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Abstract  

Commercial-scale equipment was used to process 
experimentally 36 tons of Crambe abyssinica seed 
grown in the western part  of the United States to ob- 
tain information on the processing of this new oilseed 
and to determine characteristics of the oil and meal 
products. The run was carried out for USDA at the 
Pacific Vegetable Oil Corporation plant at Sidney, 
Nebraska, February 1964. 

Process objectives in the study included dehulling, 
primary oil removM by expeller prepress, secondary 
oil removal by solvent extraction and control o£ thio- 
glucosides to obtain good oil quality. A continuous 
plant operation yielded crude oils and toasted meal 
that will be compared with similar products from other 
commercial oilseed processes. 

Characteristics o£ the crude oils that have been deter- 
mined are composition, refining losses and hydrogena- 
tion ability. Organoleptic data on the refined, bleached 
and deodorized oils have been obtained, as well as con> 
positional data on the desolventized-toasted meals. 
More than 13 tons of meal and 10 tons of oil were pre- 
pared. 

Introduction 

C RA~[BE ABYSSINICA, a member of the family Cruciferae, 
is an oilseed that has been selected under the USDA 

screening program as having excellent potential for develop- 
ment as a new industrial oil crop. The purpose of this pro- 
gram is to uncover seeds containing unique oils suitable 
for industrial use and noncompetitive with those now in 
production. Crambe, an annual herb, has ah'eady proved 
suitable as a crop in North Central and Northwestern States. 

Limited plantings have been carried out and good yields 
reported by the Crops Research Division, ARS, USDA 
(]0). 

Crambe oil is similar to rapeseed oil in composition but 
contains more erucic acid. A typical composition of crambe 
oil is 54-59% erucic, 16-20% oleie, 8-10% linoleic, 4-8% 
linolenic and miscellaneous fatty acids. Erueie acid oils are 
useful as lubricants or for conversion to rubber additives 
by crosslinking with sulfur. Research on erucic acid and 
its derivatives should lead to nmnerous other expanded ap- 
plications in the fields of plasticizers, resins, fibers, coatings, 
waxlike materials and others. Crambe oil meal shows prom- 
ise as a protein supplement in animal feeds. 

For  several years, development of a suitable process to 
recover oil and meal from crambe seed has been underway 
at the Northern Regional Research Laboratory. Informa- 
tion obtained from these studies was used to establish con- 
ditions for the commercial processing of 36 tons of crambe 
seed in a prepress-solvent plant. During February 1964, 
the trial run was carried out at Sidney, Nebraska, for the 
Northern Laboratow by the Pacific Vegetable Oil Corpora- 
tion. The processing operations are detailed in this paper 
as well as an evaluation and the characteristics of oil and 
meal products obtained. 

Experimental 
Materials 

Crambe seed was grown by the Crops Research Division, 
ARS, USDA, under contract during the 1963 season in the 
States of Oregon, Idaho, Montana, Wyoming and Colorado. 
Whole seed frmn the various accessions was blended and 
analyzed in percent: moisture 8.1, oil 32.5, protein (N × 

z Presented at the AOCS Meeting, Chicago, October 1964. 
-" A laboratory of the No. Utiliz. Res, & Dev. ])iv., ARS, USDA. 
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recovery from crambe seed. 
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T A B L E  I 

To~a l  S n l f u r  a n d  T h i o g l u e o s i d e  C o n t e n t  o f  C r a m b e  S e e d  
F r a c t i o n s  D u r i n g  P r o c e s s i n g  

M a t m ' i a l  

O r i g i n a l  s e e d  . . . . . . . . . . . . . . . . . . . . .  
D e h u l l e d  m e a t s  . . . . . . . . . . . . . . . . .  
F I u l l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P r e s s  c a k e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o a s t e d  m e a l  . . . . . . . . . . . . . . . . . . . . . . .  

