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I N conventional methods of processing cottonseed for  
oil and meal, cooking to some degree is essential for  
the efficient removal of the oil. Wha t  takes place in 

the meats during cooking has a direct influence on the 
quali ty of the final cottonseed products.  The color and 
refining loss of the oil and the content of free gossypol 
(10) and the protein value of the meal are affected by  
the conditions of cooking. 

Chemical studies have indicated that  free gossypol 
is the mater ial  in cottonseed meal which limits the 
amount that  may be used in diets of swine and poul- 
try.  In  order to broaden the utilization of cottonseed 
meal ill livestock feeding it is necessary to reduce the 
content of free gossypol in the meal to a level where it 
will not interfere with the growth of these animals. 
Present  indications are that  when the free gossypol 
content is reduced to values close to .03%, this may be 
sufficient to allow the meal to be used in unrestr ic ted 
quantit ies in diets for  ncnruminants .  

Cooking at high tempera ture  for  a long time reduces 
the free gossypol in the meal to values close to .03%. 
The disadvantage of accomplishing the reduction in 
this manner  is that  excessive heat alters the chemical 
qual i ty of the protein (7) and would probably  lower 
the nutr i t ive value of the meal (5). Therefore the de- 
velopment of a method of processing cottonseed which 
would result in a low enough free gossypol content 
without requir ing severe cooking conditions would 
have some advantages. 

The approach reported in this paper  was to consider 
the variables of cooking which influence the reduction 
of gossypol and to determine whether the changes 
could be" brought  about  by  operations other than cook- 
ing, at least to an extent to permit  milder  tempera-  
ta res  during cooking. 

I t  is known that  cooking under  the proper  condi- 
tions rup tures  the walls of glands in which the 
pigments  of cottonseed are contained; and that  the 
pigments  l iberated f rom the glands combine with the 
protein or other constituents of the meats. " F r e e  
gossypol"  (readily extractable gossypol) thus becomes 
converted to bound gossypol (1, 8, 11). One approach 
to the problem would be to use means of rup tu r ing  
the pigment  glands other than  in the cooking step so 
that  milder  tempera tures  could be used in cooking. 

In  work on the eontrol of eooking variables in 
mechanical methods of processing cottonseed (4, 6), 
meals were produced whose content of free gossypol 
was very low (0.01-0.04%). Moreover only moderate  
chemical al terat ion occurred in the protein. Physical  
and chemical analyses of the cooked meats as com- 
pared to those of the pressed meals (6) indicated tha t  

1 P r e s e n t  addres s :  Si lver  Spr ing ,  2r 
2 One  of the  l abora to r ies  of the B u r e a u  of Agr i cu l t u r a l  and  I n d u s t r i a l  

Chemis t ry ,  A g r i c u l t u r a l  Resea rch  Admin i s t r a t i on ,  U.  S. D e p a r t m e n t  of 
Agr icu l tu re .  
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the larger  par t  of the reduction in free gossypol" had 
taken place in the screw press. Labora to ry  experi- 
ments showed that  the hydraulic  press was ineffective 
in rup tu r ing  the glands (4). This fact  suggested that  
the shearing action in the screw press was largely re- 
sponsible for the gland breakag e . I t  was desired there- 
fore to devise means for breaking glands in meats for  
hydraul ic  pressing and solvent extraction which would 
have the same effect of gland breakage as the shearing 
action of the screw press and permit  the reduction of 
gossypol to take place under  m i l d  conditions of 
cooking. 

In  the present investigation a method of roiling cot- 
tonseed flakes which results in breakage in the flaked 
meats of more than 50% of the glands was devised. I t  
is believed that  in only a few hydraulic  mills is this 
degree of gland breakage: approached and tha t  con- 
ventional flaking ordinar i ly  breaks only a small per- 
centage of glands (3).  I t  was expected that  the pre- 
breakage of glands would permit  milder  cooking to 
rup tu re  the remaining glands and to reduce free gos- 
sypol by  binding with other constituents. 

