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A B S T R A C T  
A method is reported for removing epi-progoitrin, 

the major glucosinotate, from crambe seed meal. 
Defatted meal was cooked and water extracted or 
t reated with soda ash and then water extracted.  
Although soda ash aided destruction and removal of 
glucosinolate factors, there was a 28% reduction in 
total Iysine. In animal feeding tests designed to reflect 
differences due to toxic factors, soda ash treated and 
water extracted meals gave the best results. No 
toxici ty  was apparent in rats and chicks fed these 
meals in nutri t ionally adequate diets. The rat diet 
included 30% crambe meal for 90 days; the chick 
diet, 20% crambe meal for 4 weeks. Pathological 
examinations in both  series showed no organ damage. 

INTRODUCTION 
Crambe abyssinica, a member of the family Cruciferae, 

has been identified as a potential  new oilseed in a USDA 
screening program. The oil, which makes up roughly one- 
third of the seed weight, is high in erucic acid (55-60%). On 
the basis of this component  crambe oil has industrial value 
(1). 

Defatted crambe meal has a high protein content ,  and its 
amino acid composit ion suggests that  it  might be a valuable 
supplement in animal feeds (2-4). The feeding value of the 
meal is greatly impaired, however, by the presence of  
undesirable compounds known as glucosinolates. These 
compounds have been extensively investigated at the 
Northern Laboratory (5,6). 

During crambe processing studies in 1962, we observed 
that  crambe meals prepared by conventional methods were 
toxic to  rats. In 1963, Hesketh and coworkers (7) reported 
that crambe meal added to a chick ration depressed growth 
and decreased feed efficiency proport ional  to the level of  
crambe in the ration. Also, thyroid glands enlarged. In 
1965, workers at the Northern and Western Laboratories 
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FIG. 1. Identified toxic factors in crambe meals. 

(8) reported defatted,  dehulled crambe meal was fatal to 
rats consuming it for 90 days at a 15% diet level. The major 
gtucosinolate, epi-progoitrin, was isolated and identified by 
Daxenbichler and coworkers (9). Degradation of epi. 
progoitrin by enzymes present in the seed itself can yield 
R-goitrin, a mixture of organic nitriles, or all these com- 
pounds, depending on temperature,  water dilution, and 
enzyme activity (10). epi-Progoitrin, R-goitrin, and a nitrile 
fraction obtained by directed enzyme hydrolysis were iso- 
lated, fed to  rats, and their toxici ty  reported (11). Austin, 
et al., (12) found that in the presence of ferrous ion in 
water solution, epi-progoitrin decomposed to a thionamide 
and to one of the nitriles. These identified toxic factors in 
crambe meals are shown in Figure 1. 

In 1968, we improved palatabili ty and reduced toxici ty 
of  the crambe feed meal by a soda ash process (13), where- 
by the glucosinolate fraction of the meal was destroyed.  In 
these studies, epi-progroitrin was decomposed by  the action 
of moist heat under basic condit ions to products with an 
infrared (IR) absorption band at 4.4 p, indicating a nitrile 
moiety. Thionamide was not formed under these condi- 
tions. Although this process was satisfactory for yielding a 
nontoxic protein supplement for ruminant animals, it did 
not  give a meal that  was completely nontoxic to  nonrumi- 
nants. We now have investigated a method for removing the 
toxic factors from crambe meal by water extraction. Rape- 
seed often has been water extracted (14-17). In our 
approach, glucosinolates were removed from defatted 
crambe protein meals rather than from whole seed. 

E X P E R I M E N T A L  PROCEDURES 

Materials 
Crambe seed was grown in Oregon under a private con- 

tract in 1966 in cooperat ion with the former Crops 
Research Division, ARS, USDA. Analyses of  whole seed, 
dehulled seed (pericarp removed), and dehulled, defat ted 
meal used for the detoxificat ion tests are given in Table I. 

