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boiling tempera ture  of the liquid in the still pot will 
be high, and an excessive amount  of pitch formation 
will result. It  is therefore impor tant  to keep the pres- 
sure drop as low as possible. 

When the two columns are compared on the basis 
of pressure drop per theoretical plate, the data show 
tha t  the bubble-cap eohlmn is more sat isfactory in 
distilling fa t ty  acids than is the fibrous-glass packing. 
A comparison of the data in Table IV with tha t  in 
' fable  V I  shows tha t  for the same vapor  velocity, the 
pressure drop per theoretical plate is about  five times 
as great  for  tile fibrous glass packing as for the 
bubble-cap column. 

Although the allowable vapor  velocity is lower for  
the bubble-cap colulnn used, this shonht be improw;d 
by increasing the plate spacing. I t  was pointed out 
by  N e n r e u t h e r  (7) that  the H . E . T . P . ' s  on small 
l abora tory  columns are generally lower than on com- 
mercial  cohmnls. Therefore  as the size of the cohunn 
increases to eonlmereial size, tile I I . E . T . P .  and there- 
fore the pressure drop per theoretical plate would 
be expected to increase. On the other hand, an in- 
crease in size of a bubble  eap column might  even 
inerease the plate efficiency, due to bet ter  plate de- 
sign and to liquid (;ross-flow. F o r  larger  sizes, the 
comparison should therefore be even more favorable  
to the bubble-cap column. 

Conclusions 
1. Vapor-l iquid eqnil ibrimn data  are presented for  

the systems laurie aeid-myristie acid, myrist ic  aeid- 
pahnit ie  acid, and imhniiie acid-stearie acid at four  
ram. pressure. D e v i a t i o n s  f rom Raoul t ' s  law are 
observed. 

2. Ttle performanee  of a small glass eolunnl packed 
with fibrous glass was studied. The t I .E .T .P ,  was 33 
to 35 inches and sllowed no consistent variat ion with 
eoml)osition. Above a vapor  veh)eity of about  seven 
feet per second, the I I . E . T . P .  increased. 

3. The performance  of a small bubble-cap eolumu 
was studied. The overall plate effieMley was about 

35~:. Tile allowable vapor  velocity was between four  
anal five feet per second. 

4. Fo r  the distillation of f a t ty  acids at four toni. 
of I I g  pressure the bubble-cap column was more sat- 
isfactory than the packed column containing fibrous 
glass since the pressure drop per theoretieal plate was 
about  one-fifth as great  at eomI)arable capacities. The 
comparison should be even more favorable  to the bub- 
ble-cap column with larger  sizes. 

Nomenclature 
G ................. p o u n d s  of  v a p o r  p e r  s q u a r e  f o o t  o f  cross sec t iona l  

a r e a  p e r  hour .  
I [ . E . T . P . . . h e i g h t  e q u i v a l e n t  to a t h e o r e t i c a l  plat( , .  

K v  ............... a c o n s t a n t .  
P ................. t o t a l  p r e s su re ,  a t m o s p h e r e s .  
p, ................ v a p o r  p r e s s u r e  of  s u h s t a n c e  " 1 , "  a tmosphe re~ .  
AP  .............. p r e s s u r e  d ro p ,  inches  of  w a t e r  p e r  f o o t  of  p a c k i n g .  
u ................. a l l o w a b l e  v a p o r  ve loc i ty ,  f e e t  p e r  second.  
Xl ................ reel  f r a c t i o n  of  s u b s t a n c e  " 1 "  in t h e  l iquid  phase .  
y, ................ mol  f r a c t i o n  of  s u b s t a n c e  " 1 "  in  t h e  v a p o r  phase .  
5' ................. a c t i v i t y  coefficient .  
O~ ................. d e n s i t y  o f  t h e  l iqu id ,  p o u n d s  p e r  cu b i c  foot ,  
O~ ................ d e n s i t y  of  t h e  v a p o r ,  p o u n d s  p e r  cub ic  foot .  
~l, ................. ( d e n s i t y  of  v a p o r / 0 . 0 7 5 . )  ~z" 
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Evaluation of Peanut Protein for Industrial 
Utilization. A Review ' 

