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IDE from the natural sterility, low germination 
of cottonseed is attributed to deterioration of 
the seed after maturity. On e index of deterio- 

ration is the amount of free fat ty acid present as a 
result of the splitting of the oil into glycerine and 
the component fat ty acids. I t  was shown in a previ- 
ous publication (2) that, f o r  all practical purposes, 
individual kernels containing more than 1% of free 
fatty acids will not germinate. It  was also observed 
for the seed examined that about 5% of the kernels 
containing less than 1% of free fat ty acids did not 
germinate. This amount in the kernel is equivalent to 
approximately 3% in the extractable oil. 

I t  has been noted that cottonseed exposed to wet 
weather in the field are likely to be lower in viability 
and to contain higher percentages of free fat ty acids 
than those harvested without being subjected to un- 
favorable exposure (3, 4). Similar observations have 
been made on cottonseed stored under conditions of 
high moisture and/or temperature (4). 

In order to ascertain whether the percentage of free 
fat ty acids in the extracted oil may be used as an 
index of the percentage of germination of bulk lots 
of cottonseed reserved for seeding, 254 samples were 
selected from lots of seed tested for germination by 
the Seed Laboratory of the Arkansas State Plant 
Board, using either the sand or the towel test. These 
samples were analyzed for percentage of free fatty 
acids in the extracted oil by the Southern Regional 
Research Laboratory, using Official Method Aa 6-38 
of the American Oil Chemists' Society (1). 

The samples tested included seed of the following 
varieties: Arkot 2-1, Coker Wilds, Coker 100 W. R., 
D and PL No. 14, D and PL No. 15, Delfos, Delta- 
pine No. 78, Dortch's No. 1, Dortch's Improved Row- 
den, Empire, Half and Half, Paula, Rowden 41B, 
Stoneville 2B, and several unknowns. They varied in 
germination from 13% to 96% and in free fatty acid 
in the oil from 0.52% to 8.13%. 

The samples were ranked in increasing order of 
percentage of free :fatty acids in the oil and divided 
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into sub-groups by selecting intervals of percentage 
of free fatty acids of sufficient magnitude to contain 
a significant number of sample s. The data, thus sum- 
marized, are given in Table I. The variations in the 
percentage of free fatty acids in the oil depend on 
the number of kernels in which the free fatty acids 
occur and on the amount of free fatty acids in the 
individual kernels. As has been shown previously (2), 
the percentage of free fat ty acids in a kernel may be 
many times the amount that is associated with loss of 

viabil i ty or ability to germinate. For these reasons 
the data could not be treated adequately by correla- 
tion and was interpreted on the basis of probability. 

O N the basis of averages, there is a marked de- 
crease in germination with an increase in pert 

centage of free fatty acids in the oil. Considerable 
variation in the percentage germination is noted for 
each sub-group. Should the sub-groups have been 
selected on the basis of germination, a similar varia- 
tiol~ in percentage of free fat ty acids would have 
been observed in each. 

For each sub-group the proportion of samples 
having germination values of at leas t  70% were 
calculated to obtain the probability of germination 
above the 70% level. The probability values for the 
80%, 85%, and 90% minimum germination levels 
were calculated similarly. The results are included 
in Table I. 

I t  is apparent that the probability of obtaining a 
specified minimum level of germination drops rapidly 
as the percentage of free fat ty acids increases. For 
example, the chances are about 3 in 4 that a lot of 
seed having a free fat ty acid content in the oil of 
from 0.50% to 0.74% will have at least 80% germi- 
nation. The probability of germination at this level 
of all the samples examined was 0.45. 

Thus it seems practical to use the percentage of 
free fatty acids as a preliminary or screening index 
whenever possible in reserving cottonseed for seeding 
purposes with subsequent use of the germination test 
for confirmation. Such a practice would appear to 
increase the probability that the lots reserved would 
have a specified minimum germination value. As seed 
with high moisture contents increase in free fa t ty  acid 

" T A B L E  I 

Summary  of Free  Fa t ty  Acid in 0ii  Values and PerCentage of 
Germination of Cottonseed Samples 

Range of 
F . F . A .  for 
Sub-groups 

% 
0.50-0.74- 
0.75-0.99 
1 . 0 0 - 1 . 2 4  
1 .25 -1 .49  
1.50-1.99 
2 .00 -2 .99  
3 .00 -4 .49  

Above 4.50 
All samples 

N0. of 
Samples 

17 
46  
53 
33 
39 
31 
18 
17 

2 5 4  

Average 
F . F . A .  

% 
0 .67  
0.89 
1.12  
1 . 3 8  
1 :72  
2 .38  
3.65 
6 .24  
1.85 

Average 
Germination 

84 
81 
79 
79 
75 
7 2  
62 
49  
74- 

Range  of 
Germination 

35-96 
56-94 
65-90  
32-88  
55-93 
38-82 
13-63 
13 :96  

70% 

0.94 
0.83 
0.87 
0.88 
0.74 
0,68 
0.22 
0 
0.69 

Probabili ty of Germination Above 
Specified Level 

8o% 85% 

0.76 0.59 
0.72 0.48 
0.60 0.25 
0.58 0.33 
0 .36  0 .18  

0 . 2 3  0 .10  
0.06 O 
0 0 
0.4-5 0,25 

90% 

0.18 
0.19 
0.08 
0.03 
0 
0.03 

0 
0 
0.07 

347 
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content and decrease in percentage germination (4) 
on storage, the moisture content of cottonseed reserved 
for seeding purposes should be considered also and be 
low enough to insure good preservation. 