M o i s t u r e - f r e e ,  f a t - f r e e  b a s i s ,  % 

T o t a l  
s u l f u r  

2 . 0  
0 . 3 3  

T o t a l  
t h i o -  

g / u e o s i d e  

7 .7  c 
1 0 . 2 ¢  

,) 7 c 

9 . 2  a 

C o n v e r s i o n  p r o d u c t s  a f t e r  
e n z y m a t i c  h y d r o l y s i s  a of  

t o t a l  t h i o  l u c o s i d e s  

l ~ - 5 - v i n y l  V o l a t i l e  
2 - t h i o -  i s o t h i o -  

o x a z o i i d o n e  e y a n a t e  b 

1 . 4 7  0.i 
2 . 1 3  0 . 1  
0 . 0 0  T r a c e  
2 . 1 8  0 ,1  
1.78 ¢ 0.I 

a W e t t e r  a n a l y t i c a l  p r o c e d u r e  ( 3 ) .  
b C a l c u l a t e d  a s  a l l y l  i s o t h i o c y a n a t e .  

B y  s u l f a t e  i o n  a n a l y s i s  ( 4 ) .  
a B y  U V  a b s o r p t i o n  ( 3 ) ,  
e N o  f r e e  ( u n b o u n d )  t h i o o x a z o l i d o n e  f o u n d  b y  a n a l y s i s .  

6.25) 19.7, crude fiber 14.3, ash 5.0 and nitrogen-free ex- 
tract 20.5. Sieve analysis of crambe seed and meal was: 

C u m u l a -  
t i v e  

p e r c e n t -  
a g e  U . S .  s t a n d a r d  s i e v e  n u m b e r  
re -  

t a i n e d  3 4 6 8 i0 1 4  2 0  3 0  P a n  

S e e d  5 .0  7 0 . 8  8 6 . 5  9 7 . 5  9 9 . 8  1 0 0 , 0  
M e a l  1 3 . 0 "  2 0 . 5  a 2 7 . 8  ~ 3 9 . 0  7 5 . 8  8 8 . 3  1 0 0 , 0  

a O v e r s i z e  m a t e r i a l  a r i s i n g  f r o m  h a l l  a g g l o m e r a t e s  p r o d u c e d  i n  t he  
d e s o l v e n t i z e r - t o a s t e r  u n i t .  

Standard commercial-grade hexane was used to extract the 
press cake. 

Methods of Analyses  

A Beckman Spinco MS amino acid analyzer was used for 
determination of amino acids by the method of Spackman, 
Stein and Moore (9) ; fatty acid compositoin by gas-liquid 
chromatographic (GLC) analysis of methyl esters (6);  
total sulfur by the method of Shaw (7);  volatile isothio- 
cyanate by the method of Wetter (12) ; total thioglucosides 
by sulfate ion and UV absorption (5) ; thiooxazolidone by 
a modified Wetter procedure (5);  nitrogen solubility index 
(NSI) for the measurement of water-soluble protein by a 
modified method of Smith and Circle (8). Other tests un- 
less otherwise designated were analyzed by standard AOCS 
procedures (1). 

Procedures and. Equipment 

Seed cleaning, cracking, dehulling, preconditioning and 
expelling were carried out continuously as the first phase 
of operations over a period of approximately 22 hr. The 
second and last phase consisted of solvent extraction of 
press cake, miseella evaporation, oil stripping and oil meal 
desolventizing-toasting. This last phase was run contin- 
uously over an 8-hr period. 

Figure i presents a flowsheet of the first-phase opera- 
tions. Whole crambe seed from storage was fed to a double- 
screen seed clemler for separation of dockage. The clean 
seed was then cracked in corrugated rolls and passed over 
gravity table separators to separate the hulls. 

Decortieated whole and split kernels were conveyed to a 
five-deck preconditioner situated on a superstructure above 
the expeller. This unit was used to heat-condition the meats 
before they passed to the Anderson duoexpeller below for 
pressing out the oil. Press cake was accunmlated and stored 
temporarily before conveying to the extractor building. 0il  
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A n a l y s e s  of  C r a m b e  P r o c e s s  F r a c t i o n s  

 o sturo .............................. I 8% 
Oi, ....................................... , 2.5 
P r o t e i n  ( N  N: 6 . 2 5 )  . . . . . . . . . .  1 9 . 7  
C r u d e  f i b e r  . . . . . . . . . . . . . . . . . . . . . . . .  [ 1 4 . 2  
A s h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .0  
N F E  ................................... 2 0 . 5  

