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TABLE 1\ 7 

Change in tile Nutritional Value of Cottonseed Protein on I~eaction with Gossypol 

Sample description Bound 
gossypol 

Nitrogen 
solubility 

in 
0.02 N 
N a O i  

Lysine 
availabil- 

ity b 
Av. 

initial 
wt. 

% % % g. 
Original protein......v ................................ 0 89.0 82.9 116.0 
Methanol-treated protein .......................... 0 85.5 86.0 115.8 
Gossypol-protein complex ......................... 3.25 48.3 48.7 116.6 

a Five rats  in each group, b Three rats  in each group. 

Rat protein repletion value a 

Av. Av. gain 
final in wt. in 
wt. 10 days 

g- g. 
167.0 51.0 
165.2 49.4 
133.2 16.6 

Summary 

A procedure is described by which bound or inacti- 
vated gossypol can be removed from cottonseed meal 
without the application of heat  which might damage 
the protein. The removal of bound gossypol increased 
the mltr i t ional  value of the protein as determined by 
chick feeding tests, rat  protein-repletion tests, and 
lysine availability tests. A procedure is described for 
the preparat ion of a gossypol-cott0nseed protein com- 
plex without heat ing the materials. As a result of the 
combination of the protein with gossypol, marked re- 
duction in nutr i t ional  value occurred. The nitrogen 
solubility of the complex was only about half that  
of the original protein. The results are in accord 
with the concept that  the inactivation of gossypol 
dur ing the processing of cottonseed meal is accom- 
plished through the formation of an insoluble, inert  
gossypol-protein complex which results not only in 
rendering the gossypol harmless but  also in the loss 
of par t  of the nutr i t ional  value of the protein. 
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Determination of Rosin Acids in Mixtures 
With Fatty Acids 
,~. LINDER, Linder Patents, Stockholm, and V. PERSSON, Mo och Domsj8 AB, 
Ornsk'61dsvik, Sweden 

I 
N THE UNITED STATES the most widely used methods 
for analytical determination of rosin acids in mix- 
ture with fa t ty  acids, especially in tall oil prod- 

ucts, are the methods according to Wolff (1, 2, 8), 
MeNicoll (6), and Herrl inger-Compeau (3). The first 
two of these give satisfactory accuracy only when the 
rosin content in the products is about 20-50%. The 
agreement between results from different analysts is 
also, in general, ra ther  poor. The Herrlinger-Com- 
peau method gives excellent results in the range of 
o-15%. 

The authors described in 1949 (4) a new method, 
applicable to all compositions. Like almost all other 
methods, this one was based upon the difference in 
esterification velocity of the fa t ty  acids and the rosin 
acids. But  to make the esterification of the fa t ty  
acids more complete, the water formed during the 
t reatment  was removed by azeotropie distillation. 

To hold back the esterifieations of the rosin acids 
as far  as possible, benzene sulphonic acid was used 
as catalyst. As a small amount of catalyst was used, 
the esterifleation took quite a long time. 

Olavi-Ivermark (7) have developed a method, simi- 
lar to the Herrl inger-Compeau method but  with cor- 
rections for all rosin acids concentrations. The method 
seems to give reliable results in the whole range of 
compositions. At high rosin acids concentrations ben- 
zene has to be added as solvent, which has an influ- 
ence on the corrections. The analysis requires a lot 
of laborious work through repeated extractions with 
ethyl ether. Therefore the possibility of using poten- 
tiometric t i t rat ion direct ly on the reaction mixture  
has been investigated, but  the agreement was not as 
good as for extraction. 

To eliminate the disadvantages of our original 
method the following changes have been made: 
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1. The benzene su lphonic  acid has  been replaced by  sul- 
phur ic  acid, a n d  the  concen t ra t ion  of  acid is s t ronger ,  
r e su l t ing  in a decrease in the  es ter i f icat ion t ime f rom 
1-1.5 hrs.  to 20 rain. I t  was also f o u n d  t ha t  the  var iab le  
qua l i ty  O f the  pu rchased  sulphonic  acid affected the  re- 
sul t  of  the  ana lys is .  

2. An  a t t e m p t  to use  ano the r  solvent  mix tu re  wi th  less 
water-solubi l i ty ,  for  example,  cyclohexanol  and  2-ethy]- 
hexanol ,  did not  ma te r i a l ly  improve  the  es ter i f ieat ion of 
t he  f a t t y  acids. I t  was  found  a d v a n t a g e o u s  t hough  to 
increase  the  con ten t  of  benzene  in the  vapors  by  the  
use  of a column pr ior  to the  condensa t ion  and  wate r  
separat ion.  

e) Phenolphthalein indicator solution. 

d) Thymol  blue indicator solution (may  sometimes 
be used).  

Procedure. 

