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ABSTRACT AND SUMMARY 
Crambe meals prepared by water extraction on a 

continuous filter when fed to rats gave protein ef- 
ficiency ratios that were equal to or higher than the 
casein control, indicating that the water washing 
produced a palatable, nutritious meal. In a 4-week 
chick-feeding study, crambe was fed at 20% of the 
total diet. The diets containing crambe had somewhat 
lower gains (83-87% of control) and feed efficiency 
(94-95%) compared to the basal control group. Livers 
and kidneys appeared normal for all groups. There 
was some very slight gizzard erosion in the crambe- 
fed group. In a 90-day rat-feeding study, water- 
washed crambe was fed at 30% of the total diet, and 
body and organ weights were determined. Growth 
was slightly less than with the 30% soy control. There 
were no significant differences among relative organ 
weights for all groups. Results of feeding studies in 
rats and chicks indicate that the process of water ex- 
traction on a continuous filter can successfully 
prepare crambe meals with greatly reduced toxicity. 

I NTRODUCTION 
Crambe oil has been used in a variety of applications (1). 

Crambe meal has a high protein content with a well 
balanced amino acid pattern. However, its biological quality 
is diminished by the presence of glucosinolates which are 
sources of toxic compounds (2). In 1965, workers at the 
Northern and Western Centers demonstrated that an 
autolyzed unheated crambe meal that contained no epi- 
progoitrin, the major glucosinolate in crambe, and no 
(R)-goitrin, the expected hydrolysis product, when fed to 
rats proved fatal within 2 weeks (3). After extraction with 
acetone, the meal gave essentially normal growth (4). The 
a l t e r n a t e  products from autolysis were conclusively 

1presented at the AOCS meeting, Chicago, September 1976. 

TABLE I 

Analyses of Crambe Meals Prepared for Feeding Trials 

II IlI 
I Water- Water- 

Item Unwashed washed washed 

Moisture, % 3.0 5.2 4.4 
Ash, % 8.5 9.6 10.5 
Oil, % 0.7 0.8 0.8 
Fiber, % 6.7 8.3 9.0 
Protein (N x 6.25), % 47.9 50.7 48.0 
Sucrose, % 9.6 1.2 11.0 
Dextrose, % 2.9 0.5 0.4 
Other carbohydrates 

(by difference) % 20.7 23.7 25.3 

100.0 100.0 100.0 
Total glucosinolates, %a 5.6 0.6 0.3 
Available lysine, % 5.1 5.0 4.6 
Thioglucosidase activity Negative Negative Negative 
Free goition, % 0.06 0.04 0 
Free nitrile, % 0.04 0.03 0.03 

aAs epi-progoitrin sodium salt. 
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identified as the nitriles described by Daxenbichler et al. 
(5,6). The isolated nitriles as well as crambe seed meals 
containing them were later shown by rat-feeding studies to 
be much more toxic than isolated epi-progoitrin or (R)- 
goitrin or meals containing them with the enzymes in- 
activated (7). Later reports show autolysis of  other 
Cruciferae plants also forms organic nitriles instead of the 
expected mustard oils (8). The poor growth of  mice fed 
Bronowski rapeseed meal, which is low in total glucosino- 
lates, has been attributed to the organic nitriles formed 
during meal preparation (9). These discoveries demonstrate 
that nitrile formation, in addition to previously recognized 
mustard oils and goitrin, complicates detoxification of 
oilseed meals from the Cruciferae. 

Earlier studies demonstrated improved palatability and 
nutritional quality for ruminants by chemically modifying 
defatted crambe meal with soda ash (10), ammonia (I 1), or 
ferrous sulfate (12). Many reports have appeared in the 
literature on extraction of glucosinolates from Cruciferae 
oilseeds. Rapeseed meats and meals have been water ex- 
tracted (13-16) by numerous workers. Crambe meal has 
been extracted with water, aqueous acetone, or aqueous 
methanol (17-18). Previous work at the Northern Center 
demonstrated a method for removal of toxic factors from 
defatted crambe meal by batch extraction with water (19). 
More recently a pilot-plant process was demonstrated for 
the continuous water extraction of 92 to 96% of the glu- 
cosinolates from defatted crambe meal (20). Quantities of 
meal sufficient for rat and chick feeding studies were pre- 
pared by this process, and the results of these feeding trials 
are presented in this paper. 