I , 7.0 

K e r n e l s  

% 
6 .1  

4 2 . 7  
2 5 . 2  

4 . 0  
4 . 5  

1 7 . 5  

H u l l s  

% 
1 3 . 5  

1 .8  
6 .9  

4 0 . 4  
5 .3  

3 2 . 1  

M e a l  

% 
1 1 . 3  

4 . 0  
3 9 . 0  

9 ,1  
7 . 6  

2 9 . 0  

1 0 0 , 0  

T A B L E  III 

P h y s i c a l  and C h e m i c a l  P r o p e r t i e s  of C r a m b e  O i l s  

A n a l y s i s  

( { e n e r a l  
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e n s i t y ,  2 5 C  ......................... 
l ~ e f r a e t i v e  i n d e x ,  2 0 0  . . . . . . . . . .  
M e l t i n g  p o i n t ,  C . . . . . . . . . . . . . . . . . . . .  
V i s c o s i t y ,  2 5 0  

C e n t i p o i s e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G a r d n e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A s h ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h o r u s ,  % . . . . . . . . . . . . . . . . . . . .  
S u l f u r ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U n s a t u r a t i o n  
I o d i n e  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . .  

IV a f t e r  h y d r o g e n a t i o n  . . . . .  
F a t t y  a c i d s  

F r e e - f a t t y  a c i d s  
% a s  o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S a p o n i f i c a t i o n  v a l u e  
M g  K 0 H / g  o i l  . . . . . . . . . . . . . . . . . . . .  

N o n g l y c e r i d e  c o n s t i t u e n t s  
U n s a p o n i f i a b l e  m a t t e r ,  % 
B r e a k ,  % . . . . . . . . . . . . . . . . . . . . . . . .  

P r e p r e s s  oi l  

C r u d e  

0 . 0 4  

0 . 0 0 5  
0 . 0 3 1  

0 . 6 2  

0 . 1 4  

R e f i n e d -  
b l e a c h e d  

0 . 0 2  
0 . 9 3 9 4  
1 . 4 7 1 3  
6 .5  

5 
0 . 0 0 5  
0 . 0 0 0 4  

9 3 . 0  
0 .9  

0 . 2 9  

1 7 3  

0 . 4 7  
0 . 0 2  

S o l v e n t  oi l  

l ~ e f i n e d -  
C r u d e  b l e a c h e d  

0 , 0 1 8  

0 . 0 7 5  
0 . 0 2 6  

9 6 . 1  
1 .0  

1 . 8 5  0 , 1 4  

1 7 3  

0 . 5 9  
0 .4O 0 . 0 1  

0 . 0 5  
0 . 9 4 0 8  
1 . 4 7 1 9  
6 .0  

8 5  
C 

0 . 0 2 0  
0 . 0 0 6  

and loots leaving the expeller were conveyed to a large 
foots settling tank where a slow moving dragline settled 
out the coarse foots. The decanted oil from this unit  was 
pmuped to a filter press for separating the "fine loots" 
(dispersed phase) and getting a clean press oil. 

Press cake was transferred pnemuatically to the solvent 
extraction building. A flowsheet of the extraction opera- 
tions is shown in Figure 2. In  the French extractor (a 
round, stationary basket type), 12 sector-shaped cells were 
filled with solids, one at a time, by a rotating conveyor. The 
meal was fed continuously as a slun.T in miscella. In  each 
cell the meal fornled a bed supported by hinged screen doors 
at the bottom. Four  nliscella washes followed by pure h e y  
ane were sprayed over the solids countercurrently by ro- 
tating feed distributors that followed the solids feeder. By 
this nleans each cell was flooded with successive miscella 
washes of gradually decreasing oil concentration. The rots- 
celia draining from the cells collected in ring-shaped troughs 
or COulpartments fronl which it was withdrawn and ad- 
vanced countercurrently by stage pumps. Finally, the flakes 
were sprayed with fresh solvent and permitted to drain be- 
fore they were discharged. Extraction for a 360 ° cycle 
required approximately 45 rain. Spent meal was conveyed 
directly to a desolventizer-toaster (D-T). 