Weigh accurately a 1.0- to 8.0-g. ( for  high rosin 
content [ > 5 0 % ]  1-2 g. and for low rosin content 
[ < 5 % ]  5-8 g.) sample into a 250-ml. Er lenmeyer  
flask with ground-glass joint. 

Using a constant delivery pipette, accurately  meas- 
ure 50 ml. of the esterification solution into the flask 
and add a few boiling stones. Connect the flask to a 
moisture t r ap  and condenser, place on a hot plate, 
heat to boiling, and reflux for  20 min. 

At  the end of the heat ing period allow the flask 
and. contents to cool somewhat. Remove the flask, 
cool, and add phenolphthalein indicator solution. 

Make a blank t i t ra t ion on the same volume of es- 
teriflcation solution a f t e r  refluxing it in the same 
manner.  

NO~E: The  boi l ing mus~ be vigorous  all the  t ime  so t h a t  
water  f o rmed  sepa ra te s  rapidly .  W h e n  the  reac t ion  is com- 
pleted, the  bot t le  is cooled immedia t e ly  and  the  sample  is 
t i t r a t ed  wi th  alcoholic K O H  solution.  L i g h t - c o l o r e d  rosin 
p roduc t s  a re  t i t r a t ed  wi th  pheno lph tha le in  as  ind ica to r  while 
dark  p roduc t s  and  those  con ta in ing  smal l  a m o u n t s  of  mine ra l  
acids  or alkal is  are  p r e f e r ab ly  t i t r a t ed  potent iometr ica l ly .  

UP .~ ML 

FIG. i. 

D e s c r i p t i o n  o f  t h e  M e t h o d  
A p p a r a t u s .  

a) Special moisture t rap,  constructed according to 
F igure  1. All sizes in millimeters. 

b) Condenser 300-mm. long with drip tip, fitted 
with ground joints. 

c) Flask, 250-ml. Er lenmeyer ,  fitted with ground 
joint. 

d) pH-mete r  (not always necessary).  

Reagen t s .  

a) Esterification solution. 
Mix 500 ml. of  n -bu ty l  alcohol, 500 ml. of  benzene,  
and  6 g. of  concen t ra ted  su l fu r ic  acid. P lace  the  mix-  
ture  in a flask, connect  to a condenser  wi th  a mois tu re  
t rap  to en t r ap  the  s epa ra t ed  water ,  and  reflux for  30 
min.  to f o rm  bu ty l  su l fur ic  acid. Cool and  store in  a 
g lass -s toppered  bott le .  

b) Alcoholic K O H  solution, 0.2 N. 

Calculation. When phenolphthalein is used as in- 
dicator 

( A - -  B) X N X 302.4 X 1.018 
0 . 3 ~  

i X 1 0  

( A - - B )  X N X 3 0 . 7 8  
- -  - -  0.3 ~--- % rosin acids 

i 
where 

A - - m l .  alcoholic K O H  for the sample 

B = ml. alcoholic K O H  for the blank 

N = normal i ty  of alcoholic K O H  

i = grams of sample 

302.4 ~ assumed molecular weight of the rosin 
acids (i.e., abietic acid) 

1.018 ~ experimental ly-determined factor  to cor- 
rect for  the slight esterification of rosin 
acids 

0.3 ~ -  exper imental ly-  determined te rm to cor- 
rect for unesterified f a t ty  acids. 

F igure  2, curve b, shows a normal  t i t ra t ion curve. 
I t  is to be noted that  the first equivalence point B '  
of the sample coincides with that  of the blank and the 
content of rosin acids will be represented by the dif- 
ference A - -  B: 

I f  the sample consists o f  a product  containing 
alkalis or mineral  acids, for  instance raw tall  oil, the 
first equivalence point B '  may  be displaced. F igure  
2, curve C, shows an example of this. I f  B'  of the 
sample differs much f rom B '  of the blank, the base 
or  the strong acid must  be neutralized to obtain the 
proper  amount  of catalyst.  The sample analyzed in 
curve C contained 5% alkali, which was neutral ized 
with su lphur ic  acid. In  such cases it is necessary to 
car ry  out the t i t ra t ion potent iometr ical ly  or use, for  
instance, thymol blue as indicator  to allow the deter- 
minat ion of both points of change. 



2 6  T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  V O L .  3 4  

[ I 14 t t  .~ "~.,O, 4 fl L . ] 
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0 15 1,4 /5 16 .9,0.91 32 2,., ~ ~ ,,~5 
ML OF ALCONOL/C POTA551UM /IYO,~OXIDE N=Q2094 

Fro. 2. Titration Curves. 