M A T E R I A L S  

The defatted crambe meal was slurried and water washed 
on a 6 sq ft continuous pilot-plant filter (20). Two water- 
washed crambe meals were prepared containing different 
amounts of residual glucosinolates by varying the quantities 
of wash water on the continuous belt filter. The third meal 
used in the feeding trials was unwashed crisped crambe. 
Analyses of these three meals are shown in Table I. 

METHODS 
Total glucosinolates were determined on the crambe 

meals by enzymatic conversion to goitrin by a modified 
procedure of Wetter (21). Meal (1 g) was extracted with 
boiling water to remove all the glucosinolates. A 2-ml 
sample of the water extract was enzymatically converted to 
goitrin in 4 ml of pH 7 butter containing 16 mg of 
myrosinase and held 2 lir at 55 C. The enzyme-converted 
solution was extracted twice with methylene chloride to 
remove goitrin; 50 ml of solvent was used for each contact, 
and final solvent volume was adjusted to 100 ml. Optical 
density of methylene chloride extract was read on a Beck- 
man DB spectrophotometer at 5 m/a intervals from 210-280 
m#. Goitrin was analyzed by a method similar to that of 
Appelqvist and Josefsson (22). Organic nitriles were deter- 
mined by IR absorption (23). Glucosidase activity was 
tested by the method of VanEtten et al. (24). Available 
lysine was determined by the method of  Rao et al. (25), 
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Amino acid 

TABLE II 

Amino Acid Composition of Soy, Casein, and Crambe Proteins 

g/16 g N 

Defatted Unwashed 
g[100 g Protein soy crambe 

Casein a meal b meal I 

Washed Washed 
crambe crambe 
meal II meal III 

Essential 
Arginine 4.1 7.6 6.6 6.8 7.5 
Histidine 3.1 2.2 2.5 2.6 2.9 
Isoleucine 6.1 4.4 4.0 4.4 4.7 
Leucine 9.2 6.7 6.4 6.8 7.2 
Lysine 8.2 6.0 5.3 5.6 6.4 
Methionine 2.8 1.4 1.9 2.1 2.2 
Phenylalanine 5.0 4.5 4.0 4.2 4.7 
Threonine 4.9 3.7 4.5 5.0 5.5 
Valine 7.2 4.5 4.8 5.2 5.5 

aSee Ref. 35. 
bSee Ref. 36. 

and nonprotein nitrogen by the method of Becker et al. 
(26). Amino acids were analyzed by the method of  Benson 
and Patterson (27). Crude fat (28), moisture (29), ash (30), 
crude fiber (3 I), and protein analyses (32) followed Official 
AOCS methods. Statistical means were compared by 
Duncan's method (33). 

EXPERIMENTAL PROCEDURES 
Protein Efficiency Ratio (PEhl Bioassay 

PER (34) and rat-feeding studies were conducted at the 
Western Regional Research Center. Each of  the three 
crambe test meals was fed to rats for 28 days at a level to 
provide 10% protein in the diet. A fourth group was fed a 
casein control diet. There were five male weanling rats per 
group, Sprague-Dawley strain, initial age of 21 days and at 
an initial weight of 53 g. 

Ninety-Day Rat Feeding Study 
Six diets were tested. Water-washed crambe meals at two 

levels of residual glucosinolates were tested against soybean 
meal, all at 30% of the diet. Unwashed crambe meal was fed 
at 5, 10, and 15% to establish a dose-response for a positive 
control. In addition to soy or crambe meal, the diets con- 
tained 7% casein, 5% corn oil, 4% salts fortified with 
zinc (125 mg/kg) and cobalt (6 mg/kg), 2.2%vitamin mix- 
ture (nutritional Biochemicals), dl-methionine to provide 
methionine levels equal to that in the 30% crambe diets, 
and corn meal to make 100%. Thirty-six weanling male 
Sprague-Dawley rats were assigned to the six experimental 
diets so as to obtain as nearly equal initial mean body 
weight as possible for each group. They were housed three 
to a cage and fed the experimental diets ad libitum for 90 
days. Individual body weights and feed consumption per 
cage were determined once a week. 

At the end of  the test period, the animals were killed by 
exsanguination under ether anesthesia, and blood samples 
were obtained from the brachial artery for hematology and 
clinical chemistry. 

Hematology determinations included erythrocyte and 
leukocyte counts (determined on a Coulter Counter), 
packed cell volume, hemoglobin, and differential leukocyte 
counts. Clinical determinations on blood plasma (deter- 
mined on an Autoanalyzer-II) included the enzymes 
giutamic oxaloacetic transaminase, glutamic pyruvic trans- 
aminase, alkaline phosphatase, and ornithine carbamoyl 
transferase. Also measured were plasma urea nitrogen, 
albumin, total protein, and total bilirubin. Urine samples 
were collected from individual rats a few days prior to 
autopsy for standard urinalysis. 