Analytical Methods 
Total  glucosinolate, thioglucoside, was determined by  

the sulfate method of McGhee, et al., (6). Glucosinolate 
precursors of  volatile isothiocyanates were determined by  
the method of Wetter (18), and epi-progoitrin glucosinolate 
was determined by enzymatic conversion to goitrin. In the 
last determination, a modified Wetter procedure (19) was 
used with the following modifications. One g of  meal was 
extracted with boiling water to remove all glucosinolates, 
and a 2 ml samples of the water extract was enzyme con- 
verted to  goitrin in 4 mt of pH 7 buffer containing 16 mg 
myrosinase enzyme and held 2 hr at 55 C. The goitrin 
which resulted from the enzyme conversion of the gluco- 
sinolates was extracted twice with methylene chloride, to 
remove goitrin, using 50 ml of solvent each time and 
adjusting finat solvent volume to 100 ml. Optical  density of 
the methylene chloride extract was read on a Beckman DB 
spectrophotometer  at 5 mp intervals from 210-280 rap. A 
correction for background absorption was made (20) by 
subtracting the absorption reading at the intersection of 
lines drawn vertically through the absorption peak at 
248 mp and a baseline drawn tangent to the peak shoulders, 

12 



T A B L E  I 

A n a l y s e s  o f  C r a m b e  Seed  a n d  Meal  a 

Oil 
Removal 

Dehu l l ed ,  d e f a t t e d  s o u r c e  
Whole  seed  b D e h u l l e d  seed  c mea l  d fo r  d e t o x i f i c a t i o n  t es t s  

A s s a y  (%) (%) (%) 

Mois tu re  7.1 4 .6  6 .8  
C r u d e  f a t  33 .3  4 5 . 6  0 .4  
P ro t e in  (N x 6 . 2 5 )  17,1 24 .2  4 4 . 8  
C r u d e  f ibe r  14 .0  3.1 4 .6  
A s h  5 .3  4 .2  7 .9  
N i t r o g e n  f ree  ex t r a c t  23 .2  18 .3  35 .5  

a " A s  i s "  basis ,  

b H u l l  c o n t e n t  = 30%. 

CDehul led  i nd i ca t e s  p e r i c a r p  o r  p o d  r e m o v e d .  

d T o t a l  g l u c o s i n o t a t e  c o n t e n t  = 10 .7%;  ni t r i le  c o n t e n t  = 0 .1%;  epi-progoitrin c o n t e n t  = 
9 .5%;  vo la t i l e  i s o t h i o c y a n a t e  p r e c u r s o r s  ( c a l c u l a t e d  as s in igr in)  = 0 . 6 0 % .  
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FIG. 2. Detoxification of crambe meal by a steam cooking water 

extraction process. 

usually at 210 and 280 me_ epi-Progoitrin was calculated as 
the sodium salt, mol wt 411. 

Organic nitrites were measured by their IR absorption at 
4.4/3 (21), and calculated as 1-cyano-2-hydroxy-3-butene, 
mol wt 97. The compounds so measured and calculated are 
referred to simply as nitriles. We did not isolate nor char- 
acterize them further. 

Crude fat (22), moisture (23), ash (24), crude fiber (25), 
and protein analyses (26) followed AOCS Official Methods. 
Lysine was determined according to Spackman, etal . ,  (27). 
Statistical means were compared by Duncan's method (28), 
and significant differences are defined here as those statis- 
tically different at the 95% level. 

Equipment 

The seed was cracked on 6 in. diameter rolls with t0 
corrugations per inch. Dehulling equipment consisted of a 
shaker screen with provision for aspiration at the feed and 
discharge ends. Prepressing was conducted in a continuous 
4 in. diameter screw press. A 2 stage, steam jacketed 
padded conveyor served as a preconditioner for the screw 
press. Solvent extraction was done batchwise in a steam 
jacketed, 50 gal, screen bottom tank. For atmospheric steam 
cooking,  a 5 gal, jacketed, stainless steel vessel was 
equipped with a meshing rod agitation system, a spray 
nozzle, and a steam sparging coil (29). 

Water extraction was performed in a 10gal tank 
equipped with an agitator. The slurry then was filtered 
through a Biichner type unit  consisting of a 22 in. diameter 
screen bot tom tank with 60 mesh screen. The outlet under 
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the screen was connected to a 10gal receiver under 
vacuum. 

Countercurrent water extraction of cooked crambe 
meal was carried out by a multiple batch process in 
standard laboratory glassware. 

