

Candle (B. campestrisi 5.72 5.65
Torch (B. _campe'stpis.) 5.46 5.21
‘Midas (8. napus) 5.15 5.147
Regent (B. napus) 5.50 5.41
Tower (8. napus) 5.75  5.65
LEAR?® 5.30 -
Crambe abyssinica 5.00 - -
Rutabaga~ 5.10 - -

' Autolyzed for 1 h at 37°C with 3 ml of distilled water.

2 Hydrolyzed with mustard myrosinase under the same
conditions as raw meal. = o , .

3 Low erucic acid rapeseed; derived from a mixture of Torch
and Midas seed. : '
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approximately 5 for samples with an initial pH of 4 and

: decreased}from 7 to approximately 6 for samples with an"

initial pH of 7. Thus, in the interpretation of data,

autolysjs products with pH 4(1X) buffer may have been

ﬂ}'5 and  those with pH 7(1X) may have been

. v _ -
:f of differing pH and buffenTConcenfrationsgon
_'§>products from raw meaTs'of rapeéeed, CFahbe
5 and rutébaga are presented in Table III.4 In
';gfances auto]ys1s of raw meal produced mainly
f, and a small amount of go1tr1n This was similar to
;ervation of Daxenbichler et al. 11968, 1870) with
fresh ind wetted Crambe meal. In the case of rutabaga énd‘
Zyial C, however, the levels of goitrin produced were d
-fmghgh‘the.levels of total nitriles. Acidic condition
(pH 4, either 1X or 2X) favored the production of total |
Jg’autolyzed Cendle, Torch and Tower meafs.kLeyels
it 4-epithiobutane and 1?cyano-4-5-epithiopentaned

g ést sens1t1ve to the change of pH Total nitrile

- production of the Regent hydrolysate d1d not show not1ceab1e

difference when pH 7 or pH 4 was used in the ‘autolysis, but

- the production of{1-Cyano-3,4-epithiobutane and 1-Cyano:4;5_

| -epithiopentane Wasfgreater‘under aCidiciCOnditions The

hlghest level of total n1tr11e product1on occurred w1th

M1das meal while Torch showed the h1ghest level of

non- hydroxy ep1th1on1tr11e In genera] the non- hydroxy'

ep1th1on1tr1]es showed more sens1t1v1ty to the change of pH

-
M .
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~ than the hydroxy nitriles. The pattern of hydrolys1s

products of Midas meal A (Figure I11.6) is in agreemeat with
the pattern of Meal A of VanEtten et al. (1966) and Meal B
of Tookey and Wolff (1970} who reférred to it as the "fresh
meal pattern”. ~

While the pat;erns of goitrin production in other
rapéseed meals (e.g. Toréh‘in Figure I11.6) were not

markedly influenced by pH, those of the total nitrile

production are similar to that of Midas meal A which

pfoduced the highest levels of total nitrile and the lowe;t
levels of goitrin at pH 5 to 6. The optimum pH for nitrile
production from endogenougdeniymatic_hydrolysis of
glucosfnolates present'in fhe complex system differed from
that reported by Daxenbichler et al. (1966) for nitrile
product1on in an isolated system in which pur1f1ed
ep1pr0901trﬂn was hydrolyzed by mustard myrosinase. In the
isolated system the optimum pH for the production of .nitrile
was appboximate]y 3 and minimum production occurred at bH
5-9, wh1le the reverse held for the product ion of goitrin.
D1fferences in amounts and pattern of hydro}ys1s products
within dlfferent samples of the same variety (e.g. Midas or
Tower ) may be attributed partiy to the different aging
period and to variations withfn the variety. Increasing the
concentéation of.buffer solution at pH 5. 4 (the average pH
of hydrolysates with water) did not show any consistent
1nf1ueqce on the pattern or the amount of autolysis

products. However, it was observed that at the pH 4 and 7

had



{
IOF
s
@ o
')
E
£ -
I
o]
£ ,L
=
2.—
0 _J

—O— Total nitrile in Midas
==~r— Total nitrile in Torch
==O== Goltrin in Midas
= Goitrin in Torch

Figure 111.6 Autolysis products of raw rapeseed
glucosinolates at different pHs (Midas and Torch)
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with 2x buffer, less total nitri\gs‘and goitrin were
produced than at the intermediate pH with 1x buffers that
were not strong enough to maintain tﬁe initial pH. As,the.
myrosinase activity of Turref.variety of B. napus (Henderson
and McEwen 1972) was maximum around pH 5. 5;”and wés reduced
greatly at pH 4 and 7 w1th a c1trate NazHPO buffer system.
it is more 11Kely that the reduced total product1on of
nitriles and goitrin is caused by unfavorable pH for enzymé
activity rather than increased concentration of buffers.
Although the nitriles and goitrin measured here do not
account for all of the products from aglucone rearrangement,
they showed differences in the total amount of aglucone
products‘under~present experimental conditions..However, it
was reported that total glucosinolates hydrolyzed was not
influenced by the change of pH during hydrolysis when it was
measured by titration of H30, ion liberated (VanEtten et al.
1969 X
fofect of heat treatment. |

As expected from the observétions of Daxenbiéh]ér
(1966) with epiprogoftrin and VanEtten et al. (19665 with
Crambe seed, the production of goitrin was 1owest in réw
meals (Table I11.4 and Figure II1.6). When RSMs prepéred,
from heated rapeseed webe autolyzed only a trace of agluconé
products was detected regardless 6f varying heat-treatments
(Table III.5).JIn,Qrder to destroy the factor(s) respdnsible
_fdr low yield of isothiocyanaie Appleqvist and Josefsson

(1967) had to heat rapeseed at 100° - 110°C for 15 miniutes
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t

Table IiI.5 Autolysis productslof glucosinolates of rapeseed
meals prepared from seeds treated under different
conditions of time and temperature (mg/g meal)!

Heat-treatment -

Rapeseed Temp. Time Container N22 Goitrin

Torch 110°C 5 min. Autoclave 0.03 0.11
110°C 15 min., Autoclave 0.05 0.48
110°C - 15 min. Closed vial 0.02 0.086
110°C 30 min. Autoclave 0.07 0.14
121°C 30 min. Autoclave 0.18 0.40 .

Midas 110°C 5 min. Autoclave 0.06 0.14
110°C 15 min. Autoclave 0.13 0.06
110°C 15 min.. Closed vial 0.10 0.01
110°C 30 min. Autoclave 0.06 0.39
121°C 30 min. " Autoclave 0410 . 0.18

' Average valueLof duplicate samples, '
2 1-cyano-2-hydroxy-3-butene. Other nitriles are detected
only. in a trace amount (<0.01). : .
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in a closed vessel. All heat-treatments tested in the
present study were sufficient to‘inactivate myrosinase and
produce minimum amounts of ‘aglucone products on autonsts
Small amounts of 1-cyano- 2 hydroxy 3- butene and 901tr1n were
cons1stent1y detected in those meals. Since the increased
temperature and time of treatme?t of seed did not further
reduce the amount of ag]ucones present 1n RSM, a low level
of hydro]ys1s products\nay have been present in the rapeseed
prior to process1ng Based on these results, in further
studies heated RSMs were prepared by autoclaving seeds at
110°C for 15 min. o

| Onshydrolysis of heated RSMs with -exogenous myrosinase,
the products of the glucosinolates show a completely

different‘pattern than those produced by glucosinolates in

raw seed mea]s. In the present assay of hydrolys1s products

. of glucos1nolates from heated rapeseed meals, no effort was

\

\ .