At autopsy, animals were subjected to complete gross 

examination. Tissues were routinely fixed in a 10% 
phosphate buffered formalin. Following fixation, tissues 
were embedded in paraffin, sectioned at 6 p, and stained 
with hematoxylin and eosin. 

Four-Week Chick Feeding Study 
Day-old male broiler chicks were randomly allotted to 

four groups of fifteen chicks each. The control group was 
fed a corn-soy basal diet while the other three groups were 
fed the basal diet plus 20% of the crambe test meals. The 
diets were adjusted to 20% protein through the addition of  
ground yellow corn and 44% soy meal. Chicks were housed 
in electrically heated battery brooders with raised wire 
floors. Test diets and water were offered ad libitum for the 
duration of the study. 

At the conclusion of the 4-week feeding period, ten 
chicks from each group were randomly selected and 
asphyxiated with carbon dioxide. They were then examined 
grossly: the liver and kidneys checked for abnormalities, 
thyroids removed and weighed, and the gizzards examined 
for erosion. The chick-feeding trials were conducted at 
WARF Institute, Inc. at Madison, Wisconsin. 

RESULTS AND DISCUSSION 
The crambe meals used in the feeding trials had protein 

contents of 47.9 to 50.7% which compare favorably to soy- 
bean meal at ca. 49% protein (Table I). Sucrose and 
dextrose contents were considerably reduced by the water- 
washing procedure. Total glucosinolates were reduced by 
92 to 96% in the washed crambe.meals. Available lysine, a 
good indicator of  heat damage during processing, remained 
fairly high in the range 4.6 to 5.1% (Table I) compared to 
5.5% in the starting defatted meal (15). Thioglucosidase 
activity in the meals was negative, effectively inactivated by 
the moist heat in the crisping step. Conseuqently, free 
nitrile and goitrin, products of  enzymatic hydrolysis, were 
held to very low values (Table I). The amino acid contents 
of the crambe meals are compared to casein and soybean 
meal in Table II. In general, higher contents of essential 
amino acids, except arginine, were found in crambe meals 
compared to soybean meal, which comprises a recognized 
good-quality oilseed protein. 

Protein Efficiency Ratio 
Groups fed diets containing unwashed crambe meal had 

final mean body weights significantly lower than the groups 
fed the casein control diet (Table III). Final mean body 
weights of groups fed diets containing water-washed crambe 
were higher though not significantly different from the 
control group. 

Groups fed diets containing unwashed crambe consumed 
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TABLE III 

Protein Efficiency Ratios for Processed Crambe Meals 

VOL. 54 

Protein source 

Final 
Protein a mean Total 
source body feed PER b Percent digestibility c 
in diet weight consumption 

(%) (g) (g) Actual Adjusted Diet Nitrogen 

Casein control 11.4 140 Aad 293Ab 2.93 Aa 2.50 95 91 
I Unwashed crambe 22.2 44Bb 116 Bc -0 .80  Bb --0.68 95 90 

II Water-washed crambe 19.7 164Aa 373Aa 2.96 Aa 2.53 91 74 
III Water-washed crambe e 20.8 167Aa 352 Aab 3.19 Aa 2.72 90 73 

aAll diets calculated to contain 10% protein. 
bpER = Protein Efficiency Ratio. Weight gain/grams protein intake. 
CDigestibility: diet = feed intake--fecal wt/feed intake x 100; nitrogen = N intake--fecal N/N intake x 100. 
dDuncan's Multiple Range Test: means without a superscript letter in common are significantly different; 

= <0.05 = lower case; P = <0.01 = upper case. 
eData on four rats. 