In  a second par t  of this work data were obtained on 
the physical and chemical propert ies  of the meals pro- 
duced by  hydraulic  pressing f rom meats prepared  
with and without the pre-breakage of the large amount  
of glands. Hydraul ic-pressed meals produced f rom 
meats of identical moisture content under  identical 
conditions of cooking and pressing distinctly differed 
in contents of free gossypol without any significant 
effect on other physical and chemical proper t ies ,  acs 
cording to whether they had been produced f rom 
flakes which had or had not been specially rolled to  
break glands. 

Experimental 
Materials and Preparation. Delinted cottonseed 

(Thorndale,  Tex., 1950 crop),  which had been stored 
for  six months, was hulled with a bar  huller. The 
whole meats and fines were combined and adjusted 
with hulls so tha t  the resul tant  mixture  yielded 41% 
protein in the press cake. The meats were freshly pre- 
pared  before each expe r imen t  ~and had an original 
moisture content of approx imate ly  6.6%. 

To prepare  meats for  the rolling experiments,  they 
were preflaked on smooth rolls set at  0.010-in. clear- 
ance to create a larger  area for moistening, and were 
then divided into four  lots and moistened with water  
to four  levels, respectively, 7.4, 10.8, 14.0, and 19.8%. 

The desired moisture level was at tained by  control- 
ling the amount  of water  added by use of a cal ibrated 
spray  f rom a MonarCh 3 No. 6.00 nozzle, which delivers 
3.68 g.p.h, at a line pressure of 50 p.s.i.g. Dur ing  
moistening the meats were agitated by  use of a ro ta ry  

3 The men t ion  of t r a d e  p roduc t s  does not  imply that  they arc  endorsed  
by the D e p a r t m e n t  of A g r i c u l t u r e  over  s imi l a r  p roduc t s  not  ment ioned.  
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I~rG. 1. Var i a t ions  in mois tu re  con ten t s  and  t empera tu re s  o f  
flakes du r ing  cooking for  Runs  1 and  2. J acke t  p ressures  8 
P.S.I . ,  s tack blower on. 

pulp mixer  of 33 cu. ft. capacity and a shaft  speed of 
33 r.p.m. 

Rolling Conditions. Immedia te ly  af ter  the flakes 
were moistened, portions of the four  lots were rolled 
by  means of cotlventional smooth flaking rolls, corru- 
gated cracking rolls, and 5-high rolls. The first two 
types were tr ied with different clearances: i001, .004, 
and .010 in. spac ing .  

The smooth flaking rolls were 12 inches 10ng by  12 
inches in diameter  and had identical speeds, 220 r.p.m. 
They were spring-loaded at 10,000 lb. S ta t ionary  
metal  blade scrapers were used to clean them of ad- 
hering material .  

The corrugated rolls, also 12 in. long by 12 in. in 
diameter, had differential speeds of 1:2.35, the fas ter  
roll moving at 220 r.p.m. The rolls were spring-loaded 
at 10,000 lb. S ta t ionary  brushes were used in cleaning 
them. 

The top two of the 5-high rolls were COrrugated, and 
the bot tom three were smooth. All were 12 inches long, 
the top four  being 14 inches in diameter, and the 
bottom roll, 16 inches. Roll speed was 178 r.p.m. 
Weighted blade scrapers were used in cleaning. 

In  the prepara t ion  of meats for  cooking and hy- 
draulic pressing the severe (5-high) and the mild 
(smooth, 0.005 in. clearance) rolls were used. 