- hydrolysates averaged 5.4 (Table III.3). Table 111.6 and \

Table'III.7 show -the concentration of hydrolysis ‘products of\\

- meals prepared from heated seeds of different varieties. The \\

level of goitrin was much h1gher than that of 1soth100yanate \
in ejther Tower or LEAR meal (Table III 6) Since the level |
of 1soth1ocyanate determ1ned here is the sum of all the

volatile 1soth1ocyanates, progoitrin is more abundant than

the volatile isothiocyanate- producing glucos1no]ates 1n

those RSMs. Incubation of heated seed meals w1th myrosinase

produced only small amounts of nitriles regardless of
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Table I11.6 Level of isothiocyanate and go1tr1n in heated
.Tower and LEAR meal hydrolyzed w1th mustard myros1nase

{mg/g meal)"
Variety Isothiocyanateg‘ Goitrin
Tower 0.67 o 1142’ |
'LEAR? ~ 2.68 7,82

£

7

' Average value of dupl1cate samples analyzed by the method
of Appelqvist and Josefsson (1967).

2 Low erucic acid rapeseed; derived. from a m1xture of Torchf:»

and Midas seed.
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sources of enzymes (Table 111.7). It appears that almost all’
of the aglucone portion of progoitrin was converted to
901tr1n and that the aglucone port1on of non- hydroxy |

glucos1nolates such as gluconapin and glucobrass1canap1n

were converted to 1soth1ocyanate The major nitrile produced N

from heated meal was 1-cyano<2-hydroxy-3~butene but it was

‘produced in very small amounts.

Influence of source of enzyme.

The'myrosinase obtained from mustard seed was much
more active than semi-purified myrosinases prepared from
rapeseed. Incubation of heated seed meals}for 1 h with
mustard myroslnase'yielded from 2.5 (Candle) to 15 (Midas)
times more go1tr1n than with semi-purified rapeseed
myr051nases (Table II11.7). The htgher activity of mustard

myrosinases noted asAcompared to seml-purified rapeseed

myrosinases agrees with the observat1ons of Henderson and

eMcEwen (1972) and Lonnerdal and Janson (1973).

The yield of go1tr1n after 1ncubatlon of heated meal

w1th myros1nase der1ved from M1das meal 1ncreased as a

function of 1ncud<;1on time reach1ng a plateau in 24 - 36 h.fﬁfi‘
' (Figure II1.7). When ground raw M1das or Tower seed was ; |

‘added as a source of enzyme, max1mum productwon of goxtr1n ‘

occurred within 12 h incubation with 5 or. 10% added seeds
(Figure III 7 for Midas and Table LI, 7 for Tower) When 1%
mustard merSInase was used max1mum product1on of go1tr1n
had already occurred . after 1 h of incubation. Some |

inactivitation of the isolated rapeseed myr051nase may havev
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occurred in the preparation due to oxidation because the
crude enzyme requ1res a reducing agent such as
mercaptoethanol or ascorbate for stab111ty (TooKey 1973a)

The hydroly51s pattern of glucosinolates 1s complex

- For the product1on of 1- cyano 2- hydroxy- 3—butene a -

part1cu1ar enzyme fract1on and ferrous 1on was requ1red
(Tookey 1970, 1973a,b). In add1t1on~t0'myr051nase another
prote1n referred to as ESP (epithio specifier'pbofein) was ..

required to promote the formation of 1-cyano-2-hydroxy-3,4-

-epithiobutanes (Tookey 1973b). A hypothesis by Tookey and

Wolff (1970) to accoUnt.for the complex products formed in

- Crambe was that the factor(s) required for production of

- cyano-compounds is easily oxidized and unstable. Since ESP

is unstable and subject to oxidation;'the Crambe enzymatic
system may be’destroyed by exfremeechahge in pH, by aging of
meai, by ag1ng in solut1on but the most of all by heat
treatment The same factors may have affected the results
observed with rapeseed meals in this study. In addition,

hydroxyvepithionitriles produced from progoitrin easily

- undergo po]ymerization.(Daxenbiéhier'ef'all 1968) by

”

prolonged incubation time'or'during storage of compounds.
Such instability may also have affected the results of this

study.

‘Summary o | L

\iA study was conducted to identify the products, mainly
nitriles and goitrin, of enzymatiC‘hydrolySis of

glucosinolates present jh meals of a number of rapeseed
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varieties. ‘
 The pH of autolysates of mealsxfron seeds of the

Cruciferae fami'ly ranged from 5.00 to 5.72. High

aglucosinolate varieties had lower pHs than "low glucosinolate

varieties. On autolysis of raw meals, the main nydrOIysis

products were nitriles w1th maximum product1on occurr1ng at

- about pH 5 to 6 The most stable n1tr1le when hydrolys1s

'cond1t1ons were changed was 1- cyano 2- hydroxy 3- butene ‘The

presence of the nitriles, 1-cyano-3,4- -epithiobutane and 1-

. -cyano-4, 5*ep1th1opentane, in rapeseed mea 1 hydro]ysates was

conf1rmed by gas- ]1qu1d chromatography,b1nfra red

spectrometry, nuclear magnetic resonance and mass

-spectrometry. Both nitriles were found in Candle, Torch,
Regent, Midas and Tower RSMs. Goitrin was the predominant

- product from'heat‘treated meal regardless of source of

Myrosinase enzyme. The enzyme'activity of semi-purified
myrosinase of RSMs was 6 to 40% of that of mustard

myrosinase.
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B. The Effect of Heat-treatment . and Enzyme-hydrolysis of
Rapeseed Meal on the Per#prmance of Broiler Chicken.

ﬁ'lntroduction

HydrotySis of glucosinolates of rapeseed or RSMs has a

great influence on their nutritive value and the influence

appears to be related to the levels and kKinds of

gluccsinolates tn different varieties of,rapeseed and the
hydrolysis conditions used.'Amcng the hydrolysis products
formed, nitrilés and gottrin exert the greatest toxtc‘
effect. Feed1ng rat1ons conta1n1ng 58% autolyzed Crambe seed
meal to rats caused death in all rats within 2 weeks ( Tookey

et al. 1965). VanEtten et al. (1969a) demonstrated that

“either autolyzed Crambe meal, identified as being rich in

hydroxy nitriles, or the nitrile mixtuzg itself.Was more

~_harmful to rats than goitrin. In the'experiment nitriles

caused poorer growth or death and resulted in enlargement h
of 11vers, K1dneys and thyro1d glands and produced

h1stolog1cal lesions. Rats fed meal conta1n1ng 1ntact

}ep1progo1tr1n plus active myrosinase had similar, but |

"}m1lder, lesions than rats fed. the nitrile mixture. A similar

sfudy conducted with rats and chickens using high

¢ oy
. \\,‘/u

‘,glucos1nolate RSM showed that n1tr11e rich RSM was mOre

tOXIC than g01tr\n rich RSM and that. rats were more severely

- affected than chickens (Sr1vastava et al. 1975). A comb1ned“

level of potential go1tr1n and 1soth1ocyanate up to 1 mg/g

of diet had no influence on the welght gain of mice

(Josefsson and Munck 1973) but the same level of nitriles in
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the diet could be harmful because heat,treatment:improved

growth rate of mice.