Ti t ra t ion  with thymol  blue requires light-colored 
products  and much experience as the first point of 
color change for  the indicator does not coincide ex- 
act ly with the inflection point of the t i t ra t ion curve. 
According to curves c and a in F igure  2 the content 
of rosin will be calculated according to the following 
formula  when thymol  blue is used or the sample is 
t i t ra ted potentiometrically.  

( A - - B ' - - S )  > ( N X 3 0 . 7 8  
0.3 ~ % rosin acids 

i 

where B '  is the amount  of alkali in ml. consumed at 
the first color change (or inflection point) and S is 
the amount  of alkali in ml. consumed in the blank 
between the first and second color change or between 
p H  4.5 and 10.5 when the t i t ra t ion is potentiometric.  
Other symbols are the same as before. 

Determination of the Correction Factor. In  order 
to determine the correction factor  for  different rosin 
acids content, a great  number  of tests were made on 
pure  f a t t y  acids and pure  rosin acids. The unreacted 
port ion of the f a t t y  acids af ter  20 min. of reaction 
time was on the average of 0.3% while the amount  
of the pure  rosin acids which was esterified dur ing  
that  t ime was 1.45%. 

I f  the rosin acids content which is obtained af ter  
20 min. is called H=o, the real rosin acids content C ....  
and the correction k, the following correlations exist: 

H .... = H2o --~ k 

H .... X1-45 
k ~  ( 1 0 0 - - H  .. . .  )X0.30 

and 
I00 I00 

IIeo,~ ~ 1.018 >( I'i_~ o - -  0.30 

TO check calculated correction the Central  Labora-  
tory  of Cellulose Indus t ry  in Stockholm has analyzed 
pure  rosin acids produced f rom crystallized rosin of 
tall oil origin and also mixtures  of this with tall oil 
f a t t y  acids. At the research depar tment  of the Her-  
cules Powder  Company,  Wilmington,  Del., tests have 
been made on pure  oleic acid and pure  hydroabietic 
acid and mixtures  of these compounds. All these re- 
sults are presented in F igure  3. The s t ra ight  line, 
which represents  the average of the values, satisfies 
the equation: 

% Rosin Acids added - -  % Rosin Acids found 
% Rosin Acids found X 0.018 - -  0.3 

Thus % Rosin Acids added = H o o r , ,  % Rosin Acids 
found ~ H2o, and Hcorr ~ H2o X 1.018 - -  0.3. 

The agreement  is general ly ra ther  good, and the 
deviation f rom our resul ts  is about 0.1%. 

Distilled tall oil products  with low rosin acids 
content have been analyzed by  M o o c h  Domsj5 AB, 
using both He r r l i nge r -Compeau ' s  method and the 
new method suggested in this paper.  The results are 
presented in Table I. 

T A B L E  I 

Comparison of New Method with  Herr l inger -Compeau Method 

Rosin content, % 

Test Herr l inger -Compeau New method 
n o .  

Average Avel~ago 

7.00 
6.98 7.02 
7.04 
7.04 

2.67 
2.69 2.68 

3.34 
3.38 3.36 

3.91 
3.93 3.92 

6.96 
6.99 

2.69 

3.27 
3.33 

3.91 
3.99 

6.98 

2.69 

3.30 

3.95 

Time Required for Analysis.  The disadvantage 
with our original method was the long t ime required 
for  an analysis. As mentioned above, the reaction 
time has now been cut f rom 1.5 hrs. to 20 min. 
He r r l i nge r -Compeau  and O lav i - Ive rmark  have a 
shorter reaction time, but, because of the many  ex- 
t ract ion steps involved, the total t ime for an an- 
alysis will be considerably longer than in our case. 
This is evident f rom time studies which were done 
by M o o c h  Domsj5 AB. 

The t ime for analysis according to our method is 
about 45 min. against  60-70 min. for  methods by 
Herr l inger -Compeau and Olavi-Ivermark.  

I t  may  happen  tha t  a larger  amount  of free acids 
is obtained af ter  the esterification than  before. This 
happens when products  (tall  oil pitch) have been ex- 
posed to high tempera tures  for long times and con- 
tain small amounts  of f a t t y  acids. The fa t ty  acid 
content, which is expressed by the difference in acid 
number  before and a f t e r  the esterification, would then 
appear  negative. This circumstance can be explained 
by the fact  that  certain rosin compounds of lactone 
or anhydr ide  type may  become hydrolyzed dur ing 
the acid esterification. In  such cases the rosin acids 
may  be determined by  weighing, for  instance, accord- 
ing to method CCA 15 (5).  

2: Rs OIVSH /P BETI,./EEN %ROSIN ACIDS ADDED - ~  ROSIN ACID.5 

FOUND AND ~ ROSIN ACIDS EOUND 

~~ 

x FIOURE5 DETERMINED BY ,~..tERCULE.,5 DOWDEP COh'IPANY. ff.,-~.A. 