Determination of Degree of Gla~d Breakage. The 
rolled meats were analyzed for  gland breakage by  sub- 
jecting them to extraction with hexane. With  hexane 
extraction the gossypol which has been released f rom 
the ruptui 'ed glands is either largely removed in the 
miscella or is bound on the meal. The extracted, dried 
meal was analyzed for  residual free gossypol, using 
the method of Pons and Guthrie  (10) and for total 
gossypol using that  of Pons et al. (11). The degree of 
gland breakage for  a par t icular  sample was calculated 
by  dividing the free gossypol content of the meal a f ter  
extraction b y  the free gossypol content of the control 
meal (prepared  f rom unrolled meats) a f ter  extraction, 

substract ing the quotient f rom 1.00, and mul t ip lying 
the difference by  100. 

The meats were extracted as follows. T o  a 240-g. 
sample of meats in a 3-necked flask of 3-liter capacity, 
460 cc. of hexane was added�9 These proport ions are 
similar to those used in a commercial extractor ;  on a 
weight basis the average ~ oil-hexane ratio would be 
1 : 4, assuming 33% lipides in the meats. The flask was 
immersed in a constant t empera ture  ba th  maintained 
at 135~ and the mixture  was mechanically s t i rred at 
100 r.p.m, for  20 minutes�9 Then the s lur ry  was poured 
onto a Biichner funnel  and filtered, under  vacuum. 
The residue was washed twice, first with 300 cc. of 
fresh oil-hexane (1: 4) miseella and then with 200 co. 
of pure hexane. The meal was air-dried and analyzed. 

The gland breakage determined by  the extraction 
test was compared to that  which had been observed in 
unextracted samples under  a 54-power wide field mi- 
croscope, a gland having been considered unbroken 
when there was no visible diffusion of pigment  into 
the ' surrounding meal tissue or visible rup tu re  of the 
wall. In  making the determinations of broken glands 
the estimated percentages on each of 10 mounts had 
been averaged. The values obtained by  the micro- 
seopic and the extraction tests were similar, but  those 
found by  the lat ter  method are used in the discussion 
below since they depend on chemical analysis ra ther  
than on the analys t ' s  estimation. 

Cooking and Hydraulic Pressing. Four  pairs of 
pilot-plant cooking and hydraulic  pressing experi- 
ments were carried out on two portions of f reshly pre- 
pared  meats which had been preflaked, moistened to 
14%, and rolled, respectively, under  severe and mild 
conditions. Before cooking, the degree of gland break- 
age of the two portions was determined. 

The meats of both runs of each pair  were cooked by  
identical procedures so that  any differences noted in 
the analyses of the press cake could be a t t r ibuted to 
the differences in the rolls and rolling conditions. The 
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cooking variables in the four runs were the maximum 
temperature of cooking (highest in any run 240~ 
the amount of moisture added during the cooking op- 
eration, and the rate of moisture lost during cooking. 
The cooking conditions are shown in Figures 1-4. 

In  each experiment the charge was cooked for one 
hour, while being agitated continuously. A vertical- 
type French 3 cooker was used. I t  consisted of 5 rings, 
each 22 in. in diameter and 18 in. high. Each ring 
was separately jacketed for indirect heating with 
steam, and was equipped with separate steam pressure 
regulating valves and gauges, traps, and recording 
thermometers which indicated the temperature cycle 
of the meal in the chamber;  also with a steam valve 
which permitted direct addition of steam to the space 
above the meal in the cooking chamber. The stirrers 
in each chamber had a common shaft, rotating at 38 
r.p.m. The contents of a ring were discharged into the 
ring below it through a small opening in the bottom 
which was operated manually, a few minutes elapsing 
between the initial and final discharge. In  addition, 
rings 2, 3, and 4 had a vent opening, to which a blower 

was attached to provide the option of operating the 
cooker under natural  or forced draft. 

A French ~ cake former which was situated at the 
discharge of the cooker permitted cakes 8 x 18 x 21A 
in. to be formed in press cloths. Nylon cloths were 
used. A French s hydraulic press was used which con- 
tained six press box sections, and whose ram was 9 
inches in diameter and could be operated at a hy- 
draulic pressure up to 5,000 lb. per square inch. 