The beneficial effect of heat treatment on the

\‘VHﬁtr1t1ve value of hxgh glucosinolate rapeseed has long been -

recogn1zed (Bayley and Summers 1975). Heat- treatment
inactivates factor(s) that convert ep1progo1tr1n to cyano

compounds (Tookey and WOTff‘1970' Josefsson 1975a) as well

as 1nact1vat1ng myr051nase As a result of heat treatment

progo1tr1n is converted to goitrin whtch is less toxic than |

nitriles upon hydroly51s with éxogenous . myros1nase . |
Whlle Leeson et al. . (1978) found that layers or

bro1lers did not respond to heat treatment of low_ :

glucos1nolate Tower rapeseed others (Lo and Hill 1971;

Josefsson and Munck 1972: Josefsson 1975b) noted that mice o

did respond to this treatment of low g1u0051nolate Bronowskl'

RSMS v' - ¥ - ‘ . ) : A \

Since stud1es on the nutr1t1ve value of RSMs have

provided 11m1ted 1nformatlon on the comblned influence of

content of hydrolys1s products of rapeseed glucos1no]ates

an expertment was undertaken w1th bro1ler ch1cken to study

the effect of these factors

Experimental

.‘Marerials and MethodS' ",' - '\~_f

In the experlment seeds of two var1et1es of rapeseed

‘ elther raw or heated, were defatted and hydrolyzed in

different ways The treatments were. designed to produce

—
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meals that contained or had the potential to produce varying
levels of nitriles or goitrin in the rations fed to broiler .
chickens A portion‘of each of two varieties ofwB napus, ’

(Midas, a h1gh glucos1nolate var1ety and Tower, a low

P

' glucoswnolate var1ety) was heated in the autoclave at 110 C

for 15 m1nutes while the rest was unheated
The rapeseed samples..e1ther raw or heated were groundv:
coarsely and the oil was extracted in a Soxhlet apparatus

for 24 h using hexane The solvent ‘was removed from the

- meals by drylng under a fume hood. Meals thus prepared were

“then divlded'into three parts and treated. in one of three

ways. Onelportion of. each meal-was thoroughly mlxed;with'lQ%»

~ground raw rapeseed as a source of myrosinase and mixed 1:2 -

(W/w)vuith distilled water The mixture was then incubated

at. 37°C for 24 h to allow complete hydrolys1s of the

: glu0051nolates present. After 1ncubat10nl the hydrolyZed RSM

was cooled and freeze-dried under vacuum. These meals were

'referred'to as pre—hydrolyzed freezefdried (PHFD)Vrapeseed

- meal. The PHFD meals were addedito the rations‘at a level of

22%. The second portionjof“each varjety of‘RSM was.mixedaﬁn}',.
thévration at’a level'of“20% alond w;th 2%~gr0undjraw
rapeseed to\serve as a source of enzyme for poss1ble :
hydrolys1s of the glucos1nol tes in the d1gest1ve tract The

th1rd portion of each RSM w m1xed 1n'the»rat1on at a level

of 20% along w1th 2% ground heated rapeseed and therefore

provided no myr051nase for hydrolys1s of the glucosxnolates

in the heated meals 1ngested An 1socalor1c and

vy
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isonitrogenous ratfon containing soybean meal served as a

control. |
Two hundred and sixty day-old, cross-bred male broiieg
chickens (White Mountain male x Hubbard female) were divid;d
at random into 26 groups of 10 birds each.‘Twc groups were
placed on each of the experimental rations {Table I11.8).

The individual treatments are detailed in Table III.10. Feed

. '‘and water Qere Supplied ad libitum.

The chicks were group weighéd at 0, 7, 14 and 21 days
of.age and fndividual]y at 28 days when the exper iment ‘was
terminated. A record of feed consumpt1on mortality and leg
abnormal1t1es was kept Upon completion of the exper1ment 4
birds from each group were selected at random, Killed by
cervical dlslocat1pn and their thyroid glands were removed
and weighed.

"For the statistical analysis of the results, analysis
of variance and Duncan’s Multipie Range Test (Steel.and
Torrie 1960) were used to test for 51gn1f1cance (p<0.05)
between treatment means. -
Analysis of Nitriles and Goitrin:

Levels of nitriles and goitrin in the RSM samples were

?determined using GLC method of DaXenbichler et al. (1970)

with minor mod1f1cat10ns descrlbed in prevxous section.
Samples for GLC determination of potential aglucone levels‘
were prepared either by hydrolysis with exogenous enzyme or
by autolysis with endogenous enzyme. Hydrolysis of heated
RSM was conducted by adding 10% groUnd,raw rapeseed as a

N
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Table II1.8 Composition of diets of broiler chicken

Ingredients Rapeseed Control

% %

(8,
(0]

—~— OO W ! 1 ;UIo

Ground wheat

Herring fish meal (72%)
Meat meal (50%)
Rapeseed meals
Ground rapeseed
Soybean meal (47.5%)
Stabilized animal fat
Wheat shorts _
Limestone

Iodized salt
Micromix!

N
OO

OO 1~ NDOoOTULIWw
o o QOO OoON

oMNOOTOoO O

Calculated composition:
Metabolizable energy (MJ/kg)
Chude protein (%)

Ca (%)

P (%)

.68
.9

.96
.81

69 1
.9 2
.92
74

OO =N

University of Alberia

' Supplied the following levels per kg diet:

"~ Mn 126 mg; Zn 81 mg; Se 0.1 mg; vitamin A 3000 IU:
vitamin D 600 ICU; vitamin E 10 IU: menadion. sodium
bisulfite 1 mg; Riboflavin 4 mg; Ca-pantothenate 5 mg;
niacin 20 mg; biotin 0.2 mg; choline-chloride 77 mg;
vi;amin By, 0.01 mg; D-L methionine 227 mg; Amprolium
125 mg. :
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source of myrosinase and mixing'1:g (w/w) with disti%led‘
water. A previous study (Section A) indicated that this
level of ground raw rapeseed was adequate to hydrd]yze the
glucosinolates in RSM. The-mixtﬁne was then incubated at
37TC;for the lengths of time speciffed. Autolysis of
rapeseéd, either raw or heated, was conducted under fhe same
condition as outlined above but wfthout adding an exogenous
sourcé of myrosinase} Since the hydrolysis products of
glucosinolates in PHFD RSM were not directly extracted into
the organic solvent phase (methylene chloride), the PHFD
meals were mixed with distilled water (1:2,Vw/w) and Kept

for one hour at 37°C, after which the mixture was extracted

4
with methylene chloride. In order to characterJze a unknown

- compound wh1ch appears durlng GLC determ1nat1oh of PHFD

meals GLC, IR and mass spectrometry were used.

"Results and Diséussion

Levels of‘Nitrilés ahqyﬁgitrin in Treated RSMs:

- Concentrations of nitriles and goitrin in. the samples

of TQwer}and Midas meals are shown in Table I11.9. In

. general, autblysis of raw meal resulted in hﬁgh levels'of

“nitriles and low levels of goitrin. Because of the higher

levels of gluéosinolatesvin Midas meal the level of nitriles
was cohsiderably higher than in Tower meal. Increased
incubation t1me resulted in some decrease in total nitr11e

content in raw Tower and Midas RSM Hydroxy n1tr1les

(1 cyano 2- hydroxy 3- butene (N2) and isomeric 1-cyano-

-2-hydroxy- 3,4- ep1th1obutanes (N4 and N5)) were less
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influenced by incubation time than non-hydroxy thionitriles

{1-cyano-3,4-epithiobutane (N1) and 1-cyano-4,5-

-epithiopentane (N3)). Levels of goitrin, which are low in

"raw RSM and high in hydrolyzed heated RSM, were not

significantly influenced by incubation time. Autolysis of

heated RSMs showed the presence of very small amounts of
1- cyano- 2-hydroxy-3- butene (N2) and go1tr1n

i Freeze drying follow1ng hydrolys1s 1nfluenced the
nitr1le and goitrin levels in RSMs. The PHFD sample of raw
Tower seed did not contain any'non-hydroxy thionitriles (N1,
N3) and contained only one-tenth es'much-hydroxy
thlonitriles (N4, N5) and one-fifth as much 1-cyano-
-2-hydroxy-3-outene (N2) as found in raw Tower'meal
autolyzed for 24 h. The go1tr1n content of the meals was

much less affected by freeze- dry1ng in both PHFD samples of

raw and heated Tower.meals. The n1tr1le content of PHFD raw’