JETT C. ARTHUR JR., Southern Regional Research Laboratory,'-' 
New Orleans 19, Louisiana 

Introduction 

T I lE  propert ies  of peanut  protein whi('h are im- 
por tan t  for its industrial  utilization as adhesives, 
sizes, water- thinned paints, and fibers are pr ima- 

rily physieo-chemieal  in nature.  To (late the specific 
anlino acid composition of the protein has not been 
shown to affect to any marked "degree the industrial  
applicat ions of tile protein. The following discus- 
sion of the evaluation of peanut  protein for indus- 
trial utilization is concerned therefore  only with the 
physico-ehemieal characterist ics of the components or 
fract ions of peanut  protein.  

1Presented at the 40th Annual Meeting of the American Oil Chem- 
ists' Soeieiy, New Orleans, Douisiana, May 10-12, 1949. 

2 One of the labo-'abories of the Bureau of Agricultural and Industrial  
Chemistry, Agricultural Research Administration, United States Depart- 
ment of Agriculture. 

Ill 1913 Liehnikov (24) reported the separation 
and hydrolysis  of a lbuminous substances f rom pea- 
nuts. The proteins were extracted f rom oil-free meal 
by means of water,  70% alcohol, 10% sohltion of 
sodium chloride, and 0.25% sohltion of potassium 
hydroxide in that  order, thereby dividing the whole 
protein fractions into albumin,  glutin, and globulin 
components. 

[n 1916 Johns and Jones (18-21, 2:1) reported and 
named tile two major  fract ions of peanut  protein, 
based on differences in solubility properties.  They 
suspended 500 grams of oil-free peanut  meal in 2.5 
liters of a 10.~ solution of sodium chloride, clarify- 
ing the suspension by  filtration. The protein fraetion 
isolated by precipi tat ion and fil tration of the clarified 
solution by addition of ammonium sulfate  to produce 
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0.2 saturation was designated as arachin. The filtrate 
resulting af ter  the separation of the arachin fract ion 
was saturated with ammonium sulfate whereupon a 
second protein precipitated which was designated as 
conarachin. These authors also reported that  the 
filtrate from the second precipitation contained an 
albmnin which coagulated on heating the solution 
to 65~176 C. 

Data obtaine(l by ul t racentr i fugal  sedimentation of 
peanut protein reported by Eirich and Rideal (1 l )  
in 1940 showed that  tile protein mixture contained 
five fractions with m o l e c u l a r  weights of 600,000, 
400,000, 140,000, 3{),{)00, and 20,000. AI)plieation of 
the same method to ovalbumin indicated it had a 
molecular weight of 49,000. 

I r v i n g ,  F o n t a i n e ,  and Warner  (15, 17) analyzed 
solutions of peanut  protein in ammonia buffer by 
means of electrophoresis (0.2 M ammonia and 0.1 hi 
hydrochloric acid, pII  9.26, at 4~ 0.1 ionic s t rength)  
and reported lhat arachin is composed of two frac- 
tions and conarachin of one major and several minor 
components. 

In 1944 Compbell and Johnson (10) and in 1946 
J o h n s o n  (22) reported new investigations of the 
properties of peanut  protein, using ul traeentr ifugal ,  
diffusion, and eleetrophoretie methods of a n a l y s i s .  
They fractionated peanut  protein by means of solu- 
bill@ methods, using a 10% solution of sodium chlo- 
ride to peptize the protein contained in peanut  meal. 
The sodium chloride-protein solution was clarified, 
and the proteins were precipitated as fractions by 
means of dilution of tile solution with water, acidi- 
fication of the solution to plI  5, or addition of am- 
monium sulfate to the solution until it was 40% satu- 
rated with the salt. The three fractions obtained in 
this manner  had sedimentation constants of 14.6, 9.5, 
and 6.5 Svedberg units. By means of diffusion meth- 
ods the molecular weight of |he 14.6-fraction was 
determined to be equal to about 396,000. Utilizing 
a 0.05 M phosphate buffer as a solvent, it was found 
by means of electrophoretie analysis that each pro- 
tein fract ion contained at least two components when 
analyzed in solutions having 0.5 to 1.5% protein 
concentration. 

