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port ive problem with her  was one of supply ing  nutr i -  
tioil, par t icu la r ly  calories. 

The one child to whoni fa t  has been given was a 
four-year-old boy ill whom the maintenance of an 
adequate caloric intake was the major  support ive 
problem. 

As is quite obvious, the clinical studies with intra-  
venous fa t  are jus t  beginning and at  this t ime it is 
not possible to evaluate the results. I t  can be said, 
however, that  f a t  emulsions have been p repa red  which 
carl be given safely to man and which do not give 
rise to ehanges in temi)erature, pulse, blood pressure,  
or respiration. 

S u m m a r y  
Fat  emulsions sat isfactory for  intravenous adminis- 

t rat ion have an impor tan t  role to play in parentera l  
nutrit ion. They offer an o p p o r t u n i t y  to provide 
adequate calories in a linlited fluid volume. F a t  
emulsions given intravenously are utilized for  en- 
ergy requirements  for  growth and maintenance and 
are helpful  in mainta in ing a positive ni t rogen bal- 
ance. They have been given successfully to man. 
They shouht play an impor tan t  role in support ive 
and prevent ive therapy  in pre- and post-operative 
care and in any disease characterized by  serious 
weight loss or emaeiation. 

Financial  aid to these studies over the last  six years  
has come fronl the following : In terna t ional  Heal th  Di- 
vision of tile Rockefeller Foundat ion ;  Will iams and 

Wa te rman  F u n d  of the Research Corporat ion;  Na- 
tional ] )a i ry  (;ouncil; the Upjohn Company;  the Nu- 
t r i t ion Foundat ion  inc.; and the Milbank Memorial  
F u n d ;  an(1 Calmer Research Grants  Branch of the 
National  Cancer hlsti tnte.  The following companies 
have supplied us generously with various mater ia ls :  
Associated Concentrates  inc.; the Upjohn  Company;  
.~Ierck and Company;  Research and I ) e v e l o p m e n t  
Board of General  Foods;  Shefiield F a r m s  inc. ; Corn 
Industr ies  Research Foundat ion  ; A n h e u s e r -  B u s c h 
Company;  Wilson Labora tor ies ;  Manton Gaulin Com- 
pany ;  Swift  and Company ;  Armour  anti Conlpany;  
and Monarch Electrical  Conlpany. We wish to express 
our apprecia t ion to all who have aided this research. 
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Viscosity of ,Cottonseed Protein Dispersions I 

F. W. CHENG, Ministry of Economic Affairs, Republic of China, and JETT C. ARTHUR, JR., 
Southern Regional Research Laboratory, ~ New Orleans 19, Louisiana 

In t roduct ion  

I N a previous publicat ion (1) a method for  dispers- 
ing cottonseed proteins in ,~oncentrations as high 
as 25% protein to produce dispersions which were 

viscous, tacky, and did not gel was described. The 
prepara t ion  of the dispersions was accomplished by  
the inclusion of t r ichloracetatc ion in the alkaline 
dispersing mixture,  thereby prevent ing gel formation.  
The viscosity of the cottonseed protein dispersions 
was found to decrease on aging the dispersion and 
to be dcpendel~t upon the concentrat ion of alkali used 
in its p repa ra t ion  and upon the concentrat ion of pro- 
tein. The instabi l i ty of viscosity of the dispersions 
made it difficult to utilize such dispersions for mmm- 
facture  of fibers, fihns, adhesives, sizes, and  related 
products  because the " w o r k i n g  l i f e "  was too short 
for industr ial  operations. 

This publicat ion describes the results of an investi- 
gation of the effect of various methods of p repar ing  
the meal and of p repa r ing  the cottonseed protein dis- 
persions upon their  viscosity characteristics. 