Midas meal was decreased by freeze-drying in a similar way
- to that of PHFD raw Tower meal except for the higher

_ stabilfty_of‘1-cyano-2-hydroxy-3—butene. Because;the»

ofiginal samples of PHFD meals Were lost different batches
of rapeseeds Wthh had been stored for 6 months more tﬁan
original samples were used to prepare a replacement for the
r1glnal samples. The hlgher content of 901tr1n in PHFD raw
Midas meal than in autolyzed raw M1das meal may have been

related to the effect of time on the level of goitrin. A

similar effect of aging on goitrin formation was observed in

Crambe seed (VanEtten et al. 1969b, Tookey arid Wolff 1970).
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In general, goitrin showed .much more stability than‘nffriles

during incubation and freeze-drying. Among the nitriles

1-cyano-2-hydroxy-3-butene (N2) showed the greatest

stability. This may have been related to hydrogen bonding

between its hydroxyl group and other ce]l'components such‘as

 polysaccharides. The isomeric 1-cyano-2-hydroxy-

-3,4-epithiobutanes may also have hydrogen bonding.but the -
fermina]ithié-ring may'have rendered fhem instable. The
instabiity of isolated hydrdxy'epithionitriles from Crambe
seed were observed by Daxenb}chler»es al. (1968) and.
VanEtten et al. (1969a). The lack of stability of the
non-hydroxy thionitriles (N1,‘N3)_duringApnocessing and
‘incubation wfth changing pH was observ?d in an earlfer study
(Section A). - | |
Ana]ysis_of PHFD raw quer and Midas meal by GLC shdwed
the presenée'of an unidentified compound as indicated by the
peak (UK) occurring right after that of the isomeric hydroxy
epithionitriles (Figure 111.8). The UK peak was smaller than
those of hydrpxy_epithionitriles before pre-hydrolysis énd
freezé-drying but became much larger after treatment. In a
pfeli@jnary experiment a péak‘(x).which had sfmi]ar
retenfion timé aé the bresent UK beak appeabed when the
mixture of pure hydrdxy epithionitriles (N4, N5) was stored -
in organic.so]vent.}methylené.chlofide) féh an‘extendedA},
‘period ofitihe.;Since the polymerization of N4 and N5vwa§
indicated (Daxenbichler et al. 1968; VanEtten et al. 1969a)
and_the peak (X) appé%red at the exéense‘of‘N4 and N5, it



2 . S : Solvent (methylene chioride)
. ' . N2 © 1-cyeno—2-hydroxy—3-butene
1S : Internal standard : methyl heptadecanoate
Ng : l—cyano-z-hydroxy—a, 4-epithiobutane (threo}
Ng : t-cyano-2-nydroxy-3, 4-epithiobutane (erythro}
UK : Unknown compound , '
1S . G : Goitrin
| .
UK
L 1 ] | 1 1 . 1]
0 4 8 12 16 20 24

'Tlmel (minuteé)

Figure I11.8 Gas-liquid chromatography of hydrolysis
products of pre-hydrolyzed. freeze-dried Tower meal
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was presumed‘that the compound of the peak (X) was a
degradat1on product of poiymer of N4 and N5 Due to the
s1m11ar1ty of - retentlon time of compound UK and compound X

an attempt was made to see if these compounds are of the

same orwg1n Mass spectrum of the unknown (UK (Append1x 1)
showed fract1ons at 181 180 165; 137 122, 94, 91, 79 77,-
66 65, 53 and 51 m/e w1th base peak. at 180 m/e. Poss1b1e

_{molecular welght measured by h1gh resolutton MS was' 180 07927}

\

(Appendxx 2) showed the presence of. the carbonyl group and 3

f absence of the funct1onal group of n1tr11e Th1s compound

(UK) could not be detected by 10d1ne vapor on s1l1ca gel TLC

‘and was unstable dur1ng fractwonat1on by .GLC (5% EGSS X on:

Gas Chrom Q) On the other hand the mass spectrum of .

o compound X (Append1x 3) showed fract1ons at 149 113 '85 |
170, 69,68, 58, 57, 44, 43, 42, 41, 40 m/g w1th base peak at

57 m/e Desplte a s1m11ar retent1on time o the compound UK

'to that of the compound X it appears that they are

different ‘They have a d1fferent mass spectrum and the

_amount of UK produced by PHFD raw Midas meal ‘was almost the

same as produced by PHFD raw Tower meal If UK was a

<'ddegradatton product of polymers of N4 and N5 one ' would
‘eXpect greater produchon of UK from M1d. i meal.

Ident1flcat1on of e1ther precursor(s) or structure of the UK

B was not accomplished in this experiment

Effects on the Performance of Broxler Chlcken

Examination of the data of br01lers showed that weight'
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- gain and feed intake of broilers fed 20 Tower RSMs, either

raw. or heated, was sllghtly less than that observed in blPdS

fed the control ratton {Table I11.10). In addltton the

'method of hydroly51s used had little effect on weight gain
~or feed intake. No significant differences in feed .
Veff1c1ency were observed Weight gain and feed intake of then'
“birds fed 20% Midas RSMs were greatly reduced compared to

- the controls'and those fed Tower RSMs. The effect was much

more pronounced in the groups rece1v1ng the raw Midas meal
than 1n those fed heated Midas meals The method of
hydrolys1s treatment of the Midas meals had a pronounced
effect on performances of birds fed treated meals. Inclu31on
of meals that were pre- hydrolyzed and freeze- dr1ed resulted .
ln decreased rate of growth and feed intake compared to the
groups fed meals along with elther 2% raw or heated ground
rapeseed é ' .

Inclusion of either Tower or M1das RSMs in the rat1ons
resulted in enlargement of the thyroid glands The

enlargement that occurred appeared to be dlrectly related to'

C levels of g01tr1n intake. In the*groups fed PHFD meals, in
- which the levels of goitrin were Known, calculation of the

"';. average daily 1ntake of 901tr1n gave values for ratlons 1,

4, 7 and 10 of 33, 56, 72 and 514 moles per day

respecttvely and the correspondlng weights of thelr thyr01d .

i‘ glands were 13.5, 21.7, 38 0 and 166.8 mg per 100 g body

welght Birds fed Tower meals had thyro1d glands that were 2

to 3 t1mes larger than in those fed. the control ration.
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Birds fed Midaskmeals_hademuch_larger thyroid glands, 4 to
20 times greater, than in the control group. By far the
largest thyroid;glandslwere ooted in the groups fed PHFD
heated Midas meal, |

The overall results obtained reflected the.lever of
nftrile and goitrin ih the meals when they were iogested and
confirmed the earlier findings (VanEtten et al. 1969a;
Srivastava et al. 1975) that a hlgh level of n1tr11e present
in auto]yzed raw meals 1s more toxic than a h1gh level of
go1tr1n 1n heated meals hydrolyzed with myros1nase

The reduced. we1ght gain of ch1cks fed PHFD raw Tower
meal as comparedyto‘those fed PHFD_heated Tower mea]

indicates that even a small amount of nitriles and/or the

unidentified compound (UK) may depress the growth of

chicken; however, theQij}erences noted were not
signfficant.‘The greater bodydweightbgain’of chickens fed
PHFD heated Tower meal (Tr. 4) than that of those fed heated
Tower meal with raw:groUndeower seed (Tr.}5)ﬁmight be
attributed to partial elimination of Volatile hydrolysis
producfs of glucoSinolateé'and perhaps to slightly higher

dry matter content 1n}the PHFD mea]. Addition of ground raw -

‘-Tower rapeseed'to heated-Tower RSM‘(Tr 6) had no effect. on

performance compared to. heated Tower RSM whlch had no source
of myros1nase (Tr. 5). The fact that PHFD raw Midas, wh1ch |

lost about 40% of nitriles durzng pPOCGSSlng by e1ther

: :evaporat1on or polymer1zat1on had a greater growth-

-depressing effect than. raw Midas meal was indicative of the
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*~. differences in nitrile formation between in vitro and in