Pressing operations required 30 minutes. Pressure 
was brought  up slowly to 800-1,000 pounds per square 
inch ram pressure in the first five minutes. Caution 
was taken to avoid increasing the pressure too quickly. 
The pressure was then increased to 2,500 pounds per 
square inch ram pressure and held constant for 10 
minutes; then was increased to the maximum, 4,600 
lb. and held there for the remaining 15 minutes. The 
pressure was then released and the cake discharged. 
The cake from each press box was about 8 in. w i d e  
and 18 in. long, :~ in. thick, and weighed about 5 lb. 

Samples of the cooked meats and press cake were 
analyzed for moisture by drying for two hours at 

T A B L E  I 
Effec t  of Mo i s tu r e  Conten t  and  Rol l ing  on Gland  B r e a k a g e  

F r e e  Gossypol Content  of Tota l  Gossypol Content  of Deg ree  of G l a n d  B r e a k -  Deg ree  of G land  B r e a k -  
Ro l l ing  Condi t ions  E x t r a c t e d  Meal  ~ E x t r a c t e d  Meal  age  by E x t r a c t i o n  Tes t  age by Microscopic  Tes t  

% % % % 

Mois tu re  c o n t e n t - - %  .. . . . . . . . . . . . . . . . . . . . . . .  7 .4  10.8  14 .0  19.8  7.4 10 .8  14.0  19.8  7.4 10.8  14 .0  19 .8  7 .4  10.8  14.0  19.8  

No ro l l ing-cont ro l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smooth rolls  c lea rance ,  in. : 
.001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.004  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 .80  0 .80  0 .80  0 .59  

0 .63 0 .82  0 .63  0 .40  
0 .76  0 .86  0 .74  0 .44  
0 .81 0 .79  0 .80  0 .54  

0 .81 0 .76  0 .90  0 .72  

0 .78  0 .85  0 .79  0 .5T 
0 .84  0 .79 0 .87  0 .66  
0 .93  0 .86  0 .90  0 .72  

0 0 0 O 

21 0 21 32 
5 0 7 25  
0 1 0 9 

5 5 5 10 

5 5 10 50 
5 5 5 35 
5 5 5 20 

C o r r u g a t e d  rol ls  c lea rance ,  in .  : 
.001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .61 0 .61 0 . 4 4  0 .29  0 .75  0 .79  0 .73  0 .67  24 24 45 51 15 20 35 70 
.004  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .68  0 .70  0 . 6 4  .... 2 0 .76  0 .87 0 .87  .... 2 15 13 20 .... 2 5 15 20 .... 2 
.010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 ,72  0 .77  0 .70  .... 2 0 .74  0 .88 0 .86  .... ~ 10 4 13 .... 2 5 5 15 .... 

5 -H igh  rolls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 ,56  0 .36  0 .37  .... 2 0 .73  0 .69  0 .71  .... ~ 30 55 54 .... ~ 20 30 40 .... 2 

1 Free-gossypol  (gossypol  or  gossypol- l ike p igments  r e ad i l y  ex t r ac t ab le  wi th  aqueous  ace tone)  in meal  fo l lowing ex t rac t ion  of the rol led m a t e r i a l  
by hexane.  

2 No d a t a ;  m a t e r i a l  was  too mois t  to go t h r o u g h  rolls .  
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101~ in a forced-draft  oven. They were analyzed for  
free gossypol (10), total gossypol (11), and nitrogen 
solubility (9). The press cake was analyzed also f o r  
lipide content (2).  

Results 

Effect of Moisture and Rolling on Gland Breaka~ge. 
The data in Table I show the effects of the three types 
of rolls on the flakes moistened to the different levels. 
The degree of gland breakage increased with increas- 
ing moisture content of the flakes, regardless of the 
type of rolls used. Not more than 54% gland breakage 
was accomplished under  any of the conditions. 