I t  may bc concluded on the basis of tile afore- 
mentioned observations that peanut  protein is com- 
posed of several different components or fractions. 
The physieo-chemical properties of these components 
when they are dispersed in colloidal solutions deter- 
mine the industrial  applications of peanut  protein. 

The properties of these colloidal solutions of pro- 
tcin are complex, and up to the present time no 
definitive explanation of these properties has been 
proposed. However certain procedures have been es- 
tablished to evaluate peanut  protein for  use in dif- 
ferent  products. These procedures may be grouped 
as follows: l. de[ermination of the solubility of tile 
protein contained in oil-free peamlt meal in different 
solvents; 2. analysis of peanut protein isolated from 
peanut  meal to determine its nitrogen and ash con- 
tents, solubility in different solvents, and color of 
the protein when dispersed in sodium hydroxide so- 
lutions: 3. determination of the viscosity character- 
istics of concentrated colloidal solutions of peanut  
protein, for  example, viscosity-time changes, tacki- 
ness, and adhesiveness; 4. specific product  testing. 

Solubility of Protein of Oil-Free Meal 
The solubility of the protein constituents containc(l 

in oil-free peanut  meal in different solvents is inl- 
portant  in the industrial  utilization of the meal and 
protein in two ways, namely, with respect to the type 
of reagents required in isolating the protein and the 
yield of isolated protein. I t  has been reported that  
good yields of protein ('.an be obtained from 1)eanut 
meals prepared by removing the oil either by me- 
chanical methods of expression or by solvent extrac- 
tion methods (1, 5, 6, 12). IIowevcr there is a wide 
variation in the p l [  of the solutions used to prepare  
the protein, depending on the previous history of tile 
peanut  meal. If  solutions having very high or very  
low p i t  values are required for protein isolation, it 
is necessary to construct the equipment used for ex- 
traction with acid-alkali  resistant m a t e r i a l .  This 
s tructural  material is more expensive than that  re- 
quired for equipment where solutions having nearly 
neutral pI I  values may be used. 

In order that  peamtt  meals may be produced which 
contain proteins which are very soluble in water or 
nearly neutral  salt or alkali solutions, the oil must be 
removed from peannt  flakes with organic solvents at 
low temperatures.  The color and solubility of the 
isolated protein are also affected by the modification 
of the protein during the removal of the oil f rom tile 
peanut  flakes. 

The solubility of the protein contained ill peanut  
meal in different solvents is determined as follows: 
2.5 grams of meal are suspended in 100 ml. of the 
solvent and allowed to stand for 3 hours at 25~ 
with occasional shaking; the suspension is clarified 
by centr i fugat ion for  15 minutes at 900 times gravity.  
The percentage of the total nitrogen of the meal in 
the clear centr i fugate is determined by the macro- 
Kjeldahl  method (12). More than 80% of the ni- 
trogenous constituents of solvent-extracted p e a n u t  
meal should dissolve in water  (p l [  6.2-6.8); 90 to 
95% of these constituents should dissolve in solutions 
of sodium hydroxide (p l t  7.5) or 0.5 5I sodimn chlo- 
ride (pH 6.2-6.8). 