., Vivo conditions. An earlier exper1ment (Sect1on A) showed

that the format1on of n1tr11es in raw Midas mea] was

'complete after 1 h ofﬂ1ncubat1on at 37°C at a pH of
»,_approx1mate1y 5.5. The digestive tract of ch1cken has an

‘average pH of 5.7 varying from 2.94 in the g1zzard to 6. 82

in the rectum (Schaxble 1976). The lesser 1nf1uence of raw
Y

M1das meals in compar1son to PHFD raw Midas mea] on weight

k'»v ga1n 1nd1cated that the act1v1ty of factors that affect the

formation of n1tr11es may have been suppressed in the gastro
intestinal tract The fact that the birds fed the heated
M\das meal with ground raw Midas rapeseed (Tr 11) were not
affected as compared to those fed heated Mtdas mea] w1thout
an external source of myros1nase (Tr. 12) an Rdid not show
as much thyroid enlargementias'the PHFD heated meal (Tr. 10)
diet does not result :in goitrin formatﬁon'in the digestive

tract in-any‘Way equivalent to that observed whenvthe_meal

is pre-hydrolyzed in vitro. In a'previous experiment
. '(Section A) it was shown that addition of 5 to 10% (w/w)

"ground raw rapeseed to a- heated meal_res lted in max1mum ‘

S &

‘ goitrin format1on w1th1n 12 h. S1nce the response of thyro1d‘

glands we1ght to the intake of go1tr1n-from PHFD meals

appeared to be ahnost 11near. it mlght be poss1ble to

'"esttﬁgie by extrapolatﬁon the 1evels of go1tr1n formed in

vlvo from other meals. The greater 901trogen1c effect of

heated Midas Without'a source of myrosunase (Tr. 12) than
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Tower meals indicated that some hydrolysis of progoitrin
occurred through myrosinase activity of bacteria in the'

gastro 1ntest1nal tract as reported by Greer (1962) and -

Oginsky et al. (1965).
Mortaltty was higher in the group fed heated Mldas meal‘

‘which is potenttally h:gh in goitrin content In contrast,

“.Marangos et al. (1974) observed that mortallty was not

related to the goitrin content of the rapeseed fed.
The‘incidence of'perosis in the experiment was not
affected. by the treatments used. Inclusion of either raw or.

heated Tower or. Mldas meals apparently had no effect on the

~ occurrence of leg abnorma11ty even though others (Holmes and
’Roberts 1963; Ahlstrom et a] 1978) have repor ted 1ncreased

‘1nc1dence of per051s when RSMs of certatn var1et1es were

fed.

‘Summary R .

An experxment was conducted to study the effect of heat
treatment and cond1t1ons of enzyme hydro]y51s of Tower and

Mtdas RSM on the concentration of n1tr11es and go1t1n in the

meals and the1r btolog1cal effect when fed to br011er -

ch1ckens Autolys1s of raw meals resulted in a high level . of

4"n1tr11es in Mtdas meal and a low level of n1tr11es 1n Tower

T

"me 1. In heated meals. go1tr1n was the princ1pal hydrolys1s

product be1ng h]gh in Mtdas and low in Tower. meals " An

- increase 1n 1ncubat10n t1me and freeze drytng after

hydrolysis reduced ‘the total n1tr1les Non hydroxy

t epith1on1tr1les were most suscepttble to treatments imposed

L.
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and a hydroxy nitrile,'1-cyano-2-hydroxy-3-buteneT was least

affected b; fregze-drying. Feeding 20% raw or heated Tower

" RSM hydrolyzed in different ways had little effect, compared

to the soybean control, on rate of growth, feed efficiency,
mortality or incidence of peroéis Thyroid gland wetghts in

the treated groups were two to three t1mes greater than the

ucontrols Feedjng 20% raw or heated M1das‘meal,decreased‘v'

rate of growth and increased feed required per unit of gain.

The growth depress1on was greater with raw Mldas RSM than

A'w1th the heated meal. Thyro1d gland we1ghts in the groups

fed Midas RSM'.either raw or heated, ~were larger than for

Tower’ RSM Thyro1d gland we1ghts were 4 to 20 t1mes as large'

as the controls Raw or heated M1das RSM prepared by |
- pre-hydrolysis and freeze dry1ng (PHFD) caused a greater

decrease in rate of’ ga1n than other M1das meals in whlch 2%

'raw or ‘heated ground M1das rapeseed was 1ncluded in the

;f
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C. The Effect of Sodium thiosulfate and Hydroxo- cobalamin on
Rats Fed Nitrile-rich “or Goitrin-rich Rapeseed Mea]s

Introduction | ‘ _
Cyanogenetic compounds are widely distributed in the

_ plant kihgdom'and occur mainly in the form of cyanogenetic

L glucoSides. Cyanogenetic glucosides such as amygdalin,

dhurrin, linamarin ahd lotaustralih are glycosidic
derivatives‘of u?hydroxynitriles (cyanohydrin) On enzymatic
hydrolysis they yleld glucose and G-hydroxyn1tr1les which
degrade, in most cases to hydrogen Cyanide (HCN) and the
correspondlng a]dehyde or Ketone (Conn 1973a,b; Montgomery‘
1969). | |

The gluc051nolates present in spec1es of CPUCIPePae and
some other families also produce various. nitriles under

ertaln hydrolysis conditions. but they are not

a-hydroxynitriles. HoweVer,,high]y toxic effects of
| nitrile-rich preparations of trambe seed meal (Tookey et al.
1965; VanEtten et al. 1969a) and RSM (Srivastava et al.

1975; Sect1on B) have been observed. The 8- -hydroxynitriles

‘produced from progo1tr1n (2- hydroxy'3 butenylglUcos1nolate)
_were’ about eight t1mes as toxic as (R)-goitrin w1th mice as
- the test animal (Booth and Robbins 1968) Stda (1952)

: suggested the follow1ng detox1f1cat1on scheme in which R is

an aliphat1c or aromat1c group. .

L©  R=CH,ON — R=CHOMCN = R-CHOH + HCN

- | R—éOOH HloN -
A]iphat1c or aromat1c n1tr1]es are first converted to
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a~hydroxynitriles in vivo and then they are degraded into
aldehyde and hyergen cyanide which forms thiocyanate to be
excreted. The velocity of the reaction, which splits off
HCN, is the main factor determining the thicity of cyéno

compounds and obviously the oxidative reactivity of the

. a-carbon atom plays a primary role. Ghiringhel1i.(1956)

reborted that the toxicity of the nitriles was independent

of their molecular weight but probably dependent tpon their

water solubility. In general, saturated aliphatic and

aromatic nitriles are no more toxic than many chemicals

commonly regarded as relatively harmless. Unsaturated

nitriles, cyanohydrins and o« -aminonitriles, however,

approach hydrogen cyanide in toxicity (Mowry 1948).

| Iq cyanide'poisonfng, a safe level of me themoglobinemia
was induced by administration of p-aminopropiophenone or
sodium nitrite therapeutically and prophylactically (Rose et
al. 1947; Yoshikawa 1968). Methemoglobin competes with
cytochrome c oxidase for cyanide ions (Albaum et al. 19486).
In combination with metheéog]obinemia inducing drugs, other
compounds have also been shoﬁnvgo exert some effect on the
toxicity of cyanide: Sodium thiosulfate wasydsed'to react
with cyanide fon to form thiocyanate which is much less
thfc (Rose et al. 1947). Hydroxo-cobalamin (vitamin‘Blza)
)has also been shown to exert some antidotal efficacy in

