
Analytical Methods 
for Cottonseed 

Report Coverin  the Methods Developed in Bureau of 
Chemistry and Soils for Samplin  and Analysis 

By GEORGE S. JAMIESON and ROBERT S. McKINNEY 

~ B OUT a year ago a prelinfinary report 
was given by us (Oil and Fat Industry, 
1929, VI, No. 7, p. 11) at the annual 
meeting of American Oil Chemists' 

Society. At that time, we gave the results 
of a detailed study of the various methods in 
use for the analysis of cottonseed for the pur- 
pose of determining its quality. Further  
study convinced us that all these methods 
contained one or more objectionable features. 
When the sample contained a large percentage 
of either slick or damaged seed, it was found 
that the methods in which a 10 gram portion 
was taken for analysis, seldom gave duplicate 
results and frequently the results showed a 
wide variation. Moreover, it is recognized 
that such small samples cannot represent 
aborted or immature seed, and the present 
practice of trying to evaluate such seed on a 
percentage basis is one that cannot be de- 
fended. Also, it is extremely doubtful whether 
samples of this size can be considered as repre- 
sentative when there are wide variations in the 
percentage of hull. 

It is inconceivable that 90 or 100 seeds, 
more or less consciously picked from a speci- 
men of seed of doubtful authenticity, may 
represent, in all of its probable variables, the 
two hundred millions of cottonseed contained 
in a carlot of 25 tons. On the other hand a 
series of very carefully conducted tests has 
demonstrated the fact that the limit of reduc- 
tion of a sample of cottonseed in its natural 
form is between 50 and 60 grams. The gram 
portion of seed used in the Official Method 
is, therefore, sufficiently large to be repre- 
sentative of the sample provided it is properly 
obtained. Mr. Meloy has devised a machine 
for the purpose of accurately subdividing the 
laboratory sample into representative portions 
and thereby has largely removed the personal 
element from this phase of cottonseed analysis. 

It  was found that the quantity of oil 
extracted in the usual manner varied consider- 
ably, owing to the fact that different labora- 

tories grind the seed to different degrees of 
fineness. However, it was repeatedly observed 
that the laI~oratories which grind their samples 
to approximately the same degree of fineness 
consistently checked each other's results with 
the same samples of seed. By using a proper- 
ly adjusted Bauer mill and following in detail 
the directions given in our method, this source 
of error can be avoided. 

After  giving careful consideration to all the 
various procedures that have been proposed 
and to the criticisnas and suggestions of vari- 
ous members of the American Oil Chemis t s '  
Society, all of which were nmch appreciated, 
we final',y chose the Official Method as a work- 
ing basis both on account of the size of the 
portions of seed taken for analysis and the 
possible elimination, insofar as that is possible, 
of the personal element in the analysis. You 
will find the method to be quite similar to your 
Official Procedure, but it differs in the follow- 
ing respects: The 60 gram portion of seed 
is dried for two hours at 130 ~ previous to 
the treatment with hydrochloric acid. Instead 
of directing that the seed be ground fine enough 
to pass through a 30 mesh sieve, which has 
been a source of considerable criticism on ac- 
count of the difficulty of actually meeting this 
requirement, it is recommended that the seed 
be ground as fine as possible in a Bauer 
Laboratory mill, so that after  mixing the 
ground sample has a homogeneous appearance. 
Although the ground sample may appear to be 
homogeneous, it may not actually be so. Con- 
sequently, it is necessary to follow the direc- 
tions for getting representative portions of the 
ground sample for the several determinations. 
Furthermore,  as it is not practical to direct 
that the seed be ground to a definite degree 
of fineness, in the determination of oil, after 
the first extraction, the material is to be re- 
ground in a mortar and extracted a second 
time. 

Our  method has been applied-to the analysis 
of many  regular daily mill samples, which 
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were kindly sent from a mill at which the 
yield of crude oil checked very closely with 
that estimated by the chemist from his analy- 
ses. Being familiar with the method employed, 
we know that it would give correct average 
figures. As expected, the results which we 
obtained by our method closely checked the 
average results reported to us. For  example, 
we obtained an average of 21.89 per cent of 
oil on the dry basis, whereas the mill reported 
21.81 per cent, for a set of 20 samples of seed. 

Samples of cottonseed were carefully sub- 
divided by quartering, and representative por- 
tions sent to a commercial chemist who uses 
the present Official Method in his laboratory. 
His average results checked ours very closely. 
For  example, on a set of 13 samples he ob- 
tained an average of 21.83 per cent of oil, 
and we obtained 21.90 per cent of oil. 

The advantages of our method are: A 
large sample is taken to be representative, even 
i f  the sample contains damaged, slick, aborted 
or immature seed. The moisture of the seed 
does not influence the results. The fuming 
of the seed does not result in a predicted oil 
content of the cottonseed higher than can be 
obtained in plant practice. The grinding of 
the sample does not affect the results of the 
analyses. 