Procedure 
Meal preparation: Oil removal, cooking, and water 

extraction (Fig. 2) were carried out to study the removal of 
toxic factors from crambe seed. Quantitative recoveries of 
oil, meal, and byproduct hulls appear in Figure 2 in 
brackets. The first 5 steps are conventional for dehulling 
and removing vegetable oil from high off content  seeds, and 
represent the initial preparation for all meals. The crambe 
seed was cracked on corrugated rolls at 0.025 in. clearance 
to free the pericarp or hull, which then was removed by 
screening and aspiration. The dehulled seed was heated to 
200 F by indirect steam reducing moisture to 3% and then 
pressed to remove ca. two thirds of the oil. The remaining 
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T A B L E  II 

C o m p o s i t i o n  o f  A n i m a l  Diets  

I n g r e d i e n t  
9 0 - D a y  r a t  d ie t  

(%) 

Basal c o n t r o l  d ie t s  

2 8 - D a y  c h i c k  die t  R a t  a C h i c k  
(%) (%) (%) 

C r a m b e  meal  
C o r n  meal  
A l f a l f a  meal  
L in se e d  mea l  
S o y b e a n  meal  
Fish mea l  
Case in  
C o d  l iver oil  
C o r n  oi l  
Bone  meal  
L i m e s t o n e  
Gr i t  
Sal t  

30  
51 .2  

1,4 
7 

7 
2.1 

1.0 

0 . 3  

2 0  
27  7 3  33 .8  

5 2 6 .2  
10 

32 .5  4 0 . 6  
3 3 .8  

I 0  
3 

6 7 .5  
2 1.5 2 .5  
2 2 .5  
2 2 .5  
0 .5  0 .5  0 .6  

a l 9 . 1 % p r o t e i n .  

T A B L E  III 

A n a l y s e s  o f  C r a m b e  Feed  Meals 

Meal i d e n t i f i c a t i o n  A d d e d  t r e a t m e n t  

Meal  a n a l y s e s  (%) m o i s t u r e  free bas is  

P r o t e i n  Fa t  F ibe r  Ash  N F E  a 

T o x i n  ana lyses  (%) T o t a l  lys ine  

epi-Progoitrin Nitr i les  ( g / 1 6  g N) 

" U n t o a s t e d "  c r a m b e  
mea l  ( d e f a t t e d )  

A 
B 
C 

D 

E 

N o n e  
S t e a m  c o o k  o n l y  
S o d a  ash  + s t e a m  c o o k  
S t e a m  c o o k ,  w a t e r  

e x t r a c t e d  
S o d a  ash  + s t e a m  c o o k ,  

w a t e r  e x t r a c t e d  
S o d a  a sh  + s t e a m  c o o k ,  

w a t e r  e x t r a c t e d  
(2 t imes )  

48 .1  0 . 4  4 .9  8 .5  38 .1  9 .5  O.10  6 .2  
4 9 . 4  0 .4  4 .9  8 .6  36 .7  6 .7  0 . 4 0  5 .4  
4 8 . 6  0 .4  4 .9  12.8  33 .3  1.7 0 . 7 0  3.3 

54 .2  0 .4  6 .8  9 .6  2 9 . 0  2 .9  0 . 1 6  5 .4  

56 .0  0 .4  6 .7  11.0  2 5 . 9  0 .0  0 . 2 0  3.9 

59.1 0 .4  9.1 11,0  2 0 . 4  0 .0  0 .10  3.9 

a N F E  = N i t r o g e n  free e x t r a c t .  

oil in the press cake was removed by multiple batch extrac- 
tions with hexane at 140 F. The hexane wet defatted meal 
then was air desolventized, untoasted, defatted crambe 
meal. 

At this point, 4% soda ash, based on wt of defatted 
meal, was added as a dry powder to some meals. The meals 
then were cooked by a moist steaming and drying proce- 
dure typical of the so-called toasting operation used in 
commercial oilseed meal production. A typical time- 
temperature profile for the cooking step is shown in Figure 
3. The cooking was initiated by heating the meal to 185 F 
under jacketed steam. Live steam then was admitted and 
room temperature water was added to the meal to raise its 
moisture content to 25%. Open steaming was continued for 
20 min, followed by a 45 min dryout with only jacket 
steam. The hot meal then was air cooled and dried to a 
moisture content of ca. 10%. 

To extract with water, the meal was slurried for 30 min 
in 3 parts of water at room temperature and separated on 
the 60 mesh screen. The cake then was washed on the 
screen with 9 parts of water and dried. For one experiment 
(Fig. 2, meal E), the water extraction step was repeated a 
second time before drying. 

Animal feeding: Rat feeding studies were conducted at 
the Western Regional Research Laboratory. Weanling female 
rats of the Fisher strain were divided into 6 groups of 5 rats 
each in such a manner as to equalize average group wt. The 
animals were housed in individual screen bot tom cages and 
offered feed and water ad libitum throughout the 90 day 
experimental period. Body wt and feed consumption data 
were gathered weekly, and at the conclusion of the 
experiment, all animals were sacrificed. Body organs of all 
animals were weighed and inspected, and particular atten- 

tion was given to the thyroids, livers, and kidneys. 
Rats were fed a basal diet of sufficient protein quality 

and quantity so that difference in their growth should 
reflect differences in toxic factors rather than protein 
quality variation. The experimental crambe meals were fed 
at a level of 30% of the total diet; composition of the diet is 
given in Table II. The diet with crambe meal contained 27% 
total protein. 