'experimental cyanide poisoning} Administration of hydroxo-

-cobalamin resulted in a comparatively large quantity of

cyénq-cobalamin (vitamin B,, ) being excreted in the urine of
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mice treated with-hydroxo-cobalamin and potassium cyanide

~ but the‘précise site where this reaction had taken place was .

not known (Mushett et al. 1952).

| Since sodium thiosulfate and hydroxo-cobalamin have
been shown to partially reduce the toxicity of the cyanide
ioh whicH could be'produced from some nitriles, it seemed

desirable to determine whether these compoﬁnds might reduce

‘the toxicity of nitriles in RSM. Consequently, three

experiments were conducted to §tudy the biological effeéts

of dietary supplementation of sodium thiosulfate and

_hydroxo-cobalamin'on rats which were fed RSMs prepabed to

contain high levels of nitriles or goitrin.
Rapeseed meals with varying levels of nitriles and =
goitrin were prebared according to the method used
previously (Section B). The levels of nitriles ahd goitrin
in the RSM_preparafion; were determined by the GLC method
used previously. o | | |
.Thrée experiments eaeh of 4 weeks duration were
conducted using weanling male Wistar rats. Réts for each
group were selected to give groups of similar average body
weight. The rats were assigned at random to individual
cages. Feed and water were supplied ad ]ibitum. Weekly
weight gain}was‘recorded and feed consumption and organ

weight were measured when the experiments were terminated.

The thiocyanate ion content of serum and urine was.

determined by the method of Bowler (1944) and background
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interference was.adjusted by usfng mercuric chloride

(Johnston and Jones 1966). &

-

Data obtained were analyzed by the same statistical

method used in SectionlB.

fExperiment 1: ‘<

‘Rapeseeds of two 8. napus.varieties,‘Tower and Midas,
were used to prepare meals with varying levels of nitriles
and goitrin. Either raw or heated seeds ofteach varfety were
ground, extracted'with hexane, pre—hydrolyzed with ground
raw seed and freeze-dried (PHFD). The effect of the addition
of two levels of sodium thiosulfate (Na,S,0,5H,0) (0.1 and
0.3%) to the rations with Tower meals and‘one level of
e1ther sodium thlosulfate (0 1%) or one level of hydroxo-
-cobalamin (0.1%) to the rat1ons with M1das meals were
compared to rat1ons conta1n1ng rapeseed meals w1thout any .
additives Forty-eight wean]1ng rats weighing 76 4 g on
average were selected and 4 rats. were ass1gned to each

treatment At the end of the eXperiment the thyr01d glands

and Kidneys were removed and the1r we1ghts were recorded

Experiment 2:
Meals of potent1a1]y high nitrile or hwgh go1tr1n
content were prepared using either raw or heated M1das seed.

The seed was ground and extracted with hexane but was not

- pre-hydrolyzed. The experimental diets were similar to the

one used'in Experiments 1 and 3 (Table III.11) but instead
of 20% PHFD meal 18.2% of Mldas meal and 1.8% of ground
Midas rapeseed were added With the groups fed raw Midas

EEN
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Table III.11 Composition of diets of rats

A Experiments

Ingrédients ' - 1& 3 2

 Metabolizable energy (MJ/Kg)
- Crude protein (%) ‘
~ Ca (%) :

>R
e

© 60.

Ground wheat J ‘. 60. 0
10.

Soybean meal ) 10.
PHFD rapeseed meal! ' 20.
Rapeseed meal.

Ground rapeseed
Stabilized animal fat
Ca-phosphate
Limestone

lodized salt
Micromix?2

o
. —r
OO —wOoO~N-m®
ONOoOToOmMDOO

OO -0
TOINVOUIoOoocoCOoOm

Calculated composition:

, o
oo w
Fo Yo W)

P (%)

' Pre-hydrolyzed and freeze-dried rapeseed meal.
2 Supplied the following levels per kg diet:
Mn 63 mg; Zn 40 mg; Se 0.05 mg; Vitamin A 10,000 IU:

- Vitamin D3 1,000 IU; Vitamin E (q) 35 mg; Vitamin K 0.05 ,
mg; Choline chloride 750 mg: Niacin 15 mg; '
Ca-pantothenate18~mg{ Riboflavin 2.5 mg; Vitamin B,

0.005 mg; Biotin 0.1 mg. T -
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meal the effects of adding 0.1% sodlum th1osulfate or 0. 1%
,hydroxo CObalam1n were compared to those without add1t1ves
"In the groups fed heated Mldas meals the effect of add1ng TVV
either 0. 02% or 0. 1% hydroxo cobalamln were compared to a
group w1thout addltive Organ we1ghts and th1ocyanate

excret1on of the treated groups were compared ‘to those of

. control rats fed a commerc1al rat10n Seventy- w;anl1ng rats

averaging 86 g each were selected ‘and 10 rats were ass1gned
to each group. After 28 days on experiment, 3 rats. from each

group~were placed in metabolic cages and urine output was

"colleCted-for two days. The ur1ne from each rat was analyzed

for thiocyanate’content At the end of the exper1ment the
rats were killed and their thyro1d glands and k1dneys were
removed and welghed S
Exper iment 3 . |

Exper1ment 3 was conducted to repeat treatments whlch

'had Caused changes in performance in Experiment 1, namely

the addition of sodium th1osulfate to PHFD raw M1das meal

'and the add1t1on of hydroxo cobalamtn to PHFD heated Mldas‘
meal. The treatments used are summirfied in Table I111.15. >~

.

N
~Forty five weanl1ng rats averag1ng 64~g in weight were

divided into 5 comparable groups of 9 P ts each -and placed

,on\the d1fferent treatments. Five saiples of urine for‘.‘

thiocyanate determ1nat)on were‘obtained from each group.

Blood samples were obtained by cardiac puncture. At the'end' .

of the experiment the k1dneys, llver and thyro1d glands from

s
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v1$ually examined and changes were recorded*
Results’ | | | B

The levels of n1tr1les and go1tr1n in the rapeseed
meals used in each exper1ment are shown in Table IT1I.12. The

patterns of aglucone products in treated RSMS were similar

to those shown in. Sectlon B. The PHFD raw Mldas meal E;ed in

‘Exper1ment 1 conta1ned more n1tr1les and less gowtr1n than

the meal used in Experlment 3. When raw M1das meal was
autolyzed the concentrat1on of n1tr1les was high and when
heated Midas meal was hydrolyzed with 1% mustard myros1nase
the- level of goitrin was hvgh (Exper1ment 2).
Exper iment 1 | ) ‘

| The resultsaobtatned'from'Experiment 1 are summarized
in Table III. 13 and- weekly cumulat1ve weight ga1n curves of
selected groups are. shown in F1gure IIl.9. Rats. fed PHFD
Tower mea gamed §1gmf1cantl)’ more welght than those fed
PHFD Midas meal. Heat treatment of the seeds of both

var1et1es resulted in: 1nCreased welght gain of rats when the

meals were fed. The additlon of 0.4% sodium th1osulfate to

PHFD raw M1das meal and PHFD raw Tower meal resulted in

eincreased welght ga1n but the increase only reached
~statistical significance with the Midas meal whlch had a
1-hlgh nitrile content The addition of 0. 1% sod1um
t.th105ulfate to the raw Mldas meal also resulted in a
isignif1cant 1mprovement in feed convers1on Additlon of 0.3%
~sodium th1osulfate to e1ther PHFD raw or heated Tower meals

| had no slgnlflcant effect on we1ght gain or feed,eff1ciency.