The increase in gland breakage did not seem to fol- 
low regular ly the increase in moisture content. For  
each type of roll the degree of breakage seemed to fall 
into two levels throughout  the moisture range. There 
seemed to be two moisture ranges, one at which the 
degree of gland breakage was at a constant and lower 
level, and another at which it was at a constant and 
higher level. Corrugated roils set at a spacing of .001 
in. effected approximately 25% breakage at 7.4 and 
10.8% moisture and 45 to 54% breakage at 14.0 and 
19.8% moisture. 

The 5-high rolls accomplished the greater  degree of 
gland breakage at m u c h  lower moisture content, 
10.8%, than either the smooth or the corrugated rolls 
at 19.8% and 14.0%, respectively. 

The results (not shown in the table) with flakes 
moistened to 14% for the cooking and pressing of two 
portions which had been rolled under  contrasting con- 
ditions showed that those rolled under  the severe con- 
ditions (5-high, closely spaced) suffered. 54% gland 
breakage, as compared to 5% for the mild rolling 
conditions. 

Chemical Properties of Cooked Meats and Press 
Calves. The analyses of the cooked meats and press 
cakes are given in Table II .  I t  is shown that  in every 
pair  of experiments the more severe rolling operations 
resulted in much smaller remaining amounts of free 
gossypol in cooked meats or press cakes. The press 
cake produced in Exper iment  8 had a free gossypol 
content of .03%, which compares favorably to meals 
.Produced by  other processes and which have been fed 
m unrestr icted quantities to swine and poul t ry  (5). 

In  view of the possibility that reduction of free 
gossypot can take place by reaction of the gossypol 
released from pigment glands with the meal constitu- 
ents, the advantages shown to be the result of more 
severe rolling could be a t t r ibuted completely to more 
efficient rupture  of pigment glands prior  to cooking. 

More severe rolling however also resulted in greater 
tissue disintegration, which allowed for bet ter  mixture 
of all constituents and possibly a greater  reaction, and 
it is quite possible that this fact  in par t  accounts for  
the advantage gained by  the more drastic rolling. 

The differences noted in Table I I  in the free gossy- 
pol content of cooked meats and press cake in each 
pair  of experiments cannot be a t t r ibuted to differences 
in cooking conditions which may have inadvertent ly 
arisen in each experiment since with little exception 
the moisture content of each pair  of cooked meats was 
the same and the reduction in nitrogen solubility, 
which is some measure of the heat damage to the pro- 
tein, was equal. These facts seem to indicate that  any 
differences in the chemical properties of the cooked 
meats or press cake would have to be a t t r ibuted to the 
differences in the rolling conditions. 

A difference in lipide content between the press 
cakes in the mildly and severely rolled meats in Ex- 
periments Nos. 5 and 7 and 6 and 8, respectively, even 
though the pressing conditions in each case were sim- 
ilar, is noted. I t  is not possible however on the basis 
of only two pairs of experiments, to attach any sig- 
nificance to the relation indicated between rolling pro- 
cedure and lipide content in the press cake. Although 
no work is reported on the properties of the oil, it is 
recognized that  consideration of the oil is imperative 
in determining the effect of rolling on processing con- 
ditions, and work on this phase is in progress. 

Summary and Conclusions. The effectiveness of 
closely set five-high rolls, corrugated rolls, and smooth 
rolls for  accomplishing gland breakage in cottonseed 
meats has been compared. Severe (5-high rolls) ra ther  
than mild (smooth rolls) conditions resulted in t h e  
large amount of gland breakage. A maximum gland 
breakage of 54% was generally obta ined at moisture 
contents of 14% or above in the meats. 

The degree of gland breakage was determined by 
an empirical method using hexane extraction. Samples 
having a larger amount of gland breakage had a much 
lower content of free gossypol af ter  cooking and 
pressing. 

Under the best conditions of rolling and cooking, in 
which the temperature  of cooking did not exceed 225 ~ 
F., a hydraulic-press meal was obtained with a free- 
gossypol content of .03% and with 40% nitrogen 
solubility. 