TABLE IV 

Growth and Feed Consumption of Rats Fed Crambe and Soy Meals (Cumulative Data to 85 Days) 

Feed consumption b 
Growth a Mean per rat 

Mean weight gain per day 

Feed efficiency 

Weight gain/feed consumption 

Level % of % of % of 
Meal fed (%) (g) control (g) control Ratio control 

I Unwashed crambe 5 399 Bc 88.7 17.9 AB 83.6 0.262 A 104.4 
I Unwashed crambe 10 324 C 74.0 16.0 B 74.8 0.240 AB 95.6 
I Unwashed crambe 15 285 D 66.4 16.5 B 77.1 0.207 B 82.4 

II Water-washed crambe 30 401B 89.1 19.0 AB 88.8 0.248 AB 98.8 
III Water-washed erambe 30 394 B 87.7 18.2 AB 85.0 0.255 A 101.6 
Soy control 30 457 A.  100.0 21.4 A 100.0 0.251A 100.0 

asix rats per group. 
bSignificance of differences among means determined by Duncan's multiple range test; means without a 

superscript letter in common are significantly different, P < 0.05. 
CValues are means of two groups of three rats each. 

less t h a n  hal f  t ha t  c o n s u m e d  b y  the  c o n t r o l  group.  The  
wate r -washed  c rambe  diets  were c o n s u m e d  at a h igher  ra te  
(20-27%) t h a n  t he  casein con t ro l .  

G r o u p s  fed diets  con ta in ing  u n w a s h e d  c rambe  had  a 
negat ive  weigh t  gain and  thus  a negat ive  P E R  value. B o t h  
g roups  on  the  diets  c o n t a i n i n g  wa te r -washed  c rambe  gave 
h igher  t h o u g h  no t  s igni f icant ly  d i f f e ren t  PERs  c o m p a r e d  to  
the  c o n t r o l  group.  

It  is in te res t ing  to  no t e  t ha t  t he  severely l imi ted  feed 
in take  of  u n w a s h e d  c r a m b e  meal  was a c c o m p a n i e d  b y  rela- 
t ively h igh  diges t ib i l i ty  f igures;  whereas  for  the  o the r  two  
meals  wh ich  were  inges ted  in greater  a m o u n t s  and  p r o d u c e d  
adequa t e  g rowth ,  d iges t ib i l i ty  was less comple t e ,  especial ly 
for  n i t r ogen  (Table  III) .  This  migh t  poss ib ly  be  exp la ined  
be  compar ing  t h e  n i t rogen  solubi l i ty  i n d e x  figures of  25 for  
u n w a s h e d  c rambe  c o m p a r e d  to  4 or  less for  the  washed  
m e a l s .  The  washing  p r o c e d u r e  r emoves  a s ignif icant  
q u a n t i t y  of  t he  so luble  p r o t e i n  w h i c h  m i g h t  be  p r e s u m e d  to  
be  m o r e  readi ly  digest ible.  

Ninety-Day Toxicity Study in Rats 
Rats  fed t he  two  wa te r -washed  c r a m b e  meals  at  two  

d i f f e ren t  levels of  res idual  g lucos inola tes  did no t  display 
g r o w t h  s igni f icant ly  d i f fe ren t  f rom each  o the r  a l t h o u g h  
b o t h  meals  p r o d u c e d  a g r o w t h  ra te  s o m e w h a t  lower  t h a n  
t he  soy c o n t r o l  (88-89% of  con t ro l )  (Tab le  IV). The  ini t ia l  
week ly  feed c o n s u m p t i o n  ra te  was s igni f icant ly  grea ter  for  
t he  soy con t ro l  and  inversely  re la ted  to  the  pe rcen t  of  
u n w a s h e d  c rambe  in the  die t ;  however ,  these  d i f fe rences  
d i sappeared  at 43 days  and  were  n o t  s igni f icant ly  d i f fe ren t  
for  the  ba lance  of  the  e x p e r i m e n t .  These  d i f fe rences  were 
also ev iden t  in  the  overal l  m e a n  feed c o n s u m p t i o n  values 

shown  in Table  IV. C o m p a r i s o n  of  feed ef f ic iency  for  b o t h  
wa te r -washed  c rambe  meals  at  the  30% level vs. u n w a s h e d  
c rambe  at t he  15% level ind ica tes  a t ox i c  ef fec t  for  
u n w a s h e d  c rambe ,  as expec t ed  (Table  IV). The  feed ef- 
f i c iency  of  d ie ts  c o n t a i n i n g  wa te r -washed  c rambe  meal  was 
in i t ia l ly  less t h a n  t ha t  of  soy, bu t  d i f fe rences  were never  
s ignif icant .  This  m a y  ref lect  n u t r i t i o n a l  d i f fe rences  r a t h e r  
t h a n  any  tox ic i ty .  

