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Cottonseed meal contains about 50% of protein. There are a number of methods for isolating protein 
[1-3]. We have used the alkaline method of extraction, which enables the protein to be obtained withthemaxi-  
mum yield (32-34%). We have used various solutions for extraction. The total yields of extracted protein 
and the percentage nitrogen contents are given in Table 1. 

The best results with respect to the total yield of protein and to the percentage nitrogen content were 
achieved when the meal was extracted with a 0.27% solution of ammonia. The optimum conditions for ex- 
traction were selected: the yield of extracted protein and the nitrogen content were determined as functions 
of the time and temperature of heating and of the pH of the extracted solution. It was found that the optimum 
conditions are pH 11, temperature of heating 90°C, and time of heating 45 min. 

To improve the quality of the protein obtained, the extracts were treated with calcium salts [4, 5] in 
various concentrations (0.0065-0.5 M), with their addition both to the extracted mass before heating and to 
the extract  isolated after  the centrifuging of the residual meal. In both cases a considerable decrease in 
the yield of protein was observed, while the percentage nitrogen content increased slightly (see Table 1). 
In addition, we studied the action of hydrogen peroxide on the yield and quality of the protein. The yield of 
protein fell by 5%, and the percentage nitrogen content rose from 12.6 to 13.2% on extraction with NaOH and 
from 13.5 to 15.5% on extraction with NIt 3. The color of the protein was lighter and, in addition to this, the 
amount of bound gossypol in it had fallen sharply (Table 2). 

Table 2 gives the results of chemical analyses on the basis of which it is possible to estimate the food 
value of the proteins obtained by the alkaline method. 

The amino-acid composition of the protein on extraction with ammonia was as follows (%): lysine 
2.5; histidine 1.45; arginine 10.65, aspartic acid 7.37; threonine 2.15; serine 3.76; glutamic acid 14.55; gly- 
cine 3.62; alanine 3.6; valine 5.44; isoleucir~ 2.8; leucine 5.51; tyrosine 2.35; phenylalanine 5.2; and proline 
6.0. Essential  amino acid index (EAAI) taking into account the amounts of all ten essential amino acids, 
67.7%. Moisture content of the protein 6.2%, ash content 1.55%. 

A spectroscopic analysis of the ash showed the presence in the protein of 0.034% of Si, 0.34% of Ca, 
0.34% of Mg, 0.19% of P, and 0.02% of Cr, other elements being present only in trace amounts of 10-3-10-4%. 

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

Protein. The amount of protein in the solution was determined by the biuretic reaction and by the 
Warburg-Chris t iani  method [6]. 

Nitrogen. The percentage nitrogen content of the protein was determined by Conway's microdiffusion 
method and by the Dumas combustion method. 

Lysine. The amount of assimilable lysine was determined by Carpenters '  method [7] modified for 
protein f rom plant sources.  The amount of DNP lysine was determined from a calibration curve plotted 
for pure E-DNP lysine. HC1. For  converting E-DNP-lysine into lysine we used a factor  of 0.419 [8]. 
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TABLE 1 

Alkaline 
solution 

NaOH 
Na2COa 
NH3 
NaOH* 
NHa* 

Yield ot 
protein in 
the precip. 

25 
14 

32--34 
15--18 
20--22 

total ex- 
zactable~ 
~rotein,~o 

31 
20--23 
29--40 
20--22 
25--28 

Nitrogen 
content 

1 ~,5--12,8 
I'-),6 

13,5--14 
13,5 

14,3--14,5 

* T r e a t e d  with ca lc ium sal ts .  

TABLE 2 

Extracting 
solution 

Yield of Protein Assimilable Solubility 
~rot. in content lysine,g/16 in 0.02 
ihe precip~,o - g of N NaOH 

NaOH I 27--30 NH3 32~34 
NH3+ H~Oc 

81,a 
87,5 
91 

3,1 ] 100 
3 I00 

3,4--3,5 100 

I Gossypol content, % 

total { ~ee  

I !,45 0,02 
1.4~ 0,015- 0,025 

0,38-0,45 0,015--0,022 

Gossypol.  The amount of total  gossypo l  was de te rmined  by Smi th ' s  method [9]. 

Ext rac t ion  of the Pro te in  f r o m  the Meal.  The m e a l  ground in a bal l  mi l l  (5 g) was ex t rac ted  with45 ml  
of 0.27% NIt 3 at pH 10.5-11, and the ex t rac t  was heated at 90°C for  45 rain and was centr i fuged at 6000 r p m  
for  15 min. The prec ip i ta te  was washed twice in ammon iaca l  wa t e r  at 70"C with s t i r r ing .  