These results indicate that it  may be possible to 
carry  out the processing necessary to produce meals 
of low free-gossypol content prior to the steps that a re  

T A B L E  I I  

Some Chemical P roper t i e s  of Cooked Meats a and  Press  Cake from P i lo t -P lan t  Hydrau l i c  Process 

Total  Mois ture  e 

Exper iment  No. 

1 ........................................ 
2 ........................................ 
3...A ................................... 
4 ........................................ 
5 ......................................... 
6 ........................................ 
7 ......................................... 
8 ......................................... 

Rol l ing  
Condi t ions  

Mild 
Severe 
Mild 
Severe 
Mild 
Severe 
Mild 
Severe 

Free Gossypol b 

Cooked Press  
Meats Cake 

% % 
0.33 0.30 
0.17 0.19 
0.17 0.18 
0.07 0.06 
0.16 0.17 
0.07 0.08 
0.09 0.08 
0.05 0.03 

GossypoI e 

P r e s s  
Cake 

% 
.86 
.87 
.93 
.94 
.98 
.96 
.86 
.82 

Lipides  

Press  
Cake 

Nit rogen Solubi l i ty  a 

Cooked 
Meats 

% 
7.1 
7.2 
6.0 
4.9 
5.0 
4.9 
7.5 
7.8 

% 
9.2 
9.4 
7,4 
5.3 
7,3 
5,5 

7 , 3  
5.4 

Cooked Press  
Meats Cake 

% % 
62 61 
59 58 
54 53 
53 5 3  
49 47 
45 48 
42 43 
46 41 

Pres~ 
Cake 

% 
9.1 
9.2 
7.6 
6.3 
6.3 
6.4 
9.1 

10.4 

a Cooking condit ions are  described in F igu re s  1, 2, 3, and 4. 
b Readi ly  extracted wi th  aqueous acetone according to method of Pons  and  Gu th r i e  (10) .  Value  for  or ig ina l  flakes 0.68%. 
C Extrac ted  wi th  aqueous  acetone af ter  hydrolysis  wi th  oxalic acid (11 ) ,  Va lue  for or ig ina l  flakes 0 .69%. 
a Soluble in  0.5 normal  sodium chloride solution. 
e Dried  for 2 hours  at  101~ in  forced-draf t  oven. 
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involved in oil removal. I t  remains to be determined 
whether other factors besides free gossypol content, 
such as the nature  of bound gossypol, affect the nutr i -  
tive value of the meal for  poul t ry  and swine. 
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The Detoxication of Tung ,Meal 
JORDAN G. LEE and JAMES A. WATSON JR., 1 Department of Agricultural and Biological 
Chemistry, Louisiana State University, Baton Rouge, Louisiana 

T H E  tung oil indust ry  of the Gulf coastal area has 
grown remarkab ly  in the last two decades. The 
indust ry  produces as by-product  large quanti- 

ties of a press-cake which is quite toxic. This toxicity 
has restricted the use of the cake to that  of a ferti-  
lizer or ferti l izer extender. The problem of up-grad-  
ing the cake to a feedstuff has a t t rac ted  the at tention 
of several laboratories in the area without seemingly 
producing a clear-cut answer. 