1 Presented at the l13th National Meeting of the American Chemical 
Society, April 19-23, 1948, at Chicago, Illinois. 

2 One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, l)'. S. Department of 
Agriculture. 

E X P E R I M E N T A L  

M a t e r i a l s  a n d  M e t h o d s  

Isolation of Protein. Cottonseed prote in  was iso- 
lated f rom oil-free meals which were obtained by  
three methods of solvent extract ion:  1. removal  of 
the oil by  means of n-hexane (6), 2. removal of the 
oil by  means of the mixed solvent flotation p roce~  
(deglanding process) followed by  a second extraction 
with n-hexane (2, 7), and  3. removal  of the oil by  
means of isopropanol.  3 The max imum solvent tem- 
pera ture  reached dur ing the p repara t ion  of the cot- 
tonseed meals was less than  the boiling point  of 
hexane. Cottonseed meal, p repa red  as described, was 
suspended in a 0.2 N sodium sulfite sohltion at p ] I  
7.5 in the rat io of 10 li ters of solution to I ki logram 
of meal. The suspension was st i rred for  2 hours at 
room tempera ture ,  a f te r  which the extract  was sep- 
arated f rom the insoluble residue by  centr ifugation,  
in a solid basket  centrifuge,  and  the protein was pre- 
cipi tated by  the addit ion of gaseous sulfur  dioxide to 
the extract,  lowering the p H  to 4.0. The protein curd 
was washed several times with water  and twice with 
acetone, a f te r  which it was air-dried at room tem- 

a Meal supplied through the courtesy of W. D. Harris ,  Agricultural 
and Mechanical College of Texas, College Station, 'rex. 
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pera ture  (5).  The analyses of the meals and protein 
used in this investigation are given in Table 1. 

T A B L E  I 

A n a l y s e s  of M e a l s  a n d  P r o t e i n s  1 

* ' i t r o g e n ,  
M a t e r i a l  % 

I s o p r o p a n o l - e x t r a c t e d  m e a l  . . . . . . . . . . . . . . . . .  1 1 . 0 8  
D e g l a n d e d - h e x a n e - e x t r a c t e d  m e a l  .... . . .  9 . 3 3  
U e x a n e - e x t r a c t e d  m e a l  . . . . . . . . . . . . . . . . . . . . . . . .  9 . 1 1  
P r o t e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 . 6  

C a l c u l a t e d  on  a m o i s t u r e - f r e e  b a s i s .  

Ash ,  

8 . 3 2  

L i p i d s ,  
% 

0 . 6 9  
0 . 6 0  
0 . 7 4  

Apparatus. The absolute viscosities of the concen- 
t ra ted  protein dispersions were measured with a HSp- 
pler  rolling ball  viseometer (3) and a MacMicheal 
torsion wire viscometer (4) at a t empera ture  of 25 ~ 
-+- 0.02~ The viscometers were cal ibrated by  means 
of s tandard  viscosity oils provided by  the National  
Bureau of Standards.  P r io r  to use, the viscometers 
and accessories were washed with water  and ethanol 
and dried with air. 

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

The factors  previously shown to affect the viscosity 
characterist ics of cottonseed protein dispersions are 
the concentrat ion of the protein,  the amount  of so- 
dium hydroxide used to disperse the protein, the age 
of the dispersion, and the presence of specific anions 
(1). These factors  have been more extensively in- 
vestigated with results as repor ted here. In  addition, 
it has been found  that  the method of removal of oil 
f rom the meal has a pronounced effect on the prop- 
erties of the protein.  The effect of method of oil 
removal and the effect of addit ion of reducing sugars 
to the dispersion was also determined. 

Effect of Aging of the Protein Dispersion. The 
data in F igure  1 show the effect of aging of the 
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l~o. 1. Effect of aging and alkali concentration on the vis- 
cosity of 20% cottonseed protein dispersions at a temperature 
of 25~ 1. 12% NaOII; 2. 14% ~'aOII; 3. 16% NaOII. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

dispersions on their  viscosity for  a period of t ime 
greater  than 24 hours. The proper t ies  of the protein 
used in this investigation differ f rom previously re- 
por ted proteins in tha t  tile ni trogen percentage is 
slightly lower and the ash content, slightly higher. 
All three of tile dispersions of 20% protein concen- 
t ra t ion were p repa red  with protein isolated f rom 
deglanded cottonseed meal by  use of sodium hydrox- 
ide and to prevent  gelation contained 2.5% (based 
on the weight of protein)  of t r ichloracetate ion. The 
concentrations of sodium hydroxide used to effect 

dispersion were 12, 14, and 16% of the weight of 
protein for  dispersions Nos. 1, 2, and 3 of Figure  1, 
respectively, and the p l [  of the dispersions was 12.5 
to 12.6: The p H  of the dispersions was measured 
using a glass electrode with a Beckmann p H  meter, 
model G. No correction was made for  the sodium ion 
effect. The viscosities of the dispersions were unsta- 
ble, and for  most pract ical  uses the dispersions had 
a short  "work ing  l i fe . "  

