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The sample means ranged from 5.1-5.8, but day-to-day 
variation was not significant. Sandard deviations 
were homogeneous and of ca. the same order as in 
the past. The pooled standard deviation for the 10 
days was 0.79. 

This light test may be compared with other stability 
tests by examining the relative s tandard deviations or 
coefficients of variation (Table V).  Both organoleptie 
evaluation and peroxide values vary  less than methods 
now used. When compared with AOM values, the 
variation of the organoleptie test is only slightly more 
than the AOM method for testing stability. This de- 
gree of precision, plus the shorter time required for 
the test, appears favorable to most testing programs. 

In France,  peanut  oil is being marketed in disposa- 
ble, t ranslucent  plastie bottles (1). The light test was 
used to compare the effect of container on the sta- 
bility of soybean oil. The l-l i ter t ranslucent  plastic 
bottle f rom France,  a 1-qt clear glass bottle and a 
1-qt brown glass bottle were filled with soybean oil 
and exposed to light for  2 hr. The results are shown 
in Table VI. The oil stored in the brown glass bottle 
was scored only slightly lower than the control sam- 
ple, which came from a 5-gal tin, whereas the oils 
stored in both the clear and the plastic bottles were 
scored significantly lower than either the control or 
the oil stored in brown glass. 
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Mustard Seed Processing" Improved Methods for Isolating 
the Pungent Factor and Controlling Protein Quality I 
G. C. MUSTAKAS, L. D. KIRK, V. E. SOHNS and E. L. GRIFFIN, JR., 
Northern Regional Research Laboratory, 2 Peoria, Illinois 

Abstract 

A modified cooking and extraction process for  
mustard seed is reported in which the pungent  
factor, allyl isothiocyanate, is separated from the 
seed to yield triglyceride oil and protein meal. 
Although removal of the pungent  factor f rom 
the oil and meal products was previously re- 
ported, investigations were continued to develop 
critical improvements in tile process. A reduction 
in conversion time, eonlbined with steam str ipping 
and shorter heating preiods, resulted in quantita- 
tive recovery of the essential oil and in improved 
protein quality, as measured by the basic anfino 
acids. Biological testing with rats showed the 
processed meals to be free of toxic and goitrogenic 
factors and to be well utilized nutri t ionally.  Pre- 
l iminary estimates indicate that  process costs are 
nearly the same as for a comparable soybean 
plant. 

Introduct ion 

M ODIFIED COMMERCIAL OILSEED techniques, such as 
those used in processing soybeans and cottonseed, 

have been applied successfully to mustard seed at this 
Laboratory.  In previous studies (7,8) the basic method 
was developed. The integrated enzymatic and lipid 
extraction process leads to three produets- - t r ig lyc-  

1 Presented at AOCS M[eeting in Toronto, 1962. 
2 No, Utiliz. Res. & Dev. Div., ARS, USDA. 

eride oil, a palatable protein meal and tile pungent  
factor, allyl isothiocyanate. This paper presents new 
studies which obtained significantly improved separa- 
tion of the pungent  factor  to give near theoretical re- 
covery, along with process modifications which im- 
proved oil meal quality. 

Materials, Methods, and Equipment  
In these studies, oriental mustard seed, Brassica 

juncea, was obtained from two lots of seed grown in 
Montana and received dur ing 1960 and 1961, respec- 
tively. The seed lots averaged 7% moisture, 38.3% 
oil, 22.5% protein and approx 10% hull content. 
Glucoside content, expressed as converted allyI iso- 
thioeyanate, averaged 0.7% moisture-free basis. Com- 
mercial grade n-hexane was used as solvent in the fil- 
tration-extraction. 

Allyl isothioeyanate was determined by Wet te r ' s  
procedure (10). Pu r i t y  of the essential oil was deter- 
mined by a modification of procedure in which an ali- 
quot of the oil ill ethanol was added direct ly to the 
ammoniaeal silver n i t ra te  solution. Pu r i t y  of the allyI 
isothiocyanate was also analyzed by GLC on a Beck- 
man GC-2A (6,10) packed with Apiezon-L on Celite 
(40-60 mesh) with a nitrogen flow of 60 ml /min  at a 
temp of 115C. Crude fa t  was determined by extract- 
ing with pentane-hexane in a Biit t  extractor  for  six 
hr  and drying  overnight in a vacuum oven at 80C. 
Amino acid analyses were obtained by hydrolyzing 
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the meal protein wi th hydrochloric acid followed by 
analysis on a Spinco MS amino acid analyzer (9).  