Chick feeding studies were conducted at the Wisconsin 
Alumni Research Foundation, Madison, WI. Day old, white 
male broiler chicks were randomly allotted to 6 groups of 
20 chicks each, 5 groups fed crambe meal, and one fed the 

control diet. The chicks were housed in Jamesway elec- 
trically heated battery brooders with experimental diets 
and water supplied ad l ibitum for 4 weeks. Body wt and 
feed consumption data were gathered weekly. At the 
conclusion of the experiment, t0  chicks from each treat- 
ment were selected randomly for sacrifice and gross 
necropsy. Appearance of liver, kidney, and gizzard lining 
was noted, and thyroid wt was recorded. 

Crambe meals were fed in a nutritionally adequate basal 
diet so that the reduction in growth was attibutable only to 
toxic factors. The chick diet with crambe test meal at a 
20% level (Table II) contained 30% total protein. 

RESULTS AND DISCUSSION 

Meal Composition 
Proximate analyses of the meals fed in the animal studies 

are given in Table" III. Composition of the dehulled, 
defatted meal before steam cooking and water extraction is 
included. 
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S t eam cook ing  i m p r o v e d  f i l t ra t ion.  Meals A and  B (Fig. 
2;  Table  III)  r ep resen t  a var ia t ion  in cook ing  p rocedure ;  
meal  A was p r o d u c e d  by  s t eam cook ing  on ly  and  meal  B by  
the  same p rocedure  bu t  in the  presence  of  soda ash. S team 
cook ing  on ly  (mea l  A)  d e c o m p o s e d  a b o u t  30% of  t he  epi- 
progo i t r in  and  increased  ni t r i te  con t en t .  S team cook ing  
wi th  soda ash (mea l  B) great ly  increased g lucos ino la te  
de s t ruc t i on  bu t  y ie lded  add i t iona l  nitr i le.  The  convers ion  of  
epi-progoitrin to  ni t r i le  for  meals A and  B is 30-50% of 
theo re t i ca l ;  conve r s ion  p r o d u c t s  o t h e r  t h a n  nitr i les  have no t  
b e e n  ident i f ied .  Water  e x t r a c t i o n  of  s t eam t r ea t ed  meal  b y  
the  s imple s lurry wash t e c h n i q u e  used here  (mea l  C) 
r educed  g lucos inola te  and  ni t r i le  c o n t e n t s ,  b u t  still lef t  a 
g lucos inola te  c o n t e n t  30% as h igh  as in the  u n t o a s t e d  meal .  
Water  e x t r a c t i o n  of the  soda ash cooked  meal  p r o d u c e d  
meals D and E, which were free of epi-progoitrin and had 
lower  ni tr i le  con t en t s .  A second  wa te r  e x t r a c t i o n  (meal  I~) 
f u r t he r  redtaced the  ni t r i le  c o n t e n t  be low t h a t  in meal  D. 

A d d i t i o n  of  soda  ash increased  the  ash c o n t e n t  of meals  
B, D, and  E, and  decreased the i r  lysine c o n t e n t  ca. 30% 
be low the  value for  c o r r e s p o n d i n g  t r e a t m e n t s  w i t h o u t  soda 
ash. This  r e d u c t i o n  would  impa i r  the  feeding qua l i ty  of  
these  meals for  n o n r u m i n a n t s  s o m e w h a t ,  unless  t he  t rea t -  

m e n t  can be mod i f i ed  to  lower  the  soda ash level or to 
minimize  the  degree of  hea t  t r e a t m e n t .  