Full  miscella leaving the extractor was pmnped through 
a leaf-pressure filter and then pmnped to an evaporator. 
In  this step, miscella was fed at the bottom o£ the evap- 
orator unit  to long vertical tubes that were heated indirectly 
by a steam tube chest. In  a single pass nliscella reached a 
concentration of approxinlately 95% oil content before 
leaving at the top of the evaporator unit through a vapor- 
entrafimlent separator. The oil concentrate was finally 
passed through a bubble-cap stripping column operated 
under vacuum. As oil flowed downward by gravity, open 
steam fed at the bottom of the column stripped the remain- 
ins hexane free from the oil. 

Marc leaving the extractor entered the top of the D-T 
unit, which was operated at atmospheric pressure and with 
both open and indirect steam. Sparge steam was used in 
three of the trays (Fig. 2). Desolventized and toasted meal 

TABLE IV 

F a t t y - A c i d  C o m p o s i t i o n  of  R e f i n e d - B l e a c h e d  C r a m b e  O i l s  

C a r b o n - d o u b l e  b o n d  r a t i o  B l e n d e d  o i l s  a 

1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 .3  
2 . 0  
0 .3  
0 . 7  

1 5 . 0  
1 0 . 4  

6 . 6  
0 . 7  
3 .0  
0 . 1  
1 .6  

5 5 . 0  
0 .2  
0 .7  
3 .2  

a B l e n d e d ,  r e f i n e d  a n d  b l e a c h e d  i n  c o m m e r e i M  e q u i p m e n t  b y  P a c i f i c  
V e g e t a b l e  O i l  C o r p o r a t i o n ,  l ~ i c h m o n d ,  C a l i f .  1%uric of  ] ) r e p r e s s / s o l v e n t  
o i l s  = 1 . 2 5 : 1 .  

552A a A?*[. O I L  C H E d I I S T S '  SO 0 . ,  OCTOBER 1 9 6 5  ( V O L .  4 2 )  
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R e f i n i n g  D a t a  f o r  P r e p r e s s  a n d  S o l v e n t  C r u d e  O i l s  F l a v o r  E v a l u a t i o n  of  C r a m b e  Oi l s  

D a t a  on  e r a m b e  oi ls  P r e p r e s s  oi l  S o l v e n t  oi l  

F r e e - f a t t y  a c i d  c o n t e n t ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o d i u m  h y d r o x i d e  r e q u i r e d ,  g / 1 0 0  g oi l  . . . . . . .  
E x c e s s  N a O H  u s e d ,  g / 1 0 0  g oi l  . . . . . . . . . . . . . . . . . . . .  
D e g u m m i n g  loss,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Co lo r  i n d e x  

C r u d e  oil ,  G a r d n e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R e f i n e d - b l e a c h e d  oil,  G a r d n e r  . . . . . . . . . . . . . . . . . . .  
R e f i n e d - b l e a c h e d  oil,  A O C S  . . . . . . . . . . . . . . . . . . . . . .  

Y i e l d  of r e f i n e d  oil ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 6 2  
0 . 0 8  
0 .2  
0 . 5  

1 1 . 0  
1 
2 . 4 4  

9 8 . 0  

1 . 8 5  
0 . 2 1  
0 .2  
8 . 7  

1 1 . 5  
3 
4 . 4 6  

9 1 . 8  

was discharged at the bottom and was conveyed into a ro- 
tary, kiln-type meal cooler. The toasted meal was finally 
pneumatically conveyed to bin storage before sacking in 
100-1b burlap bags. 

Control of  Thioglucosides for  Product Quality 

On a moisture-free, fat-free basis, this crambe seed con- 
tained 7.7% thioglucosides or 10.2% on a dehulled basis 
(Table I) .  Enzymatic hydrolysis of these compounds re- 
sults in their conversion to aglycones, which are carried into 
the oil fraction upon solvent extraction of the meal. For  
this reason, processing variables that contribute to the hy- 
drolysis were controlled in order to suppress thioglucoside 
hydrolysis and to obtain a sulfur-free oil; also temperatures 
were minimized to obtain a good protein quality in the feed 
meal. Even a slight sulfur contamination of the oil can re- 
sult in poisoning the hydrogenation catalyst. 