Mustard seed was cracked on 6tin. d iam corrugated 
rolls (10 corrugat ions/ inch)  and flaked in 12-in. di- 
ameter  smooth rolls. 

Moistening, convert ing and cooking steps were con- 
ducted in a 5-gal steam-jacketed stainless-steel vessel 
(Fig.  1). This uni t  was designed to give thorough 
mixing of the mus ta rd  seed flakes and water  with 
control of temp. The assembly includes an insulated 
electrically heated cover, an intermeshing rod agi ta tor  
with rod baffles, a spray  nozzle, a s team sparge coil 
and a thermoeouple well. For  steam distillation of the 
essential oil, the top vapor  opening was connected to 
a condenser, receiver and solid carbon dioxide t rap.  

Appara tus  similar to that  previously described (5) 
was used for  evaluat ing the characteristics of mus ta rd  
seed for fil tration-extraction. The cooker also served 
as a s lurrying unit. The design of the extraction-filter 
uni t  is shown in F igure  2. This uni t  consisted of a 
16-in. diam funnel  mounted over a 10-gal stainless-steel 
receiver t ank  with a connecting 3-way valve to permi t  
both blowbaek and vacuum conditions. A vacuum 
p u m p  with aL control valve provided 4-6 in. H g  on the 
receiver tank. 

Procedure  
A flowsheet of the process is shown in F igure  3. 

The clean seed was tempered to approx  8% moisture 
and milled to flakes of ca. 0.005 in. thickness. Mill- 
ing consisted of either cracking through corrugated 
rolls followed by flaking through smooth rolls, or by  
flaking the whole seed through smooth rolls directly. 
The ful l - fat  flakes were charged to the converter-  
cooker apparatus ,  adjusted to 30% moisture by use of 
the sp ray  nozzle, and agi tated for  approx  5 min. While 
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mixing was continued, the flakes were heated to 130F 
and held 15 rain to car ry  out the enzymatic conversion 
of sinigrin. This step was followed by  direct steam 
s t r ipping  of the meal through the bottom sparge coil 
for  30 rain. Simultaneously,  indirect steam at 25 psig 
was added to the cooker jacket. The direct steam raised 
the meal temp rapid ly  to ca. 215F and simultaneously 
s t r ipped out the essential oil. Indi rec t  steam to the 
vessel wall helped prevent  excessive condensation. 
Af te r  30 rain, sparge steam flow was shut off and the 
meal was dried to ca. 17% moisture with jacket steam. 
In  some cases, a slight vacuum was used to facilitate 
the removal  of moisture. The hot meal was discharged 
by rubbing  over a 5-mesh screen to break up moisture 
balls, followed by air  cooling to obtain crispitlg. Crisp- 
ing and cooling to room temp resulted in coagulating 
the mass to larger  g r i t ty  and granular  particles, which 
were then rerolled through smooth rolls before solvent 
extraction. Fi l t ra t ion-extract ion was carried out gen- 
erally according to the bench procedure of A. V. Graci 
et al. (5) using a 60-rain slurry,  solvent ratio of 1.3, 
three washes, 1.75-in. cake thickness, and extraction 
temp of 140F. S lur ry  miscella contained 10% oil 
in hexane, and washes contained 5, ] and 0% oil in 
hexane. Meals p repared  for  the feeding studies were 
extracted by the double-soak process described by 
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TABLE I 
Essential Oil Recovery from 3~ustard Seed by Different 

Recovery Procedures 

M U S T A K A S  ET AL. : ~/~USTARD S E E D  P R O C E S S I N G  

Process Residual essential oil Percentage 
in crisped meal recovery in 
g /100  g meal condensate" 

_ _  ( m f b )  

Simple distillation ......................................... I 0.062 71.7 
Simple distillation plus additional I 

water  and redistillation ............................ I 0.011 85.0 
Superheated steam str ipping 30 rain ............ 0.066 87.4 
Atmospheric steam str ipping 30 min ............ 0.007 99.2 

Based on g rams  of essential oil recovered/100 g of essential oil 
in the original seed. 

E. L. D'Aquin et al. (3), using pure hexane rather 
than miseella for the slurry liquids and washes. 

Recovery of essential oil from the converted meal 
was studied by various separation techniques, which 
were, in order of study: 1) simple distillation of the 
volatiles from the meal, 2) simple distillation followed 
by redilution with water and subsequent redistilla- 
tion, 3) meal indirectly heated and simultaneously 
sparged with open superheated steam for 30 rain, 
and 4) meal indirectly heated and simultaneously 
sparged with open atomspheric steam for 30 min. 