Erickson and Brown (4) found a commercial press 
cake to be non-toxic to rats  and reported tha t  oil-free 
meal p repared  in the labora tory  could be detoxified b y  
heat alone. Pre l iminary  moistening aided this detoxi- 
cation. Rusoff, Mehrhof, and McKinney (6) repor ted 
tha t  a press cake extracted with naphtha,  steamed, 
and fermented in storage had little, if any, toxicity 
and small value as a feedstuff. Later  Davis, Mehrhof, 
a n d  MeKinney (2) repor ted that  a very toxic press- 
cake could not be detoxified by  heat alone. Chicks 
were used as experimental  animals  in both eases. The 
commercial cakes used by  Emmel  (3) had a :relatively 
low level of toxicity which decreased dur ing storage. 
These he converted into non-toxic meals by  first ex- 
t ract ing with ether and alcohol or acetone and alcohol 
and then hydrolyzing the residue by  autoclaving in 
the presence of dilute hydrochloric aeid. Both sol- 
vents were necessary to detoxify the material  com- 
pletely. Emmel  concluded that  two toxic principles 
were present :  a saponin and a second alcohol soluble 
material .  Chicks were the experimental  animals used. 
I n a  br ief  summary  devoid of all details B ryan  (1) 
s tated tha t  the toxic principle is an a lbumin and that  
tung meal may  be detoxified quite readily to provide 
a nutr i t ious feed-stuff for  chicks, mice, and cattle 

The l i terature based on research in the F a r  Eas t  
does not seem to clar ify the above picture. We hope 
to do so in this report .  

Experimental 
General Procedure. Two commercial press-cakes 

were obtained. A solvent extracted meal was also 
obtained f rom the Tung Oil Labora to ry  of the United 
States DepartlIrcnt of Agriculture.  This meal had 
been prepared  by  cracking and flaking cleaned tung 
kernels and then extract ing the oil without heat  by  
forcing Skellysolve B through the flakes. The final 
meal was air-dried. 

t Present address: Northeastern State College, Monroe, La. 

Pre l iminary  observations indicated tha t  albino rats  
do not relish diets containing tung products.  There 
were also indications tha t  ra ts  are more resistant to 
the toxicity than  chicks. Chicks readily consumed 
even, the most toxic tung products  and showed no 
resistance to the proper ty .  Week-old New Hamp-  
shire chicks were accordingly used as test animals. 
They were fed the rat ions detailed in Table I. I t  

: TABLE I 

Composition of Rations 

Component 

Milo .................................... . ........................ 
Wheat  bran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat shorts ............................................... 
Soybean oil mea] ........................................... 
Meat scraps .................................................. 
Liver meal ............................... ~ . . . . . . . . . . . . . . . . . . . .  
Alfalfa leaf meal ........................................... 
Oyster shell ................................................... 
Bone meal ..................................................... 
Salt ............................................................... 
Delsterol ....................................................... 
Tung meal or cake ........................................ 

Stock Experimental 

% % 
25.0 10.0 
18.0 18.0 
18.2 18.2 
17.0 12.0 

5.0 5.0 
2.5 2.S 

10.0 10.0 
1.0 1.0 
2.0 2.0 
1.0 1.0 
0.3 0.3 
...... 20.0 

should be stressed that  the experimental  rat ion con- 
taining 20% of tung meal is not an economic ration 
bu t  was  designed to give good growth, irrespective 
of the quali ty of the tung protein, provided the tung 
fract ion was non-toxic. Ext rac t s  of the meals were 
s t r ipped of solvent and fed in capsules to chicks con- 
suming the stock ration. Feed and water  were con- 
t inual ly  available. Exper imenta l  and control groups 
contained 10-.12 chicks unless otherwise specified. The 
fowls we re  weighed every four th  day over the experi- 
mental  period of 24 days. 

Toxicity of Meals Used. The cakes and meal were 
tested as soon as possible a f t e r  receipt and at in- 
tervals thereafter .  The results are summarized in Ta- 
ble I I .  The drop in toxicity of the press-cake is in 
marked  contrast  to the stable level of toxicity of the 
extracted meal. The decrease in toxicity coincided 
with a change in appearance of the cake f rom an oily 
to a dry  solid. No fu r the r  decrease in toxicity was 
noted thereafter .  I t  seems probable  that  the initial 
rap id  decrease in toxicity is coupled with oxidation 
of the residual tung oil, a reaction init iated by  the 
expeller process. �9 

Action of Solvents. Portions of the Skellysolve ex- 
t racted meal were placed in a Soxhlet type extractor  