~-2 o FIGURES DETEP.P'IINED B Y T ~ E  CENTRAl LABORATORY OF CEL ,~ 
LULOSE INDU, STRY. SWEDEN 

O~ 
~ROS l N  A C I D 5  F O U N D  

, i , i , i 

' i'o ' 2'o ' ~ o  ' .~o •o  ~ o  ~'o a o  9 0  ,oo 

FIG. 3. 
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Summary 
The authors describe an improvement in their  an- 

alytical :method for determinat ion of the rosin-acids 
content in mixtures with fa t ty  acids, especially for 
tall oil products. 

Good agreement  is obtained for the whole range of 
rosin acids and fa t ty  acids compositions. 

The method is faster, simpler, and less laborious 
than other methods that  have been suggested, but  
seems to give as good results as these. 

The method can therefore advantageously be ap- 
plied both for research work, sales analysis, and as a 
routine control analysis. 
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Pilot Plant Development of the Alkali Cooking Process for 
Cottonseed Meats. I. Effect of Flake Thickness and of 
Time, Temperature, and Moisture Content 
During Cooking 
W. H. KING, N. B. KNOEPFLER, C. L. HOFFPAUIR, and E. J. McCOURTNEY, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

I 
N A PREVIOUS REPORT o n  the processing of cotton- 

seed (4) it was pointed out that  cottonseed meals 
of low f r ee  gossypol content, high nitrogen solu- 

bility, and high nutr i t ive value (as determined by 
short-term chick feeding studies) could be produced 
by subjecting the flaked meats to a vigorous st irr ing 
action in the presence of high moisture content and 
alkali, followed by mild evaporative dehydration.  
The extracted oils were also shown to be of high 
quality. The basic function of this type of t reatment  
is to rupture  the pigment glands and inactivate the 
gossypol by causing it to bind with the meal constitu- 
ents under  conditions which result in high solubility 
of the meal nitrogen. Under the conditions employed 
the meats passed through a plastic and doughlike 
state. Reduction of the moisture content during agi- 
ration resulted in crumbling of the plastic mass to 
discrete particles of meal mixed with oil in such a 
manner  that  the oil is readily extracted. A planetary- 
type m i x e r ,  similar to a Hobar t  food mixer, ~ was 
found to be convenient for  accomplishing the above 
procedure in the laboratory. 

The unique qualities of the materials produced in 
the laboratory seemed to just i fy. invest igat ion of the 
process on a larger scale in an effort to determine the 
equipment requirements. At the same time it was 
considered desirable to obtain additional data on the 
effect of flake thickness, cooking moisture content, 
temperature,  and time of cooking in the presence of 
alkali on the characteristics of the meals and oils pro- 
duced. Some 27 experiments were selected in accord- 
ance with a " L a t i n  squa re"  design (2, 9), as shown 
in Table I. The combinations of conditions selected 
for the 27 experiments are indicated by " X "  marks. 

i Ono of the laboratories of the Southern Utilization Research Bran('h. 
Agricultural Research Service, U. S. Department of Agriculture. 

z The use of trade names does not constitute an endorsement by the 
Department of Agriculture of the product named ever similar prod- 
ucts of other manufacturers .  

TABLE I 

Experimental Rolling and Cooking Conditions Investigated 

Flake 
thickness ............ 

Cooking 
moisture % ......... 

Cooking Cooking 
bempera- time 
ture ~ (mind 

0.005" 

18 24 

0.009" 

31 18 

X 

X 

X 

24 

0.014" 

31 18 

X X 

X X 

X X 

24 31 

180 minimum X X X 
180 45 X 
180 60 X X 

200 minimum X 
200 45 X X 
2OO 6O X X X 

214 minimum X X 
214 45 X X X 
214 60 X 

Experimental  
The jacketed Banbury - type ,  sigma-blade mixer 

(Evar ts  G. Loomis Manufactur ing Company) used 
permit ted handling 15.4-1b. batches of flaked meats. 
This mixer is equipped with rotat ing blades, which 
provide thorough agitation, in a jacketed box having 
a capacity of approximately 2 cu. ft. Ei ther  steam 
or cooling water may be circulated through the jacket 
and blades. The cover is arranged so that compressed 
air may be circulated through openings into the 
chamber, and a thermocouple well extends down from 
the cover to the middle of the rotat ing blade area. A 
diagram of this mixer is shown in Figure  1. 

A single lot of prime cottonseed, analytical data 
for which are given in Table II ,  was used throughout  
the investigation. Sufficient seed for each day 's  cook- 
ing operation was adjusted to a moisture content of 
9 to 10% and allowed to equilibrate in a closed con- 
tainer for  24 hrs. These seed were hulled through the 
pilot plant Carver equipment in such a manner  as 
to yield whole and cracked meats which were essen- 