Body  and  organ  weights  at  a u t o p s y  are given in Table  V. 
Liver en l a rgemen t ,  relat ive to b o d y  weight ,  is ev ident  f r o m  
feeding u n w a s h e d  c rambe .  There  was a s imilar  t e n d e n c y  
w i th  relat ive k idney ,  bra in ,  and  tes tes  weights .  The  da ta  
suggest for  these  la t te r  t h r ee  organs  t h a t  the  relat ive organ 
weights  m a y  have been  a l te red  b y  g r o w t h  r e t a r d a t i o n  per  
se, r a t h e r  t h a n  by  a d i rec t  e f fec t  of  c r a m b e  o n  the  organs.  
U n w a s h e d  c r a m b e  also b r o u g h t  a b o u t  decreased real t ive 
spleen weight  and  d is t inc t  t h y r o i d  en la rgemen t .  There  were 
no  s ignif icant  d i f fe rences  a m o n g  relat ive organ weights  of  
ra ts  fed t he  soy  con t ro l  and  washed  c r a m b e  meals  II and  
III.  

P lasma e n z y m e s  and  o t h e r  b l o o d  c o n s t i t u e n t s  were 
measured  to  de t ec t  adverse ef fec ts  on  liver and  k i d n e y  
f u n c t i o n .  Plasma a lkal ine  p h o s p h a t a s e  increased  in r e sponse  
to  u n w a s h e d  c rambe  in t he  die t ;  however ,  th i s  e n z y m e  is 
also p resen t  in  t issues o t h e r  t h a n  liver. O r n i t h i n e  c a r b a m o y l  
t ransferase ,  w h i c h  is bel ieved to  be  h ighly  specif ic  for  liver 
damage,  the  two  transariainases,  and  alkal ine  p h o s p h a t a s e  
showed  no  s ignif icant  d i f fe rences  in  ac t iv i ty  b e t w e e n  t he  
soy c o n t r o l  and  e i the r  of  the  wa te r -washed  c r a m b e  samples.  
Dif ferences  in  p lasma urea n i t rogen ,  a l b u m i n ,  t o t a l  p ro t e in ,  
and  t o t a l  b i l i rub in  b e t w e e n  the  wa te r -washed  c r a m b e  diets  
and  t he  soy c o n t r o l  were  no t  s ignif icant  ( excep t  for  s l ightly 
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TABLE V 

Body and Organ Weights of Rats Fed Crambe and Soy Meals for 90 Days 

Percent of body weight Body 
weight Liver Kidneys Spleen Heart Testes  Brain Adrenals Thyroids 

Meal fed (g) (%) (%) (%) (%) (%) (%) (%) (%) 

I .Unwashed crambe, 5% 445B a 2.8 C 0.73AB 0.15BC 0.28 A 0.80AB 0.45C 10.8 A 8.8 BC 
I Unwashed crambe, 10% 388 C 3.2 B 0.76A 0.17AB 0.28 A 0.87AB 0.50B 13.3 A 11.1AB 
I Unwashed crambe, 15% 348 D 3.8 A 0.77 A 0.14C 0.27 A 0.94A . 0.55A 12.9 A 13.6A 

II Water-washed crambe, 30% 461B 2.8 C 0.7lAB 0.18AB 0.29A 0.87AB ~ 0.44C 12.4A 7.9C 
III Water-washed crambe, 30% 447B~ 2.7 C 0.68B 0.19 A 0.29A 0.74B 0.46BC 12.9 A 6.6C 
Soy control, 30% 516 A~ 2.6 C 0.69AB 0.18AB 0.30A 0.72B 0.43C 13.0 A 7.5C 

aDuncan's multiple range test.  Means without 
group. 

bData on five animals. 

a superscript letter in common are significantly different P < 0.05. Data on six animals per 

TABLE VI 

Results of 4-Week Feeding of Crambe and Corn-Soy Meals to Chicks a 

Growth Feed consumption Feed efficiency 

Mean weight gain Mean per chick Weight gain/feed consumption 

% of % of % of 
Diet (g) control (g) control Ratio control 

Corn-soy basal diet (CSBD) control 
CSBD+ 20% unwashed crambe I 
CSBD+ 20%water-washed crambe II 
CSBD + 20% water-washed crambe III 

558 100.0 9"/0 100.0 0.57 100.0 
461 82.6 881 90.8 0.52 91.0 
478 85.7 884 91.1 0.54 94.0 
457 81.9 834 86.0 0.55 95.3 

aFifteen chicks per group. 