Water extraction (meals C, D, and E) increased protein 
and  f iber  c o n t e n t s  owing  to  the  removal  of  wa te r  so luble  
c a r b o h y d r a t e  and  some of  the  added  soda ash. A mater ia l  
ba lance  of  the  process  s t reams,  s ta r t ing  w i th  100 par ts  b y  
weight  of whole  c r a m b e  seed, showed  a 13% loss of  solids 

in the water extract. Basic ion exchange resins have been 
f o u n d  e f f e c t i v e  i n  t h e  r e c o v e r y  o f  g l u c o s i n o l a t e s  f r o m  t h e  

water extract (L.D. Kirk, unpublished data), but market 
research  will be  r equ i red  to  f ind  c o n s u m e r  uses for  th is  
b y p r o d u c t .  Water  e x t r a c t i o n  of  cooked  c rambe  meal  ( no t  
soda ash t r ea t ed )  also was eva lua ted  as a c o u n t e r c u r r e n t  
mul t ip le  b a t c h  process.  

epi-Progoitrin was c o m p l e t e l y  r e m o v e d  in a 60 min  
c o u n t e r c u r r e n t  e x t r a c t i o n  wi th  wa te r  at r o o m  t e m p e r a t u r e ,  
w i th  a w a t e r : m e a l  ra t io  of  3:1.  Af te r  es tabl i sh ing equi l ib-  
r i um for  the  c o u n t e r c u r r e n t  stage ope ra t ion ,  solids concen-  
t r a t i o n  of  the  ex t r ac t  was ca. 12.5%. Solids loss (13%) in 
the  wate r  ex t r ac t  was a p p r o x i m a t e l y  the  same as for  wa te r  
e x t r a c t e d  meals C, D, and  E. Pro te in  c o n t e n t  of  the  ex- 
t r ac t ed  meals was 59.0%, mo i s tu re  free basis. 

A n i m a l  F e e d i n g  Data  

G r o w t h  r e t a r d a n t  p roper t i e s  of  processed c rambe  meals  
for  ra ts  cor re la ted  closely w i th  t he  t o t a l  epi-progoitrin plus 
ni t r i le  c o n t e n t  (Fig. 4). The  ac t ion  of  soda ash decreased  
the  a m o u n t  of  epi-protoitrin plus ni t r i le  (mea l  B) and  signif- 
i can t ly  i m p r o v e d  growth .  The  2 soda ash cooked ,  wa te r  
e x t r a c t e d  meals (D and  E) gave wt gains no t  s igni f icant ly  
d i f fe ren t  f r o m  the  basal  c o n t r o l  diet.  These  meals  c o n t a i n e d  
no  epi-progoitrin and  0.2% or  less of  nitri tes.  
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FIG. 4. Effect of feeding processed crambe meals on growth and 
toxicity to rats and chicks. 

Chick  wt gains on  these  feed meals  also are s h o w n  in 
Figure 4 for comparison with rat data. Only with steam 
cooked  meal  A was there  a s ta t is t ica l ly  s ignif icant  lower  
g r o w t h  t h a n  wi th  the  con t ro l .  Chicks were fed a lower  level 
of  c rambe  meal,  20% as c o m p a r e d  to  30% for  rats,  and  for  a 
sho r t e r  pe r iod  of t ime,  28 days  as c o m p a r e d  to  90  days for  
the  rats. The  lower  level and  sho r t e r  t ime  of  feeding could  
accoun t  for  the  lower  t ox i c i t y  ef fec ts  observed  over  those  
in the rat feeding tests. Based on wt gains of both rats and 
chicks,  the re  was n o  s ignif icant  ev idence  of  toxicity for the 
soda ash cooked ,  wate r  e x t r a c t e d  meals.  

Tox ic i ty  also was eva lua ted  by  his to logical  e x a m i n a t i o n  
of b o d y  organs  (Table  IV). Af te r  90  days of  feeding,  all rats  
were sacrif iced,  and  liver, spleen,  k idneys ,  hear t ,  adrenal ,  
and  t h y r o i d  wts were de t e rmined .  The  livers, k idneys ,  and  
thyro ids ,  wh ich  are k n o w n  to  be a f fec ted  b y  feeding raw 
c rambe ,  were closely e x a m i n e d  by  a pa tho log i s t  for  les ions  
and  o t h e r  abnormal i t i e s .  The  m e a n  wt of  key  organs 
o b t a i n e d  u p o n  a u t o p s y  per  100 g of  b o d y  wt are given in 
Table  IV. In Figure 4, bar  graphs  r ep resen t  ra t ios  of  the  
pe rcen tage  b o d y  organ wts of  t es t  animals  to  the  pe rcen tage  
b o d y  organ wts of animals  fed the  basal  c o n t r o l  diet .  Tes t  
meals  y ie lded  relat ive organ wts e i the r  above  or be low the  
c o n t r o l  value. 