Results 
Separation of the Pungent Factor. Previous obser- 

vations indicated that when ground mustard seed was 
moistened and allowed to stand at room temp, the 
allyl isothiocyanate produced by hydrolysis, could 
not be detected by chemical analysis. Figure 4 shows 
the results of an experiment where the allyl isothio- 
cyanate content of both sealed and open samples de- 
clined rapidly during the first hour and thereafter 
more rapidly in a sealed flask than in an open tray. 
This reduction suggested that the losses in essential 
oil were not due to vaporization but that a reaction 
occurred which decomposed or chemically bound the 
al]yl isothiocyanate as it was liberated from the thio- 
glucoside. The disappearance of isothiocyanate was 
not as great for the open sample which lost moisture 
by evaporation; thus, the myrosinase enzyme was 
probably less reactive in the drier state to free iso- 
thiocyanate from the thioglucoside and make it avail- 
able for reaction. Under temp conditions of 55C used 
in the process, the hydrolysis goes rapidly and directly 
to the product allyl isothiocyanate, whereas under con- 
ditions of room temp hydrolysis, the enzymatic con- 
version products might be considerably different. This 
could explain the lower yields of allyl isothiocyanate 
at room temp. Fur ther  experimental work would be 
desirable on the nature of the reaction or reactions 
occurring to explain these observations. 

On the basis of these findings, the hydrolysis time 
was reduced to 15 rain. This length of time proved 
sufficient for complete conversion, yet did not allow 
the essentiM oil to decompose or react. 

Comparison of essential oil recovery by the proce- 
dures used is shown in Table I. The degree of essential 
oil removal is indicated also by the amount remaining 

i n  the crisped meaI. Since the methods of analysis em- 
ploys a conversion period the isothiocyanate detected 
in the crisped meal may be bound as thioghcoside. 
Simple distillation recovered 71.7% of the essential 
oil, but atmospheric steam stripping increased re- 
covery to 99.2%. An excellent material balance was 
obtained in the atmospheric steam-stripping process 
where the quantity of essential oil in the condensate 
and crisped meal was essentially equal to that in the 
original feed meal. This equality suggests that the 
losses incurred in the other processes may be largely 
due to reaction of essential oil with the meal. A short 
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conversion period followed by steam stripping for 
approx 30 rain, therefore, gives the highest recovery 
of allyl isothiocyanate. 

Temp and moisture profiles of the modified hydroly- 
sis and cooking process are shown in Figure 5. 

The simplest method for recovery of essential oil 
from cook condensates is that of gravity settling. The 
rate of settlin G however, is slow due to surface tension 
effects and the proximity in densities of the two 
liquids. Centrifugation was, therefore, examined as 
a more rapid and efficient means of separation. The 
efficiency of this operation is limited theoretically 
by the solubility of ally] isothiocyanate in water (0.124 
g/100 g of water at 20C). Approx 99% of the es- 
sential oil in the feed flakes was recovered in the steam 
distillate and the remaining 1% was retained in the 
crisped meal either as free allyl isothiocyanate or as 
unconverted thioglucoside. Approx 80% of the essen- 
tim oil was recovered in the centrifuged oil layer. 

Recovered crude, essential oil contained approx 90% 
allyl isothiocyanate and 10% of an impurity previ- 

TABLE II 

E f f e c t  of ~teat Trea tment  Upon the Basic Amino Acid Content 
of 2¢iustard Meals 

Process conditions ~eed 
npo 
tion 

Steam str ipping time, rain .............. 
Moisture reduction time, rain ........ 
Temperature  of meal 

leaving cooker, °F ...................... 
Moisture of meal leaving 

cooker, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spent meal s teaming period, 
mln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Basic amino acids, g / 1 6  g N a 
Lysine ...................................... 5~5 

l r g i n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7 
Histidine ...................................... 2.6 

Test 

80 
38 38 63 

21 221 225 

17.5 17.5 13.4 

0 30 0 

5.2 3.1 4.3 
7.0 5.6 6.3 
2.6 2.4 2,2 

a Other amino acids in mus ta rd  meal protein were not affected by heat 
t reatments  and, therefore, are not shown here. 
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T A B L E  I I I  

Aea ly s i s  of M u s t a r d  Mea l  a 

Crude  fat ,  % mfb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.8 
P ro te in ,  % mfb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 ,5  
Allyl i so th iocyana te ,  c7~ mfb .. . . . . . . . . . . . . . . .  0 . 0 0 7  
B a s i c  amino  acids,  g / 1 6  g N ... . . . . . . . . . . . . . .  