Analysis of Isolated Protein 
The nitrogen and ash contents of isolated protein 

are reliable criteria of the quali ty of the product. 
Peamtt  protein, containing more than 16% nitrogen 
and less than 2% ash, has satisfactory properties for 
the production of fibers and adhesives which require 
the use of raw materials containing more than 95% 
protein (4, 7, 8, 16, 25). The nitrogen content of the 
protein may be determined by  means of the macro- 
Kjeldahl  method, and the ash content by burn ing  a 
2- to 5-gram sample of the isolated protein at 600~ 
for four  hours. 

The solubility of the isolated protein in different 
solvents is determined, as follows: 1.25 grams of iso- 
lated protein is suspended ill 100 ml. of solvent and 
allowed to stand for 3 hours at 25~ with occasional 
shaking. The suspension is clarified by centrifuga- 
tion, and the percentage of the total nitrogen of the 
protein in the clear eentr i fugate is determined by the 
macro-Kjeldahl method (14). This test indicates the 
effect of the pII  and ionic strength of the soh'ent on 
the solubility of the protein. However in the prepa- 
ration of more concentrated solutions of protein the 
amount of dispersing reagent used per unit  weight 
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of protein is also a factor in deternfining the sohfl)il- 
i ty of the protein. 

I f  the pigments present in the skins or testa of 
the peanut  kernel are not removed or rendered in- 
soluble in alkali prior  to the extraction of the oil and 
protein, they will separate par t ly  or completely with 
the protein. Alkaline solutions of l)rotein containing 
the pigments that  are present in the skin have a 
brown to red color. 

The evaluation of the color of peanut  protein is 
difficult and in general subjective. A method has been 
proposed for determining the color of the protein by 
analyzing the light absorption of a solution of 10i) 
rag. of protein dissolved in 25 ml. of 0.02 N sodium 
hydroxide (pI[  12.2). The dominant wave length of 
the pigments in the solutions ranges from 570 to 575 
millimicrons. The luminous transmittance of light- 
colored protein solutions at these wave lengths is bet- 
ter than 90% (13). 

A rapid evaluation of the color of the protein may 
be made by visually comparing alkaline solutions of 
peanut  protein with casein solutions or s tandard de- 
colorized peanut  protein solutions. Peanut  protein 
for use as a s tandard may be extracted from peanut  
meal from which the skins have been removed by 
hand. The lightest-eolored peanut  proteins give a 
yellow-tinted alkaline solution. 

Viscosity Characteristics of Solutions of 
Peanut Protein 

The physical properties of protein solutions haw~ 
been of major  imI)ortance in determining their  indus- 
trial  applications. Proteins for  use in adhesives must, 
when dispersed in sohltion, have relatively stable and 
low viscosities and high tack, and they must produce 
a strong adhesive and water-resistant bond. The vis- 
cosity of the solutions shouht be uniform throughout  
a given ghfing operation in order that the amount of 
adhesive applied to a unit  area of the material being 
bonded is a constant value. The glue solution shouht 
develop sufficient tack to bond the material as rapidly 
as possible for continuous gluing operations. I f  suffi- 
cient tack is developed on initial application of the 
adhesive to the material being bonded, final condi- 
tioning of the bon(t can take place af ter  tim glued 
product  has been removed from the production line. 
Protein-adhesive bonds mnst be more water resist- 
ant than starch-adhesive bonds in order that the for- 
mer can compete economically with the lower priced 
starch-adhesive. 

Proteins from oil seeds arc usually globular in na- 
ture, and it has been reported that their solutions 
have higher initial viscosities than comparable casein 
solutions and that the viscosity of the protein solu- 
tions tends to increase as the solutions are matured.  
To produce vegetable proteins which will yield solu- 
tions having stable and low viscosities, it has t)een a 
common practice to modify the protein by means of 
part ial  hydrolysis with alkali, various salts, or en- 
zymes or by means of heat. These modified proteins 
when dispersed in solution usually have a lower and 
more stable viscosity than unmodified proteins. IIow- 
ever the modified proteins have less tack and give a 
weaker adhesive bond than the unmodified proteins. 