Summary 
The relationship of the free f a t t y  acid content in 

the oil to the percentage germination for 254 samples 
of cottonseed of different varieties indicates that  the 
free f a t ty  acid content may be used as a practical  
screening index for  use in selecting lots of cottonseed 
to be reserved for seeding purposes and subsequent 
testing for  germination. The percentage germination 
decreases in general with increasing free fa t ty  acid 
content. The mathematical probabil i ty that  a given 
lot of seed will exceed a specified minimum germi- 
nation value decreases markedly as the free fa t ty  acid 

content of the oil increases. Insofar as practical, i t  
is suggested that  cottonseed reserved for  seeding have 
a low free fa t ty  acid content, less than 0.75% in the 
oil if at all possible. 
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A Calorimetric ,Method for Water-Soluble 
Silicates in Detergents' 
WILLIAM J. MILLER, The Procter and Gamble Company, Ivorydale, Ohio 

T HI S  method grew out of the need for a rapid, 
fair ly accurate control method to make occasional 
determinations for silica on the crutcher  mix and 

the finished soap products.  The method worked so 
well that it was expanded to cover the analysis of all 
types of detergents, even those highly built  with phos- 
phates. I f  the assumption may be made that water- 
soluble silica is the same as the total silica, the method 
is just  as accurate as the dehydrat ion method. When 
an appreciable amount  of water-insoluble silicate is 
present, the method may be modified to include a 
determination of this material. When only a roughly 
accurate control is required, the amount of silica that  
is water-insoluble may generally be ignored. 

Discussion 
The method is based on the development of the 

yellow silico-molybdie acid complex. Although some 
workers (4) have suggested that  the reduction to the 
blue complex affords bet ter  detection of smaller quan- 
tities of Si02 (in the range of a few p.p.m.), i t  was 
felt  that the range of concentrations to be encoun- 
tered as applied to detergents did not warrant  the 
use of this modification. Moreover the interference of 
phosphorus is greater  and more difficult to eliminate 
when the blue color is developed. 

Citric acid was found to be an excellent bleach for 
the yellow phospho-molybdie acid color, having no 
effect on the color produced by  silica. Knudson (3) 
first precipitates the phosphates with calcium chlo- 
ride bu t  shows that  the p i t  at  this point is quite 
critical and requires a buffer to keep the pH of the 
solution at 10.0 before precipitation. 

F igure  I is a curve showing the development of 
the color f rom silica alone while Figure  2 shows the 
additional effect of phosphorus followed by  the addi- 
tion of citric acid. I t  was found that  the amount  of 
citric acid prescribed by  the method would completely 
eliminate the effect of 25 times as much P205 as Si02. 
Table I indicates that  the proposed method is as good 

1 Presented at the fal[ meeting, American Oil Chemists' Society, Oct. 
31-Nov. 2, 1949, Chicago, nl .  

as the dehydrat ion method and a series of duplicate 
analyses show the s tandard deviation to be • 0.05% 
for samples containing 1.5 - -  5% Si02 and __+ 0.01% 
for samples containing up to 1.5%. 

Apparatus 
1. K l e t t - S u m m e r s o n  colorimeter,. 
2. No. 42 K l e t t - S u m m e r s o n  filter. 
3. 2 x 4 cm. abso rp t ion  cells. 
4. Bure t tes ,  p ipet tes ,  volumetr ic  flasks, etc. 

Reagents 
1. Neut ra l ,  95% 3A or No. 30 alcohol. 
2. A m m o n i u m  mo lybda t e  solut ion.  

10% (NH~)~Mo,O.~'I-I.,O in water .  
3. Citric acid solut ion.  10% C~HsO, 'H20 in  water .  Small  

quan t i t i e s  should  be p repa red  so t ha t  the  solut ion be ing  
used is no t  more  t h a n  a week old. W h a t  l i t t le  mold  
fo rms  wi th in  th is  t ime  should  be filtered off before  the  
r eagen t  is used.  

4. Su l fu r i c  acid. 1 : 4  in  water .  
5. S t a n d a r d  sil ica solut ion (1 ml. ~ 0.0002 gin. SiO2). 

Fuse  0.2000 gin. of pure  SiO2 in 2 gins. of  Na2CO3 - -  
K~CO3 fu s ion  m i x t u r e  for  abou t  15 minu tes .  Cool an d  
dissolve in w a r m  water ,  u s i n g  a p l a t i n u m  d ish  for  a 
conta iner .  Cool the  so lu t ion  and  t r a n s f e r  to a 1,000-ml. 
volumetr ic  flask. Make  to volume wi thou t  de lay  an d  
store in a wax  l ined or ha rd  rubber  bott le .  
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