B
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The addition of 0.1% hydroxo-cohalamin tQ PHFD raw or
heated Midas meals had no significant effect on performance

although better weight gain was shown during the first week
FLI

V_of experiment when hydroxo cobalamxn was added to the PHFD

heated Midas meal | |
The size of thxroid gIands and Kidneys was affected by ~
some of the treatments used. Rats fed the“PHFD heated'Midasf

meal, which was high in. goxtr1n content, had thyro1ds that
AN

- were s1gn1f1cant1y heavier ‘than those on other treatments.
‘The Kidney weight of rats fed PHFD' raw Mida nealé were

's1gn1f10ant1y heav1er than those of other groups The

‘N

add1t1on of sodium th1osu1fate'or hydroxo-Cobalamin did not B
influence thyroid or K1dney we1ghts except in the treatments

1nwolv1ng raw Midas meals. In these treatments the add1t1on

'of 0.1% sod1um thiosulfate caused a decrease in ‘Kidney o
-.we1ght wh1le the addition of 0 1% hydroxo- cobalam1n resulted

'in 1ncreased k1dney we1ght

Exper1ment‘2 |
The results obtained in Exper iment 2.are summarized in

Table III 14, The groups fed rations conta1n1ng heat treated

' Midas meal w1th ground raw Midas seed added ga1ned more

',weight and had better feed eff1cwency than’those fed raw

Mldas meal. The add1t1on of sodium th1osu1fate or hydroxo- '
-cobalam1n did not 1nf1uence welght gain or feed eff1c1ency

The thyroid glands of the groups fed either raw or
¢

'heated Midas meal were s1gn1flcantly heav1er than those of

the controls, The we1ght of thyro1d glands of the groups fed
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raw Midas meal were heav1er than those fed heated meal " The
Kidney . weights of rats fed raw Midas meal were heav1er ‘than
those of rats fed heated Midas meal or the control ration
The inclu510n of either raw or heated Midas meals in, the
diet resulted in a marked increase in excretion of :
thiocyanate in the urine. Levels of excretion were», L‘
approximately 30 times greater than 1n the control group ..
The level of excretion was higher in rats fed raw Midas RSM
than those fed helated meal. TR,
Experiment 3: | o ' Iﬂ“ - //~4/f)f/

The results obtained from Experiment 3 are. summarized

: in Table III 15. The rats fed PHFD heated Midas meal gained .

more weight and consumed more feedpthan those fed PHFD raw |

‘ Midas meal. Thyroid glands were heav1er and kidneys were

lighter for rats fed PHFD heated Midas meal compared w1th

those rece1v1ng the raw meals These results were 51m11ar‘1%3/.

those obtained in Experiment 1. 31 R | .‘ ’
The additlon of sodium\thiosulfate to the diet w1th

PHFD raw Midas meal resulted in 1ncreaseé weight gain. and -

improved feed efficiency Thyr01d gland weight was not ‘

“affected but kidney and liver weights' expressed on the o

"~

basis of body weight ‘were - reduced Livers were lighter in £

color than in the rats fed PHFD raw Mldas meal w1thout

k

“ sodium thiosulfate in whlch livers had a dark and greenish

tinge. The addition of sodium thlosulfate resulted 1n

increased\thiocyanate levels 1n serum and reduced levels in

\ ‘ ﬁr
the urine
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In this experiment the addition of 0.1% hydroxd-
-cobalam1n to a ration conta1n1ng PHFD heated Midas meal had
no effect on any of the parameters measured. _

The liver weights of all groups fed PHFD raw or heated
Midas m%al were heavier than those of the control. Thé =
livers of rats-fed PHFD raw Midas meal were heayier and
darker in color than those of'heated meal The rats fed the
control ratlon had sma]ler thyroid glands and l1ver than any
of the treatment groups Levels of tQ1ocyanate in serum and
urine of the control were much lower ‘than those fed either
raw or'heated Mldas RSM.
Discussion

Levels of nitriles and goitrin in different
preparations of rapeseed meals may be quite variable. The
nitrile content of the raw meals used in these exper1ments
was cons1stently lower and the 901tr1n content was h1éher
than those observed in previous studies (Section A “&nd B).
There was also K variability in levels of nitriles and
goitrin in the M1das meals’ used in this study (Exper1menf§ 1
and 3) The meals were prepared at dwfferent times and.
therefore storage period may have ' affected the content of
aglucone products as was observed by others in older seed
(VanEtteri et al. 1969b; Tookey and Wolff 1970) |

Improved performance from heat treatment of M1das mea |
may be attributed to the prevention of n1tr1le formation in

PHFD meal and to the fact that nitrile is much more toxic

e . , . i :
than goitrin as was reviewed previously. The observation

L)
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that heat treatment of Tower rag!Eeed improved weight gain

‘s1ight]y (p<0.1) in rats differed from results obtained in

Section B w1th ch1ckens in which no 1mprovement was
observed. It is not'o}ear whether the small amount of
nitriles pregznt in PHFb'raw/Tower meal was the reason for
the difference in weight gain of rats. Species difterehces
in nitrile toxicity haQe_been observed between rabbits and.
chickens (Spence 1933) and between‘ratsband chickens
(Srivastava et al. 1975). o
The‘beneficiat effect of\sodium~th105ulfate in the high
nitrile treatments of Experiments 1 and 3 1nd1cates that
ingested nitriles produce the cyanide group (CN) probably

via the scheme suggesteQ by Stda. (1952) and that CN is

dethﬂf d to thiocyanate by sodium thlosulfate Since the
/add1t1o;Zof hydroxo-cobalamin had no ¥1gn1f1cant effect on

P,
growth 'of rats fed either raw meal or heated mea) 1t does

- not appear thet the hydroxo-cobalamin was involved in CN

detoxification. Failure to observe an antidotal effect of
hydroxo-coba]amin in contrasf to the beneficial effect on

Cyanide poisoning reported by}Mushett‘et al 2952) may be
due to the d1fferent method of adm1ntstrat1on (1ntravenous
vs. oral). |

~When raw Midas meal Was fed'tofrats'without hydrolysis:

‘(Exper1ment 2) growth was not suppressed as much as when

PHFD na‘ M1das meal was fed‘(Experlments 1 and 3} even
‘x,zis'
though 1ntake of potent131 nltrtle forming compounds was

higher. This is similar to the results obtained in other
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experiments in which chickenS'(Section B) or'chickens and

rats (Sr1vastaVa‘et al. 1975) were used Au]d’(1912)

reported that under d1gest1ve cond1t1ons cyanogenes1s from
cyanogen1c g1uc051des were 1nh1b1ted by ac1ds and aFKa11
d1gest1ve juices, cellulose and glucose. Such 1nh1b1tory
mechanisms could have'influenced levels of nitriles formed g
from gluc051nglates when non-hydrolyzed RSM was fed.

Effect of treatments on thyr01d weight 1nd1cated that
the size of the gland‘yas generale 1nf1uenced by the o

goitrin content of the meals’ but the effects were not as

marked as in a previous experiment with chickens. In

_Experiment 2, the rats fed heated Midas meal showed less

thyroid gland enlargement than thosevfed raw Midas meal.

r
This suggests that go1tr1n production may have been

1nh1b1ted in"vivo 1n the same way as the 1nh1b1t1on of
/

‘nitrile may have pccured. Although the addition of hydroxo-
. ) ] ‘ ‘ _

-cobalamin‘tended to increase'thyroid gTand weight in

hExperiment;Z, the overall effect of this additive on the

-~ weight of thyroid gland was not clear.

Rats fed meals of high n1tr11e content had K1dneys that

"were:s1gn1f1cant]y_1arger than those fed meals of high |

goithin content or those fed a.control ration without RSM.
It was also noted that the liver weight of the high-nitrile
group was heavier than that of the high-goitrin group.