Effect of Protein Concentration. The relative effect 
of vary ing  the protein concentration on the viscosity 
of dispersions containing 14% sodium hydroxide and 
2.5% tr ichloracetate ion is shown in Figure  2. In  
this experiment  the protein was also prepared  f rom 
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FIO. 2. Effect of protein concentration oll the viscosity of tht" 
cottonseed protein dispersions aged 2 hours and 4 hours at a 
temperature of 25~ (14% NaO[[, 2.5% trichloroacetatc, pII 
12.5.) 

deglanded meal. The viscosity obtained af ter  2 and 
4 hours of aging is given for  each concentration of 
protein. I t  is clear that  the viscosity is very sensi- 
tive to small changes in protein concentration. The 
sensit ivity is greatest  when the dispersions are first 
made and decreases sonlewhat with their  age. 

Effect of Sodium Hydroxide Concentration. Tile 
effect of sodium hydroxide concentration on the vis- 
cosity characterist ics was determined on dispersions 
p repared  with prote in  made f rom llexanc-extraeted 
meal, isopropanol-cxtracted meal, and deglanded meal. 
In  the case of the last two-named protein prepara-  
tions, dispersions were tested at two concentrations 
of protein. F r o m  the results of this investigation, as 
given in F igure  3, it is clear tha t  the viscosity of 
the dispersions decreased almost logari thmically with 
increasing sodium hydroxide concentration. The vis- 
cosities of 20% dispersions p repa red  from hexane- 
extracted meal and f rom deglanded cottonseed meal 
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Na O H -  PERGENT 
Fro. 3. Effect of NaOII  concentration and method of sol- 

vent extraction of the meal on the viscosity of cottonseed 
protei~t dispersions. 1. hexane-extracted meal, 20% protein;  
2. deglanded and hexane-extracted meal, 20% protein;  3. iso- 
propanol-extracted meal, 18% protein;  4. deglandcd and hex- 
ane-extracted meal, 13.5% protein;  5. isopropanol-extracted 
meal, 13.5% protein. 

I 0 0 0  t t I 

5 0 0  

100'50 ~ ~  ~"~~"~ 

la, J 

5 - 

N i 
0.5 

OJ I I I 
I 2 3 4 5 6 7 

TIME-HOURS 
:FIG. 4. Jdffect of method of solvent extraction of the meal 

on the viscosity of cottonseed dispersions. 
1. Hexane-extracted meal, 20% protein and 14% I~aOH. 
2. Hexane-extracted meal, 20% protein and 16% NaOH. 
3. Deglanded and hexane-extracted meal, 20% protein and 

14% :NaOII. 
4. Deglanded and hexane-extracted meal, 20% protein and 

16% NaOII. 

were measured at the end of 4 and 6 hours and  are 
plotted (see Curves 1 and 2, F igure  3) to show the 
effect of sodium hydroxide concentrat ion upon dis- 
persious of different ages. The decrease in viscosity 
which 'is observed at higher concentrations of sodium 
hydroxide is p robab ly  due to the hydrolysis  of the 
protein.  

Effect of Method of Removal of Oil. The extent 
of denatura t ion  of cottonseed proteins b y  tempera-  
ture, solvent, and mechanical  agitation, which takes 
t)lacc when thc oil is extracted f rom the cottenseed 
flakes, influences the viscosity of the dispersion of 
proteins p repa red  f rom such meals, as is shown in 
Figures  3 and 4. Proteins isolated f rom deglanded 
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T I M E -  HOURS 
~[o. 5. Effect of dextrose on the viscosity of cottonseed pro- 

tein dispersions. (Deglanded-hexane-extracted meal.) 1. 20% 
dextrose; 2. 12.5% dextrose; 3. 10% dextrose; 4. 0% dextrose. 

meals seem to be modified to a grea ter  degree than 
proteins isolated f rom hexane-extracted meals, as is 
indicated by  the viscosity characteris t ics  of the dis- 
persions. In  every case, as is shown in F igure  4, the 
proteins p repa red  f rom hexanc-extracted meals gave 
more viscous and stable dispersions. 