Lys ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.3 
A r g i n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .0  
t t i s t i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .8  

a p r e p a r e d  by 15-ra in  convers ion  at  130F ,  3 0 %  m o i s t u r e ;  20 -mln  
s team s t r i p p i n g  per iod  a n d  30-ra in  moi s tu re  r e d u c t i o n  preiod,  main-  
r a i n i n g  2dn .  w a t e r  vacuu ln .  The  c r i sped  mea l  was  ex t r ac t ed  wi th  hexane  
a t  1 4 0 F  a n d  a i r  dr ied ,  

ously unidentified (6).  The unknown impur i ty  had 
an emergence time equivalent to allyl thiocyanate 
by gas-liquid chromatography.  Since the thiocyanate 
isomerizes to isothiocyanate dur ing atmospheric distil- 
lation, possibly isothiocyanate in the essential oil can 
be increased. 

Lipid Extraction. Mustard  seed was readily adapted  
to the fi l trat ion-extraetiou teehn.ique for lipid removal. 
Af te r  the flakes, processed by  prepara t ive  cooking, 
were air cooled, they gave a crisp, g ranu la r  mater ial  
that  extracted readi ly  at good fil tration th roughput  
rate (2,000 l b / h r / s q  i t ) .  Since extract ion conditions 
were established previously (7), the same conditions 
were used, and no a t tempt  was made to car ry  out ad- 
ditional extraction studies. 

Protein Quality. Lysine, arginine and histidine 
contents of mustard  meal protein varied appreciably,  
depending upon the degree of heat t rea tment  re- 
ceived dur ing  processing. Destruction of these amino 
acids dur ing  processing was acted when the meals were 
dried excessively dur ing  cooking or when the defat ted 
and desolventized meals were steam-treated.  Experi-  
mental data  that  demonstrate  these results are com- 
pared  in Table I I ,  along with lysine, arginine and 
histidine contents of au unprocessed meal. Typical  
results obtained when heating conditions in the cook 
step were minimized are shown in Test 1. The results 
of addit ional  s teaming of the spent or extracted meal 
for  30 rain on a Biichner funnel  are shown in Test 2. 
This technique resulted in a definite " b r o w n i n g "  of 
the meal and a very  significant decrease in both lysine 
and arginine. Final ly,  in Test 3, cooking the meal for 
slightly over an hour resulted in a significant amt  of 
amino acid destruction, par t icu lar ly  lysine. 

Evident ly  prolonged heat ing and dry ing  to low 
moisture levels, with high temp, should be avoided. 
Recommended temp are 220F or below; also, t ime 
intervals for  hydrolysis,  heat up, steam, s t r ipping and 
moisture reduction periods should be held to a mini- 
n l u I n .  

Toxicological and Nutritional Evaluation of Mus- 
tard Meal. Rat  bioassays on the meals were carried 
out in cooperation with the Pharmacology Labora tory  
of the Western Regional Research Laboratory,  Al- 
bany,  Calif., to evaluate the suitabil i ty of mustard  
meal as a feedstuff. A nutr i t ional ly  adequate basal 

T A B L E  I V  

E s t i m a t e d  F ixed  Capi ta l  I n v e s t m e n t  for  a P l a n t  P r o c e s s i n g  100  Tons  
M u s t a r d  Seed Da i ly  ( O p e r a t i n g  330  D a y s / Y e a r ,  24  H r / D a y )  

9 5 3 9 , 0 0 9  
1 6 4 , 0 0 0  

1 0 0 , 0 0 0  

4 8 , 0 0 0  
30 ;000  

2 2 7 , 0 0 0  

4 0 , 0 0 0  
4 0 , 0 0 0  
12 ,000  

2 4 0 , 0 0 0  
1 2 0 , 0 0 0  

$ 1 , 5 6 0 , 0 0 0  a 

I n s t a l l e d  cost of p rocess ing  equ ipmen t  . . . . . . . . . . . . . . . . . .  