Our methods include those for the deter- 
mination of moisture, free fatty acids, oil and 
ammonia. It is believed that when the samp- 
ling and the analyses of cottonseed are actually 
made according to the methods recommended 
by Mr. Meloy and ourselves, results will be 
obtained which will indicate ac:urately the 
quality of the seed. It is expe=ted that upon 
further study some additional details may be 
added to the methods presented here today. 

The committee appointed at the request of 
your industry has spent about a year and a 
half studying methods for the sampling and 
analysis of cottonseed, and it is now recom- 
mended that the selected methods be con- 
sidered with a view to their adoption by the 
National Cottonseed Products Association. 

The Methods in Detail 
Laboratory Sample 

T H E  sample received at the laboratory shall 
consist of approximately 1,000 grams of 

cleaned seed. It shall be sealed in an air-tight 
container and shall be accompanied with a 
statement as to tbe original weight and that of 
the separated foreign matter. 

Quartering of Samp'e 

T H E  sample shall be examined by the chem- 
ist, who, if it is not thoroughly cleaned, 

shall correct the weights reported to him by 

the sampler, for such additional foreign matter 
as he may find in the sample. The cleaned 
sample should be quartered and one half of it 
returned to the original can and retained as a 
referee sample. The second half shall be pre- 
served in an air-tight container and used by 
the chemist for his analysis. The sample to 
be used for the analysis shall be quartered 
down until the combining of opposite quad- 
rants yields two samples of about 120 grams. 
One of these shall be used for the free fatty 
acid determination. The second half is re- 
quartered, yielding two samples of 60 g. One 
of these is used for the moisture determination 
and the other for oil and ammonia determina- 
tions. 

Quartering shall be done as follows: Place 
the sample on a large piece of paper and mix 
thoroughly, passing the hands upward through 
the pile and separating any masses of seed with 
the fingers. Particularly, if there is a large 
percentage of damaged seed present, the great- 
est care should be exercised to get the seed 
well mixed. If a large amount of bald seed is 
present they tend to segregate to the bottom 
of the pile. In such cases, it is preferable to 
remove the bald seeds, and later distribute 
them uniformly over the thoroughly mixed 
flattened pile of fuzzy seed. Divide into four 
equal parts by cutting twice through the pile 
to the bottom in the usual manner through the 
center at right angles to each other. This can 
well be accomplished with a large spatula. 
Quadrants No. 1 and No. 3 are discarded, 
while quadrants No. 2 and No. 4 are combined, 
mixed and requartered. Or the sample shall 
be mixed and quartered by such mechanical 
means as is approved by the Chemists' Com- 
mittee. 

Original Moisture 
DETERMINATION.--Carefully crack each seed 

coat by means of an approved laboratory 
crimper. Weigh duplicate samples of about 5 
grams into official aluminum dishes (2 inches 
diameter and 3~ inch high, fitted with cover). 
Dry for 5 hours at 101 ~ C. in A. O. C. S. 
Official Jacketed Oven, or Dr. Khotinsky Con- 
stant Temperature Oven. (Any other make of 
electric oven that can be shown to give as uni- 
form a temperature throughout as the ovens 
specified, may also be used.) The cover is 
then placed on the dish and the dish placed, in 
an efficient desiccator until cool (one-half 
hour) .  The sample is reweighed and loss in 
weight calculated as moisture. 

DETERM I NATION.--Optional Method. The 
sample of about 60 grams resulting from quar- 
tering is weighed into an aluminum dish with 
cover (of about 9 cubic inches capacity) cap- 
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aNe of holding sample. The sample in the 
moisture dish with lid removed, is placed in 
the drying oven at 101 ~ C. to 102 ~ C. for 10- 
14 hours or over night. The cover is then 
placed on the dish and the dish placed in an 
efficient desiccator until cool (one-half hour) .  
The sample is reweighed and loss in weight 
calculated as moisture. 

BETERXtINATmN.--Optional Method. Weigh 
into official moisture dish, as rapidly as possi- 
ble to avoid moisture change, between 5 and 
10 grams of the whole seed, the exact weight 
being recorded. The uncovered dish contain- 
ing the sample is placed in the oven at 102 ~ 
for from 10 to 14 hours, or most conveniently 
over night. The dish when removed from the 
oven is covered, cooled in an efficient desic- 
cator (one-half hour) and weighed, the loss in 
weight being calculated as moisture. 

Fuming and Grinding 
APPARATUS.--1. De Khotinsky Constant 

Temperature Oven. 
2. Fuming Oven.--A well ventilated oven 

capable of reaching and maintaining a tempera- 
ture of 125 ~ C., the variations from this tem- 
perature being not more than 5 ~ C. in any part  
of the oven. 