The supernatant  liquids were  combined with the main  ext rac t ,  and the pro te in  was prec ip i ta ted  with 
1 N HC1, the pH being brought  to 3.8--4, and was then centr i fuged at 6000 r p m  for  15 rain. The pro te in  was 
washed with acidified wa te r  at pH 4.5-5 and was dried e i the r  with acetone or  by lyophization (ID. 

Meal  was ex t rac ted  s i m i l a r l y  with a 0.25% solution of NaOH and with a 0.2% solution of Na2CO 3. 

De te rmina t ion  of the Yield of P ro te in  and of the Percen tage  Nitrogen Content. As a Function of the 
T ime  of Heating. The m e a l  was ex t rac ted  by the given method for  15-19 min  with an in te rva l  of 15 rain and 
the ex t rac t  was worked up as  desc r ibed  above. 

As a Funct ion of the T e m p e r a t u r e  of Heating.  The mea l  was ex t rac ted  under  the same conditions in 
the t e m p e r a t u r e  range  f r o m  60-90°C (every 5oC). The pro te in  was isola ted as desc r ibed  above. 

As a Funct ion of the pH of the Ex t r ac t ed  Solution. The mea l  was ex t rac ted  with ammonia  solution at 
pH 7.5-11.5 at in te rva l s  of 0.5 pH unit. 

Acid Hydro lys i s  of the Pro te in .  The pro te in  (3-5 rag) was hydrolyzed with 8 ml  of 6 N HC1 under  v a c -  
uum at l l0°C fo r  24 h. The hydrolyza te  was dr ied in a r o t a r y  evapora to r .  The amount of amino acids was 
de te rmined  on a type AAA-881 amino -ac id  ana lyzer .  

P r e l i m i n a r y  Washing of the Meal  with Water.  The mea l  was suspended in wa te r  acidified with 1 N 
HC1, or  1 N H2SO 4 to pH 5.5 in a r a t io  of 1 : 5, and the suspens ion was s t i r r e d  at 65-70°C for  15 rain and was 
then centr ifuged.  The solid m a t t e r  was used  fo r  f u r t he r  ex t rac t ion  by the method descr ibed  above, and the 
pe rcen tage  of pro te in  in the superna tant  liquid was de termined.  The losses  of pro te in  amounted to 5-6% 
and of n i t rogen to 13.2-13.6%. 

T r e a t m e n t  of the Ex t rac ted  P ro te in  with Calcium Salts .  The alkaline ex t r ac t  was t r ea t edwi th  0.0065 N 
CaC12 (0.3-6 ml), left  fo r  12 h, acidif ied with 1 I-IC1, and centrifuged.  The pe rcen tage  ni t rogen contents of 
all  the s amp le s  were  de termined.  On the addition of 6 ml  of CaC12 the yield of pro te in  in the prec ip i ta te  de-  
c r e a s e d  by a f a c to r  of 2, and the pe rcen tage  of ni t rogen by a f a c to r  of 13; when s i m i l a r  amounts  of CaCI 2 
were  used, no apprec iab le  inc rease  in tlae amcxmt of ni t rogen was observed  and the yield of prote in  fe l l  by 
a f ac to r  of 1.2-1.3.  To the alkaline ex t r ac t  obtained f r o m  15 g of mea l  was added 0.3 g of Ca(OH)~+ 0.55 ml  
of 50% NaOH+0.42 g of Na2CO3, and the mix tu re  was left  for  12 h. Then it was centr ifuged and a f t e r  2 h it 
was  acidified with 1 N HC1. The yield of p ro te in  was 6-10% and the percen tage  of ni t rogen 13.5-14.5. 

T r e a t m e n t  of the Ext rac ted  Pro te in  with Hydrogen Peroxide .  To an alkaline ex t rac t  o r  to a suspens ion 
of the m e a l  in an alkaline solution was added 30% H202 (0.04-0.3 mole  per  g r a m o f d r y  meal) .  The ex t rac t  
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was additionally heated at 70°C for  30 rain. The subsequent working up was performed by the method de- 
scribed above. 

C O N C L U S I O N S  

The optimttm conditions for the extraction of protein from cottonseed meal with a solution of .mmonia 
has been selected, giving a yield of protein of 34% with a nitrogen content of 13.5-14%. The chemical char- 
acter is t ics  of the protein are  given. 
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