TABLE VII 

Body and Thyroid Weights of Chicks Fed Crambe and Corn-Soy Meals for 4 Weeks 

Mean body weight Thyroid weight Mg thyroid/lO0 g body weight 

% of % of % of 
Diet (g) control (mg) control Ratio control 

Corn-soy basal diet (CSBD) control 
CSBD + 20% unwashed crambe I 
CSBD + 20% water-washed crambe II 
CSBD + 20% water-washed crambe III 

593 Aa 100.0 47 B 100.0 7.9 B 100.0 
526 BA 88.7 154 A 327.6 29.3 A 370.6 
539 BA 90.9 39 BC 82.9 7.2 B 91.6 
491B 82.8 37 C 78.7 7.5B 95.4 

aDuncan's multiple range test. Means without a superscript letter in common are significantly different P < 0.05. Data on ten animals per 
group. 

lowered to ta l  p ro te in  associated wi th  the  c rambe II diet)  
and revealed no clear adverse effects .  Slight increases in 
urea ni t rogen,  a lbumin,  and to ta l  p ro te in  were associated 
wi th  ingest ion of  unwashed  crambe I diets. 

No significant d i f ferences  in hemato log ic  and urinalysis 
data  were n o t e d  b e t w e e n  rats fed water -washed crambe and 
the  soy cont ro l .  I-Iistologic evaluat ion ind ica ted  tha t  diet- 
re la ted lesions were conf ined  to  the  k idneys ,  thyro ids ,  and 
possibly p i tu i ta ry  glands. In the  k idneys ,  nuclear  enlarge- 
m e n t  ( neph rocy tom egaha )  in the  straight  po r t i on  of  the  
proximal  convolu ted  tubule  was observed to be re la ted in 
inc idence  and severi ty to the  amoun t  of  unwashed  crambe 
meal  in the  diet .  This lesion was found  to  occur  to a minor  
ex t en t  in b o t h  washed c rambe  meal  diets and soy control .  

T h y r o i d  l e s i o n s  (descr ibed as follicular epi thel ial  
vacuolat ion,  disorganizat ion,  and d iminu t ion  in size) were 
also generally re la ted in inc idence  and severity to the  
amoun t  o f  unwashed  c rambe  in the  diet .  A low incidence  of  
vacuolat ion was evident  in the  washed crambe meal  groups  
and absent  in the  soy cont ro l ,  while a low incidence  of  the  
remaining two thy ro id  lesions was present  in all three  
d ie tary  groups.  

Vacuo la t ion  o f  anter ior  p i tu i tary  cells was observed in 
all groups,  bu t  was mos t  p r o n o u n c e d  in rats fed 15% 
unwashed  crambe meal.  Liver lesions as descr ibed in a pre- 
vious c rambe meal  feeding s tudy  (7) were no t  evident  in 

TABLE Vlll 

Gizzard Erosion of Chicks Fed Crambe and 
Corn-Soy Meals for 4 Weeks 

Diet 

Gizzard erosion lesions 

Absent Present 

Corn-soy basal diet (CSBD) control 10 
CSBD + 20% unwashed crambe I 2 
CSBD + 20% water-washed crambe II 6 
CSBD + 20% water-washed crambe IlI 7 

0 
8 a 
4a 
3 

aSignificantly different at 0.OS level (single tail). 

these  animals.  

Four-Week Chick Feeding Study 
Chicks fed the  three  diets which  con ta ined  c rambe  meals  

had slightly lower gains (82-86%) compared  to the  con t ro l  
basal group.  Feed  c o n s u m p t i o n  was 86 to  91% of  the  con- 
trol,  and feed eff iciencies were in the  range of  91 to  95% of  
the  con t ro l  basal group (Table VI). 

The group fed the  unwashed  crambe meal  gave a signifi- 
cant ly  higher ratio o f  thy ro id  weight  to  b o d y  weight  as 
compared  to con t ro l  basal group.  Groups  fed ei ther  water-  
washed  crambe meals  II or III gave ratios of  thy ro id  weight  
to  b o d y  weight  that  were no t  s ignif icantly d i f fe rent  f rom 
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the  con t ro l  group (Table VII).  
The group fed the  unwashed  c rambe  meal  had the  largest 

n u m b e r  of  gizzard erosions and showed  a significant dif- 
ference  f rom the  basal con t ro l  group (Table VIII) .  The 
groups  fed the  water -washed  crambe meals  also exhib i ted  
some gizzard erosion.  However ,  the  group fed  the  more  
tho rough ly  washed c rambe  meal  III had gizzard erosion 
tha t  was no t  s ignif icantly d i f fe rent  f r o m  the  con t ro l  group.  
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