Piping ' ,  w i r i n g ,  i n s t r u m e n t s ,  etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i r e  p ro tec t ion  and  misce l l aneous  

se rv ice  fac i l i t i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a c h i n e  shop, storeroonl,  and  locker  

room fac i l i t i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Office and  l abo ra to ry  fac i l i t ies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G r a i n  s to rage  un i t s  for  i ncoming  seed ... . . . . . . . . . . . . . . . .  
B u i l d i n g  for  f lake p r e p a r a t i o n s  and  meal  

p rocess ing  equ ipmen t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B u i l d i n g  for  solvent  ex t r ac t i on  equ ipmen t  ............ 
L a n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E n g i n e k r i n g  and  c o n t r a c t i n g  fees . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cont ingenc ies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E s t i m a t e d  fixed cap i ta l  i n v e s t m e n t  ........... 

a Cost of s team g e n e r a t i n g  p l a n t  no t  i n e l ~ e d .  
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T A B L E  V 
P r o c e s s i n g  Costs for  l O 0 - T o n / D a y  )¢Iustard Seed P l a n t  

( O p e r a t i n g  330  D a y s / Y e a r ,  24 H r / D a y )  

I t e m  D o l l a r s / t o n  
of seed 

I-Iexane, 9 0 . 1 6 / g a l ,  10 11) ( 1 . 8 5  g a d  lo s s / ton  of see4 .......... 
Ut i l i t i es  : 

Steam,  1 4 0 0  l h / t on ,  $ 0 . 8 0 / M  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W a t e r ,  1500  g a l / t o n ,  9 0 . 1 0 / M  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E l e c t r i c i t y  25  k w h / t o n ,  9 0 . 0 1 5 / k w h  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M a i n t e n a n c e  : 
E q u i p m e n t ,  3 % / y r  on $ 1 , 0 6 3 , 0 0 0  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B l d g  a n d  g r a i n  s torage,  2 % / y r  on $ 4 9 7 , 0 0 0  .. . . . . . . . . . . . . . . . . . .  

F ixed  cha rges  : 
Dep rec i a t i on ,  equ ipmen t  5 % / y r  on 9 1 , 0 6 3 , 0 0 0  ... . . . . . . . . . . . .  
B ldg  a n d  g r a i n  s torage,  3 % / y r  on 9 4 9 7 , 0 0 0  .. . . . . . . . . . . . . . . . . . .  

Taxes  a n d  i n s u r a n c e ,  3 %/yr  on $ 1 , 5 6 0 , 0 0 0  . . . . . . . . . . . . . . . . . . . . .  

L a b e t  : 
10 Opera to r s ,  $ 2 . 4 0 / h r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 He lpe r ,  9 2 . 1 0 / h r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 L a b o r a t o r y  t echn ic ian ,  $ 2 0 / d a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 ]g~oremen, $ 2 4 / 4 a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i Plan?~ s u p e r i n t e n d e n t ,  $ 3 0 / d a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O v e r h e a d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Misce l laneous  f ac to ry  suppl ies  and  expenses .. . . . . . . . . . . . . . . . . . . . . . .  
Cha rge  on w o r k i n g  capi tal ,  5 % / y r  on 9 6 0 0 , 0 0 0  .. . . . . . . . . . . . . . . . .  
Gene ra l  p l a n t  ove rhead  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P r o c e s s i n g  cost, to ta l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 .30  

1 .12 
0 .15  
0 .38  

1 .65 

0 .97  
0 .30  

1 .27  

1,61 a 
0 .45  

2 .06  
1 .42 

3 .48  

1 .92 
0 .17  
0 .20  
0 .72  
0 .30  
0 .50  

3 .81 
0 ,19  
0 ,90 
2 ,03 

13 .63  

a I f  e s t ima te  is  based on ] 0 yr  deprec ia t ion ,  e s t ima ted  p rocess ing  cost 
would  be $ 1 5 . 2 4 / t o n .  

diet was used, the major  constituents of which were 
ecru meal, linseed meal and crude casein (1). A 
processed meal (analyses in Table I H )  was fed to 
rats  at  20 and 30% levels substi tuted at  the expense  
of the entire basal diet (i.e. 20 g mustard  meal + 80 g 
basal diet) .  Good growth and util ization resulted 
when the 20% :level of mus ta rd  meal was fed, which 
was equal to that  obtained when soybean meal was 
fed at a 30% level. Food intake for the experimental  
and the basal diets was approx  the same. When the 
mustard  meal level was increased to 30%, growth was 
significantly inhibited. Histopathologieal  examination 
of thyroid  tissues failed to reveal any abnormal ef- 
fects for any  of the mus ta rd  meals tested regardless of 
the level used. 