Effect of Sugars. The effect of sugars on the vis- 
cosity and s tabi l i ty  of protein dispersions was deter- 
mined by  incorporat ing sugars with the prote in  and 
t r ichloracetate  ion as the dispersions were made, with 
results as shown in Figures  5 and 6. In  all of these 
experiments  the protein concentrat ion was mainta ined 
a t  20%, and 14% sodium hydroxide and 2.5% tri- 
chloracetate ion were used to effect the dispersion. 
The addit ion of dextrose increased the initial viscos- 



1 5 0  T H E  J O U R N A L  OF T H E  A M E R I C A N  OIL, C I I E M I S T S '  SOCIETY,  A P I t I L ,  1 9 4 9  

I O 0  

~_ 50 

n- 5 
0 "1- 
LO 
z I 0 

0.5 0 

0.1 

~ r 4  

I I 
2 3 4 

TIME-HOURS 
F:G. 6. Effect of dextrose on relative value of the viscosity 

of cottonseed protein dispersions. 1. 20% dextrose; 2. 12.5% 
dextrose; 3. 10% dextrose; 4. 0% dextrose. 

i ty of the dispersions and decreased the relative rate 
of decrease of viscosity with age, as is shown in Fig- 
ure 6. The data  in this figure have been plotted to 
show the effect of dextrose Oll the percentage change 
decrease in viscosity with t ime compared to the vis- 
cosity value obtained 1 hour a f t e r  the dispersion was 
made. 

Although the addition of sucrose to the dispersions 
increased the initial viscosity of the dispersions, the 
relative rate  of decrease in viscosity was not affected, 
as is shown by  the experiments  given in F igure  7. 
A number  of experiments  on the effect of a var iety 
of sugars on the viscosity and stabil i ty of cotton- 
seed protein dispersions indicates that  the abi l i ty to 
decrease the rate  of change of viscosity of these dis- 
persions wi th  age is related to reducing sugars.  The 
abi l i ty  of the reducing sugars to stabilize the protein 
dispersions was always accompanied by  a large in- 
crease in the initial viscosity upon addition of the 
sugar, thus indicat ing that  a reaction p robab ly  occurs 
between the two types of molecules to fo rm larger  
and more stable aggregates.  

With  the information now available o:1 the effect 
of reducing sugars on the viscosity and stabil i ty of 
cottonseed protein dispersions, it is possible to pre- 
pare dispersions with a pract ical  " w o r k i n g  l i f e "  by 
the addit ion of 12.5 to 1 5 %  dextrose (on the basis 
of the weight  of protein) .  The viscosity of such dis- 

persions will not decrease below 50 poises during a 
4-hour period. 

Summary 
Tacky and viscous cottonseed protein dispersions 

can be p repared  f rom proteins isolated f rom hexane- 
extracted meals, deg landed-hexane-ex t rac ted  meals, 
and isopropanol-extracted meals by  means of sodium 
hydroxide and tr ichloracetate ion. The addition of 
sugars increases the viscosity of the dispersions, and 
dextrose significantly decreases the rate  of change in 
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FZG. 7. E f f e c t  o f  s u g a r s  on v i s c o s i t y  of  c o t t o n s e e d  p r o t e i n  

d i s p e r s i o n s .  ( H e x a n e - e x t r a c t e d  m e a l . )  1. 1 0 %  d e x t r o s e ;  2. 1 0 %  
s u c r o s e ;  3. con t ro l ,  no s u g a r  added .  

the relative viscosity. Proteins isolated f rom hexane- 
extracted meals seem to be less modified than those 
isolated f rom deglanded-hexane-ex t rac ted  meals, as 
indicated by  the higher viscosity and stabil i ty of the 
dispersions. 
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