According to Israels et al. (1979), a large number of

- foreign compounds . are metabb]tzeq by the mix function

" oxjdases of the hepatic endOptasmic reticulum and induction
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by  xenobiotics is assoc1ated w1th an 1ncrease in liver s1ze
Enlarged ktdney and liver of rats fed nitrile- r1ch meal, have
been reported by other authors (VanEtten et al. 1969a; |
Srlvastava\et al. 1975). T | |

The 51gn1f1cantly higher thlocyanate content in serum
rats fed PHFD raw M1das mea w1th sodium thlosulfate
suggests that more rapid or greater detox1f1catlon of CN

took place in th1s treatment. The excret1on of greater'

: amounts of thiocyanate in urine of rats fed raw Mldas meal

of high nitrile content than in heated meal (Experiments 2
and 3) is in accord with the’obserVations of Srivastava and
Hill (1975) when Zephyr RSM was fed. A compar1son of
Exper1ments 2 and 3 indicates that the level of thiocyanate

= i

excretlon in Experwment 3 reflects the lower levels of

" nitriles in the -PHFD raw Midas meal as compared with the

potentlal level of nitrile in Expertment 2. Other

thlocyanogentc factors, however, may .have influenced the

. level of exoretion Since the thtocyanogenlc property of
| 1soth10cyanate in v1vo (Langer 1964) and the presence of
"thtocyanate ion in hydrolyzed RSM (Srivastava and Htll 1975
‘McGregor 1978) have been reported, thiocyanogenic compounds

removed by PHFD must have been malnly volatile
isothiocyanate, thlocyanate or volat\le nttrxles The amount
of thiocyanate excreted in the urine of rats fed PHFD meal

was approx1mately 5 times that excreted by the control

‘group. The fact that the high goitrin group excreted almost

the same level of thiocyanate as the high n1tr1le group in

4

/
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Experiment 3 is:noteworthy dirousek (1956) reported that

the go1trogen1c substance methyl-th1oura01l suppressed high

th1ocyanate excret1on 1nduced by cont1nuous afm1n1strat1on j_:
of thyrox1n and thyrogTobulwn Remnants of aglucone productsy
and/or unknown thtocyanogenlc compound(s) may have caused
the increased TeveT of thxocyanate excret1on in Exper1ment
3. It is not clear why less th1ocyanate was excreted when 2
sodium thiosulfate was added than when none was 1ncTuded 1n
the rat1on “The overall results suggest that among - the
aglucone products of RSM at least nitriles may produce CN

which would be excreted in the urine in the form of

&

'th1ocyanate
Summary

Three experiments were conducted with rats,to:study-the’
effects of feeding rapeseed preparations'sUppTemented with

sodlum th1osquate(Na S,0 -5H O) or hydroxo cobaTam1n

(vitamin B 2a) A s1gn1f1cant ant1dotal effect of 0. 1%

sod1um thlosulfate suppTementatlon was observed w1th

pre hydrolyzed, freeze dr1ed (PHFD) raw M1das meal which is

rich in nitrile content, but not with Midas meal which was

_ not hydrolyzed. The anttdotal effect of sod1um thiosulfate

was less consplcuous with Tower meal but addition of 0.1%

sOdium thiosulfate to PHFD raw Towervmeal resuTted.in'

,slightTy improved performance. Addition of sodium

thlosulfate to heated M1das or heated Tower meal had no

'effect on we1ght ga1n whether they were pre- hydrolyzed or

"not. No antldotal effect of hydroxo cobalam1n was observed ~
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.add1tlgg,af sodium thiosulfate or hydroxo cobalamin had no -

1ncreased’Kidnéy eight was observed in treatments in whjch

meals were pre- hydrolyzed and freeze dr1ed but remalned .much

higher than for the control group. " o 7

“:‘ . ‘ - . ' t"‘

with meals of high- n1tr1le\or h1gh go1tr1n content The

s1gnjf1cant effec on the wexght of thxro1d glands”

meal of high n1tr11e 'onten (raw Midas meals) was fe 4

-addition of hydroxo cobalamfn resulted in-an 1ncrease in
'k1dney weight 1n some treatments whilé the add1t1on of

~ sodium throsuﬂfate caused a decrease in Kidney and 11ver

wetght in the high-nitrile. treatments A 51gn1f1cantly

Ny

!h1gher th1ocyanate content Q%s observed in the serum of rats

\
fed hwgh n1tr1le meals supplemented with sod1um th1osu1fate

Qe

‘Thlocyanate excretlon in the ur1ne was reduced when M1das

1

'a
A,
.

EEEE
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- IV. GENERAL DISCUSSION

Thevexpertments‘reported herein indfcated that concentration

»
t

of the’hyarolysisfproducts of glucosinolates in a number of .

rapeseed’Varieties grown in Western Canada was variable

5}depend1ng on the hydrolys1s cond1t1ons and. quant1ty of
"k‘glucos1nolates or1g1nal]y present in the seeds Two non-

~hydroxy ep1th1on1tr1Jes that had not been reported before

in rapeseed meals were identified. They were among the

auto]ys1s products of the glucos1nolates ‘of raw RSMs

'prepared in the laboratory The highest concentrat1ons of

the non-hydroxy ep1th1on1tr11es~were found in Torch RSM with

- the next h1ghest concentration in Midas mé?]

The results obtained clearly 1nd1cate that heating

- Midas rapeseed 1mproved weight ga1n and feed efficiency of

’bro1lers although no 1mprovement was, noted when Tower

rapeseed was heated. The per formance of birds fed the raw
and heated PHFD Midas‘meals'suppdrts'the,view that hitrjles

are more deleterious to the chicken than. goitrin. Mixing 2%

..of ground raw rapeseed (equgvalent to 10% of the RSM) in the

diet did not affect performance of birds indicating that

~ moderate contamination by raw seeds as a possible source of

active myros1nase should not cause pract1ca1 prob]ems

The ant1dota1 effect of sodium th1osulfate when h1gh-
-nltrlle RSM was fed 1nd1cates that the cyan1de group may: be

. formed when raw rapeseed products are 1ngested The. use of

sodium thiosulfate with diets containing rapeseednprodUCts

deriyed'from seeds that had been damaged and.eprSed to
- C - 4
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heavy rains during the harvest season may have practical *-~

significance since nitriles might be formed in such seed.

Studies with other known antidotes for cyanide poisoning,

»

'Quch as, sodium nitrite, may also be des1rable

The h1gh 1evel of th1ocyanate excret1on by rats fed

RSMs along with a source of myrosinase 1§ of . 1nterest

It

has been reported that following hydroly515 with mxros1nase

high- glucos1nolate RSM but the exact precursors of

thiocyanate ion 1nARSMsdare not Known (McGregor™ 1978i.

thiocyanate "is one of ‘the known goitrogens, further

information on the influence of RSM on thiocyanate

metabolism'is required.
B ) 4 ’

- low= g]uc051nolate RSM contains as. much th1ocyanate ion as

Since
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Appendix 4. Analysis of variance-source, degree of freedom
(df) and mean squares-Broiler Experiment (Section B)

“Mean Squares
7

Source df - Weight Feed Feed Thyroid

' ; Gain Intake Effic. Gland wt.
A 1 423207 885696  0.3602 13368
B . 1 124502 278620  0.1504 1878
c 2 3592 17981 0.0007 2023
AB T 94702 221971 0.1380 1670
AC 2 15208 37921 0.0102 2216
BC 2 417 657  0.0023 3881
ABC 2 778 . 364 0.0031 2858

2 678 . 1711 0.0051 65

Error 1

A: variety
B: heat-treatment
C: method of hydrolysis
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