In  a second study, the mus ta rd  meal was fed as a 
50% blend with soybean meal, which was the sole 
source of protein in the diet. A 20-20% mustard-soy- 
bean meal blend was compared to a 40% soybean meal 
control and the blended protein showed growth re- 
spenses essentially equal to the soybean meal diet. 
Similar results were repor ted earlier by Goering e ta l .  
(4), with mustard  meals prepared  by a different proc- 
ess. On the basis of these prel iminal 'y  ra t  feeding tests 
of 90 days  duration or less, it appears  that  mustard 
meal as a supplementa ry  source of protein will be 
satisfactory.  

The effects of allyl isothiocyanate on the growth rate 
of rats  fed at  levels of 0.01-0.4% were also investi- 
gated. Significant growth inhibition was not shown 
unti l  the level reached 0.2%. However,  when the 
essential oil was added in combination with 20% mus- 
ta rd  meal in the diet, significant growth inhibition was 
encountered with only 0.05% allyl isothiocyanate. 
These results suggest the desirabili ty of reducing the 
allyl isothiocyanate content of the mus ta rd  meal to 
approx  0.01% 

Proposed Commercial Process and Cost Estimates. 
Figure  6 is a flowsheet for  a proposed commercial 
process, wherein mustard  seed is processed with tech- 
niques similar to those used for soybeans and cotton- 
seed. The process should lead eeouonfieally to three 
products--- tr iglyceride oil, a palatable p ro te in  meal 
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FIG. 6. Proposed commercial process 

and the byproduct  essential oil allyl isothiocyanate--  
all of which have potential edible or industrial  uses. 

A prel iminary cost estimate has been prepared for 
a hypothetical  plant processing 100 tons of mustard 
seed daily. Operations in such a plant would follow 
the procedure in the flowsheet (Fig. 6) and are as- 
sumed to be conducted a30 day/year ,  24 h r /day .  Daily 
production for the plant would be approx 75,200 lb 
crude oil, 117,200 lb oilseed bulk meal and 1,150 lb 
allyl isothiocyanate (90% pur i ty ) .  The fixed capital 
investment (Table IV) for such a plant is estimated 
at $1,560,000. In addition to the cost of processing 
equipment and related items, this estimate includes 
the cost of units sufficient for  storing seed for an 
80-day operation, as well as the cost of office, labora- 
tory, shop, fire protection, and similar auxil iary facil- 
ities. The cost of a steam generating plant  is not 
included in the fixed capital investment however, a 
charge of 80¢/1,000 lb steam is included in calculating 
processing costs. Informat ion reported by Brewster 
(2) on plant  investments and processing costs for 
soybean processing plants, which involve operations 
similar to those proposed for a mustard seed plant, 
was adjusted to current  values and served as a guide 
in the preparat ion of this cost estimate. 

Processing costs for a mustard seed plant (Table V) 
are estimated at ca. $13.63/ton, not including the cost 
on the mustard  seed, sales costs and administrative ex- 
penses. Based on pilot-plant tests, the loss of hexane 
m the process should not exceed 10 lb/ ton of seed, and 
a charge for the loss of hexane is included in the 
processing costs. Such a loss is experienced in other 
oilseed extraction processes. 

An estimated processing cost of $13.63/ton o f  
mustard seed is considerably higher than the cost 
generally reported when soybeans are processed. In 
the estimate for  the mustard seed plant, calculations 
were based on a completely new installation with all 
necessary auxil iary facilities, except steam. In an all- 

Meal Desolventizing 
Hexane for 

Reuse 

.I 

I Heat ExchangerJ~4 ....... 

. II ( ~ '  

. . . .  

Cyclone V 

Hot Desolventized Meal 

Blower Cyc 

feed Meal 
for mustard seed. 

new installation, the cost to the process for  fixed 
charges na tura l ly  is greater than the cost of these 
items in many soybean plants of similar capacity that  
have been established for some years and that  have 
been depreciated considerably already, or may be 
totally depreciated. Depreciation of the nmstard seed 
plant was calculated at 5 % / y e a r  for equipment and 
3 % / y e a r  for buildings, storage and auxil iary facilities. 
These percentages are comparable to those reported 
by Brewster (2).  In  addition, because most soybean 
processing plants have an operat ing capacity well 
above 100 tons/day,  reduction in costs occur in 
such installations through economies which usually 
accompany operations in plants of large capacity, By 
extrapolation of the data, processing cost in a 1,000- 
t on /day  mustard seed plant  is roughly estimated to 
be of the order of $7.00/ton, or near ly  as low as the 
cost of processing soybeans in a plant  of eomparble 
size. 
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