R e s u l t s  a n d  D i s c u s s i o n  
Material  Balance 

The seed processed and the products obtained from it were 
as follows : 

G r o s s  c r a m b e  seed  1 5 , 8 7 4  
IKul ls  (-~ d o c k a g e )  
T o a s t e d  m e a l  2 7 , 2 0 0  
F r e p r e s s  c r u d e  oi l  1 1 , 3 5 0  
S o l v e n t  c r u d e  oil  9 , 0 9 2  
F o o t s  c l e a n u p  I 3 , 2 4 0  

I 

I n  p o u n d s  

7 1 , 6 6 0  I N  

6 6 , 7 5 6  O U T  4 , 9 0 4  ---- 6 . 8 %  loss 

DehuUing for a High-Prote in  Meal  

Seed cleaning removed empty hulls, large stems, large 
foreign seeds, snmll weed seeds and fines. Setting the clear- 
ance between the corrugated rolls at 0.063 resulted in split- 
ting the loose outer pericarp from the whole kernel. Figure 
3 is a photograph of the whole seeds, kernels and partially 
cracked hulls. 

Operation of the gravity table separators went smoothly 
to give a good separation of hulls and meats in a single 
pass. Approximate analyses of the whole seed, kernels and 
hulls are presented in Table II.  Hull content of the clean 
whole seed, estimated by cracking and dehulling this frac- 
tion in a Bates laboratory asperator, ran 30.6%. The low 
oil content in the hull fraction (Table I I )  indicated that a 
good separation was obtained with a minimum contamina- 
tion of fine meats. 

Primary Oil Recovery by Prepressing 

In  preconditioning dehulled meats for the expeller, the 
heat treatment was nfinimized and moisture eliminated. 
Previous laboratory, tests indicated that a wet-cook treat- 
ment gave good expeller operation; however, moisture was 
eliminated in this run to nfininfize enzymatic hydrolysis as 
discussed earlier. Without elevated temperatures in the ex- 
peller, however, poor pressing of the meats resulted. Con- 
sequently, to develop initial heat in the expeller, the feed 
was switched temporarily from dehulled to whole crambe 

T A B L E  Y I  

D r i e d  L e c i t h i n  C o m p o s i t i o n  a 

S o u r c e  of l e c i t h i n  ] A c e t o n e  ] B e n z e n e  ] 
i n  c r a m b e o i l  . i n s o l u b l e  i n s o l u b l e _  

% % 
P r e p r e s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 1 4 . ' /  , . . . . . .  
S o l v e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 5 2 . 9  I 0 . 7 4  

P h o s D h o r u s  

% 
0 . 6 0  
1 . 5 4  

a L e c i t h i n  f r a c t i o n  p r e p a r e d  f r o m  c r u d e  oi l  b y  w a t e r  d e g u m m i n f f ,  
c e n t r i f u g i n g  g m n s  a n d  v a c u u m  d r y i n g  a t  1 4 0 Y  f o r  3 h r .  

F l a v o r  s c o r e  a 

O i l  
I n i t i a l  A f t e r  

4 - d a y  s t o r a g e  b 

P r e p r e s s  c r a m b e  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 7  7 .2  6 .9  6 .3  
S o l v e n t  c r a m b e  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 4  7 .2  6 .5  5 .3  
S o y b e a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .1  8 .1  6 .5  5 .2  

S i g n i f i c a n t  d i f f e r e n c e  . . . . . . . . . . . . . . . . . . . . . . . . . .  x 

a R a n g e  1 - 1 0  u n i t s  w i t h  10  r a t e d  bes t .  
b A t  1 4 0 F  i n  p r e s e n c e  of a i r .  
e D e o d o r i z e d  w i t h  0 . 0 1 %  c i t r i c  a c i d .  

seed. The presence of the hulls gave better expeller opera- 
tions and built up frictional heat in the unit  rapidly. In  
addition, indirect steam was introduced in the lower trays 
of the preeonditioner so that the feed material entered the 
expeller at 125F. These nlodified conditions greatly in> 
proved expeller operation as demonstrated by a clean break 
between the oil and loots leaving the expeller. After ap- 
proximately 1 ton of whole seed passed through the unit, 
the feed was switched back to the original dehulled material. 

Press-cake grab samples obtained near the end of the run 
analyzed 17.2% residual oil. In  normal operations it would 
be desirable to reduce the amount of residual oil to a range 
of 12-15%. A low free-fatty acid (0.6%) in the press oil 
indicated that lipase activity was under good control during 
processing. 