A consideration of the reactions by which the pro- 
reins are dispersed in solution has made it possible 
to prepare solutions having low and stable viscosities 
containing unmodified vegetable proteins. Three steps 

are involved in prepar ing a colloidal solution of pro- 
tein, namely, I. reducing of the particle size of the 
protein to the colloidal range, 2. hydrat ing of the 
protein molecules, and 3. altering the charge on the 
molecules so that  it differs from the isoelectric charge. 
I t  has been observed at tile Southern Regional Re- 
search I ,aboratory that the order in which these steps 
arc accomplished affects the viseosity characteristics 
of the resulting solution. For  example, if the protein 
is wetted with water momentari ly and a dispersing 
reagent, such as sodium hydroxide, is added, the pro- 
tein solution has a higher initial viscosity, and this 
value usually increases as the solution is matured. 
l lowever  if the protein is thoroughly wetted with 
water and the particle size of the protein is reduced, 
for example by vigorous agitating of the protein- 
water mixture, followed by addition of tile dispersing 
reagent, this protein solution has a relatively low 
and stable viscosity. 

A typical preparat ion of a low viscosity dispersion 
is made as follows: 1. 44 grams (if protein is mixed 
with 200 ml. of water  in a War ing  Blender at room 
temperature  (23~176 for about 15 minutes to sub- 
divide and thoroughly hydrate  the protein particles, 
2. st irring the protein-water suspension, and adding 
2.5 grams of sodium hydroxide (preferably as a 50% 
solution), 3. f o l l o w e d  by st irr ing to disperse com- 
pletely the protein within 15-20 minutes. The result- 
ing protein solution has a p l I  of 12.0 and a stable 
viscosity of 30 eentipoise. 

A protein sohltion prepared by omission of the first 
step which involves vigorous agitation of the protein- 
water suspension p r i o r  to addition of alkali may have 
a viscosity of 10 to 20 poise one hour after  protein is 
dispersed, and the viscosity of the solution may in- 
crease to several hundred poise as it is matured (9).  

The relative tackiness of a protein solution can be 
measured by extruding the solution through an orifice 
into a coagulating bath in a manner  similar to that  
used in the production of synthetic fibers aim deter- 
mining the lnaximnm elongation which the filament 
will take before breaking (2). 

Product Evaluation 
The only way to evaluate the properties of peanut 

protein for a st)celtic end use is by making the desired 
products coniaining the l>rotein and measuring their  
properties. The adhesive strength of peanut protein 
when used in coating fornmlations may be determined 
by preparing coated paper using the protein as the 
bonding agent between the mineral matter  and the 
paper  and by using the standard I)ennison waxes to 
evaluate the strength of the bond (3). The adhesive 
strength of I)eanut protein for use in plywood glues 
lnay be evaluated by gluing wood and measuring the 
strength of the joint  obtained (7).  Similarly, other 
adhesive products containing peanut  protein can be 
evaluated. 

The properties of peamg protein for use in the 
production of a synthetic fiber can be determined by 
analyzing the protein with respect to quality and 
color as suggested above, by preI)aring spinning solu- 
tions and extruding of fiber, and by measuring the 
physical properties of the fiber. 

Summary 
The properties of peanut protein have been briefly 

reviewed, and procedures for  the evaluation of this 
protein for different industrial uses have been indi- 
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eated. The determination of thc sohlbility of the 
protein in different solvents, analysis of the isolated 
protein to determine its nitrogen and ash contents 
and its color when dispersed in sodium hydroxidc 
solutions, determination of the viscosity characteris- 
tics of concentrated pcanut  protein solutions, and 
specific product  testing are used to evaluate peanut  
protein for industrial utilization. 
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Determination of Free Gossypol in Cottonseed Materials 
WALTER A. PONS JR. and JOHN D. GUTHRIE, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

S EVEICAL spectrophotomctric methods (1, 2, 3) 
have been proposed for the determination of free 
gossypol in cottonseed products. They require ex- 

tensive manipulation and employ either lengthy or 
tedious extraction procedures or reagents lacking in 
specificity. Difficulties have been experienced with 
them in the hands of independent investigators (4). 