Body  organs of  ra ts  c o n s u m i n g  the  s t eam cooked  meal  
(A)  were s igni f icant ly  enlarged over  those  of  ra ts  c o n s u m i n g  
all o t h e r  meals,  b o t h  c r ambe  and  basal  con t ro l .  Meal A also 
p r o d u c e d  the  greates t  n u m b e r  of  lesions in liver and  k idney .  
To a lesser ex t en t ,  b o t h  soda ash c o o k e d  meal  (B) and  
s t eam t rea ted ,  water  e x t r a c t e d  meal  (C) caused t he  same 
p a t h o l o g y .  Rats  fed the  2 soda  ash cooked ,  wa te r  e x t r a c t e d  
meals  (D and  E) were free of  s ignif icant  fiver and  k i d n e y  
lesions;  and  the  more  t h o r o u g h l y  e x t r a c t e d  meal  (E)  pro-  
duced  no  goi t rogenic  effect .  The re  was relat ively l i t t le  dif- 

TABLE IV 

Histological Data from Rats 

Meal identification 
Toxic factor (%)1 Mean body wt 

epi-Progoitrin Nitrile (g) 

Mean organ wt (g/100 g body wt) 

Thyroid 2 Liver Kidney Heart Adrenals 2 Spleen 

A 6.7 0.40 66 d 3 24.4 a 
B 1.7 0.70 144 c 14.9 b 
C 2.9 0.16 158 b 15.0 b 
D 0 0.20 172 ab 11.1 cd 
E 0 0.10 172 ab 8.4 e 

Basal control . . . .  175 a 9.2 de 

9.71 a 1.56 a 0.54 a 43.0 a 0.42 a 
5.63 b 1.00 b 0.41 b 22.8 c 0.27 b 
4.16 c 0.93 bc 0.40 b 24.4 bc 0.26 bc 
3.69 cd 0.82 de 0.38 bc 27.4 b 0.25 bc 
3.53 cd 0.84 cd 0.33 c 25.2 bc 0.25 bc 
3.20 d 0.68 f 0.33 c 25.2 bc 0.23 bc 

l"As is" basis. 
2Organ wts of adrenals and thyroids = mg/lO0 g body wt. 
3Two means with no letter in common differ significantly at 95% level. 
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fe rence  in b o d y  organ  size of  the  ra ts  fed soda ash cooked ,  
wate r  e x t r a c t e d  meals  when  c o m p a r e d  to  the  organs of  rats  
fed the  basal  con t ro l  diet .  There  was a d i f fe rence  in k idneys  
of  ra ts  fed soda ash cooked ,  t h o r o u g h l y  e x t r a c t e d  meal  (E) 
w h e n  c o m p a r e d  to  the  con t ro l .  A p i g m e n t a t i o n  of  the  
k idney  in these  an imals  was, in  the  j u d g m e n t  of  the  
pa thologis t ,  m ino r  in na tu re ,  and  no t  due to  the  c r ambe .  

Pa tho logy  of  the  chicks  was no t  exp lo red  as t h o r o u g h l y  
as t h a t  of  the  ra t .  Hal f  of  each  group  of  20  chicks was 
sacr i f iced a f te r  4 weeks.  Visual  i n spec t ion  o f  livers and  
k idneys  ind ica t ed  n o  apprec iab le  e n l a r g m e n t  or  damage.  
The  t h y r o i d s  were weighed,  and  resul t s  are c o m p a r e d  in 
Figure 4 w i th  s imilar  ra t  data .  There  was a h igh cor re la t ion  
of  t h y r o i d  en l a rgemen t  wi th  c o n t e n t  of  epi-progoitrin, The 
soda ash cooked ,  wa te r  ex t r ac t ed  meals did n o t  p r oduce  
t h y r o i d  va r ia t ion  s igni f icant ly  d i f fe ren t  f r o m  t h a t  of  the  
basal  con t ro l  diet.  Pa tho logy  of chicks  ind ica ted  t h a t  these  
meals  were free of  c r a m b e  t ox i c i t y  and  was in ag reemen t  
w i th  the  ra t  pa tho logy .  

Because b o t h  ra t  and  chick  feeding data  show t h a t  
t ox i c i ty  was closely re la ted  to  the  res idual  a m o u n t s  of  
g lucosinola tes ,  i ts  r emova l  by  w a t e r  e x t r a c t i o n  shou ld  
improve  p ro t e in  qual i ty .  The  costs  of  wa te r  e x t r a c t i o n  and  
p ro t e in  losses i ncu r red  in the  process,  however ,  will need  to  
be ba lanced  against  n u t r i t i o n a l  qua l i ty  of  wa te r  ex t r ac t ed  
c rambe  meals. 
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