Secondary Oil Recovery  by  Solvent  Extract ion 

The first press cake fed to the extractor was somewhat 
dry (8% I t .0 )  and crumbled readily to give some fines. 
Processing this material resulted in poor percolation rates 
and consequent flooding in the extractor. When the fines 
were agglomerated by a small addition of moisture to the 
press cake, the percolation rate was much improved, and a 
good extractor operation was obtained. 

Grab sample analyses of the toasted meals showed that 
when nearing the end of the run, residual oil value was re- 
duced to 2.8% although the composite average oil content 
of the meal was 4.0% (Table I I ) .  

Characteristics of  Oil Products  

Composition and properties of the crude and refined- 
bleached oils from both pressing and extraction operations 
are shown in Tables I I I  and IV. Refining data are shown 
in Table V and lecithin conlpositions in Table VI. Viscosi- 
ties of the oils are significantly higher than soybean oil. The 
refined-bleached prepress oil is somewhat lighter in color 
than soybean oil. 

Refining of the oils was accomplished without any special 
problems. Refining the solvent oil resulted in considerably 
higher losses (8.2%) than for the prepres8 oil (2.0%). 
These losses can be attributed to higher phosphatide and 
free-fatty acid content, as well as other undetermined fac- 
tors. Good bleachability of the oils was shown by their low 
color values. 

Composition of the dried leeithins indicates again the 
higher phosphatide composition of the solvent oil as demon- 
strated by the acetone insolubles and phosphorus content. 

Good hydrogenation ability of both the prepress and sol- 
vent oils was demonstrated since both oils were reduced to 
iodine values of one or less by hydrogenation with 0.1% 
nickel catalyst for 4 hr at 347F, 100 psig. These iodine 
values indicate that neither oil was contaminated by sulfur 
through hydrolysis of the thioglueosides in the crambe seed. 

Initial organoleptic flavor scores (Table VII )  showed no 
significant difference between the prepress and solvent oils 
(7.7 and 7.4) when compared with each other. At zero time 
when the prepress crambe oil was compared with the soy- 
bean oil control, a significant difference (8.1 vs 7.2) was 
shown in favor of the soybean oil. When the solvent crambe 
and soybean oil were compared at zero time, a larger test 
error was obtained (0.33), but no significant difference be- 
tween the oils was found. After 4 days' storage a~ 140F 
there were no significant differences between either of the 
crambe oils and the soybean oil control. Oxidation indices 
of the oils are shown in Table VII I .  The peroxide values 

(Continued on page 594A) 
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T A B L E  ¥ I I I  

Oxidat ion  Indices  

] Peroxide I AO/~ s tabi l i ty  Hydroxyl  va lue  
P roduc t  f rom erambe oils [ va lue  P V  af ter  
. . . .  [ _ _ 1  8 h r a t l 0 O  C ~ o ~ ] -  

Prepress  ] 
Refined. bleached ................... I 1.9 I 1.87 
Refined, bleached, deodorized [ 0.33 2 29 

Solvent  I [ ' 
Refined, bleached ................. [ 1.0 [ 3.08 
Refined, bleached, deodorized I 0.10 / 3.83 

deternained after 8 hr under AOM conditions indicate a 
stable oil, and this property was confirmed by the taste 
panel. 

There seems to be little difference in mouth feel between 
crambe and soybean oil especially if wanned for flavor 
evaluation. Many tasters remarked that they thought the 
erambe oil was soybean oil. 

A refined, bleached deodorized crambe oil was prepared 
in the laboratory subsequent to the commercial run under 
conditions where none of the processing operations were 
interrupted to provide intermediate oil or meal storage. 
With this oil, the excellent organoleptic flavor scores (8.3- 
8.8) obtained were equal to soybean oil, both at zero tiule 
and at 4 days' storage at 140F. On the basis of this study, 
it appears that a straight (uninterrupted) commercial run 
should produce a high-quality erambe oil. 