A method is proposed in which the gossypol is 
extracted with 70% aqueous acetone and determined 
by tlle color developed with p-anisidine. In prepar-  
ing pure gossypol for another investigation (5), it 
was observed that  gossypol is quite stable in acetone. 
This stability appears to be due to the formation of 
a " l o ose "  acetone-gossypol compound which is easily 
dissociated and in which the aldehyde groups of gos- 
sypol are stabilized. This compound was mentioned 
briefly by Carruth  (6) and is being i n v e s t i g a t e d  
further. 

Aniline is usually employed for  the colorimetric 
determination of gossypol because it reacts with gos- 
sypol to form dianilino gossypol (1, 2). In  order to 
avoid the repeated distillation of aniline, several solid 
aromatic amines were investigated, namely, o-dianisi- 
dine, p-aminobenzoic acid, ~,-napthylamine, /3-napthyl- 
amine, benzidine, o-tolidine, 2,4-diaminophenol, and 
p-anisidine. All of these compounds were found to 
give yellow-colored solutions when reacted with gos- 
sypol. In all cases the presence of a trace of acetic 
acid led to the development of a more intense color. 
p-Anisidinc was selected because it is a white crystal- 
line solid (m.p. 57~ easily purified, and stable in 
the solid state. 

Reagents 
1. 70% Aqueous Acetone (by Volume). 700 ml. 

A.C.S. grade acctonc plus 300 ml. distilled water. 

One of the laboratories of the Bureau of Agricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture. 

2. 95% E t h y l  Alcohol, Aldehyde Free. Reflux 
U.S.P. 95% ethyl alcohol over potassium hydroxide 
and aluminum (10 grams KOII  plus 5 grams alumi- 
num per li ter) for  one hour and distill. 

3. Glacial Acetic Acid. A.C.S. reagent. 
4. p-Anis idine.  Prepare  a saturated solution of 

technical grade p-anisidinc in hot water  and filter 
through paper. Upon cooling in a water bath with 
st irr ing at room tempera ture  the black oxidation 
products  settle out on the sides of the beaker. Decant 
the slightly yellow supcrnatant  into a clean beaker 
and keep overnight in a refr igerator .  The crystalline 
product  is usually pure. I f  slightly yellow, recrys- 
tallize. Dry  in a desiccator over phosphorus pentox- 
ide and store in a brown bottle, p-Anisidine in the 
solid state has proven to be stable for  at least several 
months. 

5. p-Anisidine-Acetic Aci~l-Ethyl Alcohol Reagent. 
Dissolve 0.500 gram recrystallized p-anisidine in puri- 
fied ethyl alcohol. Add 1 ml. of glacial acetic acid 
and make to 50-ml. volume with the ethyl alcohol. 
Use 3 ml. of this reagent for  each determination. 
Since p-anisidine is not stable in solution, this rea- 
gent must be made fresh each day. 

6. Ethyl Alcohol-Acetic Acid Reagent. Dilute 1 ml. 
glacial acetic acid to 50-ml. volume with purified ethyl 
alcohol. Use 3 nil. of th is ' reagent  for  each gossypol 
blank. 

7. Standard Gossypol Solutions. Weigh accurately 
25 mg. of pure  gossypol, dissolve in 70% aqueous 
acetone and make to 200-ml. volume with 70% aque- 
ous acetone. This stock solution of gossypol contains 
0.125 nag. gossypol per ml. Dilute 2, 5, 10, 15, 20, 
25, 30, 35, and 40 ml. of this stock solution to 50 ml. 
with 70% aqueous acetone. Two-milliliter aliquots of 
each sohition are used for developing the s tandard 
curve as outlined below. 