Sulfur and Thioglucoside Content of  Crambe ~'ractions 

Table I gives the sulfur contents and total thioglucoside 
content of the original seed, dehulled nleats, hulls, press cake 
and toasted meal fractions. Thiooxazolidone [(R)-goitrin] 
(2) and volatile isothiocyanates after enzymatic hydrolysis 
of thioglucosides are given in the last two columns of fig- 
ures. The higher values for dehulled meats over the original 
seed reflect the concentration effect due to hull removal. A 
thioglueoside content of 2.7% for the hull fraction was 
higher than found in previous laboratory hull samples. Es- 
sentially all the thiogiucosides remain unchanged in the 
press cake as indicated by the thiooxazolidone values (2.13 
vs 2.18). However, a small decrease in thiooxazolidone pre- 
cursor was obtained in processing from press cake to the 
desolventizing-toasting step (2.18 vs 1.78). Total sulfur 
content in toasted meal remained the same as in dehulled 
meats (2.0 vs 2.0). 

These data show that in the entire process only a small 
amount of thioglucosides were converted. Based on thio- 
glucoside contents of dehulled meats and toasted meal, this 
conversion calculates to approximately 10% or by (l~)- 
goitrin analysis, to approximately 16%. Since no free (R)- 
goitrin was found in the toasted meal it is conceivable that 
the portion of thioglucoside hydrolyzed was not progoitrin. 

Meal Characteristics 

The medium brown meal had a good toasted aroma. Good 
lysine and balance of other essential amino acids were ob- 

FlO. 3. Whole crambe seeds, kernels and partially cracked 
hulls. The pencil indicates comparative size. 

T A B L E  IX 

Amino  Acid Composit ion of Toasted Crambe Meal 

Amino acid 

Lys ine  ........................... 
Methionine  .................... 
Isoleucine ..................... 
Leuc ine  ........................ 
Pheny la l an ine  ........... 
Tyrosine ........................ 
Threonine  ..................... 
Val ine ........................ 
H i s t i d ine  

G / 1 6  g 
n i t rogen  

5.3 
1.6 
3.7 
6.1 
3.7 
2.7 
4.1 
4.7 
2.3 

Amino acid 

Arg in ine  ......................... 
Glycine ........................... 
A lan ine  ........... ................ 
Aspar t ie  acid .................. 
G lu tamic  acid ................. 
Hydroxypro l ine  ............. 
P ro l ine  .......................... 
Ser ine ............................. 

G / 1 6  g 
n i t rogen  

6.4 
4.9 
4.1 
6.3 

15.5 
0.4 
6.1 
3.6 

% Ni t rogen as amino  acids 
% Ni t rogen as ammonia  
% Crude pro te in  (Kje ldah l  

N X 6.25) a i r -dry meal 
% Res idua l  oil, as-is basis  

72.1 
13.5 

41.3 
4.0 

rained in the assay of the meal (Table IX) .  These analyses 
are within experimental error of the average values pre- 
viously reported from five other accessions of crambe seed 
meal analyzed at the Northern Laboratory. Sieve analysis 
of the meal is given in the Experimental Section. The large 
fractions from 3-6 mesh consisted of balls or lumps formed 
during the toasting operation. Normally in commercial 
operations such agglomerates would be screened out, re- 
ground and recolnbined with the remaining fractions. Prox- 
imate analyses of the meal are given in Table II .  In  com- 
mercial operations residual oil content should be reduced 
to under 1%, and this reduction would raise the protein of 
the meal to over 40%. Nitrogen solubility index of the meal 
was not greatly reduced in value during processing. De- 
hulled meats analyzed 52.2 NSI ;  after processing the meal 
analyzed 42.5 NSI, and after solvent extraction, desolventiz- 
ing and toasting the meal was reduced to 32.5 NSI. The 
relative small decrease in NSI for a toasted meal indicates 
that the heat treatment was not excessive and probably did 
little to no damage to the heat-labile amino acids. Previous 
chemical characterizations of crambe meals have been re- 
ported (11). 

C o n c l u s i o n s  

Based on the results of this first commercial run, suitable 
conditions have been developed to extract oil from crambe 
seed by a prepress-solvent process. Based on chemical, 
physical and organoleptic analyses of the crambe oil the 
quality was good. Amino-acid composition of the crambe 
meal indicates that it should have potential as a protein sup- 
plement in aninlal feeds, but actual animal feeding tests will 
be required to assess its practical feeding value. Meals pre- 
pared in this run are being evaluated now by runlinant feed- 
ing. Further  studies at the Northern Laboratory are aimed 
at developing crambe meals suitable for use as a protein sup- 
plement for both ruminants and nonruminants (3,4). 
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