3. Fuming Pots.--A porous earthenware 
vessel, such as a 3 inch flower pot. 

4. Grinding MilL--Bauer Bros. No. 148 
Laboratory Mill, using No. 6912 plate. 

PROCESS.--Dry the sample of about 60 grams 
for two hours at 130 ~ C. ~1 ~ Absorb into 
the inner walls and bottom of the flower pot 
1.5 cc. of concentrated hydrochloric acid. The 
acid is distributed all over the side of the pot 
and when absorbed, the inside of the pot must 
appear dry, otherwise a new pot nmst be sub- 
stituted. Place the dried seed in the pot, cov- 
er with a watch glass and place in the fuming 
oven at 125 ~ C. for 1 hour. The lint should 
be loose and brittle, not scorched. Grind the 
sample in Bauer Mill which has been adjusted 
to produce a fine meal. After  grinding, open 
up the mill and carefully brush out all remain- 
ing ground seed onto a sizable smooth sheet 
of paper. I t  is important that the top o f  the 
hopper of the Bauer mill be fitted with a cover 
to prevent loss of seed during grinding~ There 
should be practically no loss of material in 
grinding and if more than 1 gram of material is 
lost the whole proces~ should be repeated as 
the lost material is not necessarily representa- 
tive of the whole. 

Mix ground sample thoroughly. I t  is rec- 
ommended that this be done bv placing in a 
one-half gallon Mason fruit jar, containing a 
large rubber stopper. Replace the cover and 

shake violently for three minutes, then transfer  
to a well stoppered bottle or container. 

Second Moisture 
DETER~HNATION.--Weigh 5 grams of ground 

sample into moisture dish and dry at 101 ~ C. 
for 3 hours. Place cover on dish, cool in desic- 
cator (one-half hour) and reweigh. 'Calculate 
loss in weight as per cent of moisture of fumed 
sample. Oil 

APPARATUs.--Extraetion apparatus of Butt 
or other continuous percolation type. The use 
of Allihn condensers with 12 inch jackets, 
fitted with cork connections is recommended. 

DETERMINATION.--Weigh accurately dupli- 
cate samples of 4 to 5 grams, wrap in a 125 
or 150 ram. filter paper (S & S No. 597, or 
equivalent grade) and rewrap in a second paper 
or papers in such manner as to prevent escape 
of the meal, leaving the top of the second 
paper open like a thimble. Place a piece of ab- 
sorbent cotton in the top of the thimble to dis- 
tribute the dropping ether. Place 25 cc. of 
petrolic ether (see Specifications Rule 272, Sec. 
3) in a. tared flask of 50 cc. or of 120cc.  ca- 
pacity and extract sample for 2 hours. The 
ether should drop on the center of the thimble 
at a rate of at least 150 drops per minute. The 
volume of the solvent should be kept approxi- 
mately constant. Regrind the sample in a 
mortar, rewrap in the filter papers as before 
and re-extract for one hour. The solvent is 
evaporated off until no trace remains, the 
sample cooled to room temperature, and 
weighed. The last traces of ether are some- 
times difficult to detect by odor and in case of 
doubt evaporate for an hour or longer until 
constant weight is obtained. 

Example of Calculation 
Petrolic Ether Extract  ............ 1.0255 grams 
Original Moisture ..................... 12.22 per cent 
Second Moisture ........................ 2.54 per cent 

1.0255 87.78 
Per cent oil - -  - -  x - -  18.45 

5 97.46 
Nitrogen 

Nitrogen to be made as per Rule 272, Sec. 5. 
Free Fatty Acid 

DETERMINATION.--Heat about 120 g. of 
seed, obtained by quartering, for 30-40 minutes 
at a temperature of 100-5 ~ and cool. Separate 
the meats by any laboratory huller or mill that 
will approximate factory conditions and grind 
sufficiently to pass a 1.5 ram. sieve. At least 
20 g. of meats should be obtained. Extract  
the thorotlghly mixed meats by cold percola- 
tion with petrolic ether. The following pro- 
cedure is recommended. Place the lower disc 
from a Knorr  Extraction Apparatus in a Butt 

(Turn to page 315) 
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Cottonseed Analysis 
(From Page 292) 

tube and place a layer of absorbent cotton on 
the plate. Place the meats in the prepared 
tube and pour sufficient portions of petrolic 
ether on the meats to extract at least 5 grams 
of oil. Receive the extract in a tared flask. 
Evaporate the ether from the oil on a steam 
bath. Care must be taken to see that all the 
ether is removed from the oil. Weigh the oil, 
add 30 cc. neutralized alcohol (Formula 30) 
and titrate the free fatty acid of  the oil with 
standard alkali, using phenolphthalein as the 
indicator. (0.1 N alkali is used if f. f. a. if 
low, but 0.25 N is used for oils with f. f. a. 
above 3 per cent). The addition of a small 
amount of petrolic ether before titration makes 
the end point sharper. The titration is per- 
formed in a flask which is shaken vigorously 
during the titration, the end point being taken 
when a permanent pink is obtained which per- 
sists for at least one minute. 

28.2 x Normal i ty  of a~kali x ce. used 
P e r  cent  F. F. A. 

weight  of oil 

California Olive Oil 
(From Page 296) 

that California oils be further studied along 
these lines, with the idea of calling attention to 
cases of considerable variation from the aver- 
age; second, that the average figures of 80 
yellow--5 red--2 blue for color, 15-16 for 
relative viscosity, and t.0 per cent. for free 
fatty acid be considered as tentative standards 
for the purpose of such investigation; and 
third, that a slight but distinct positive Kreis 
test be considered tentatively as maximum per- 
missible rancidity for the purpose of such in- 
vestigation. 
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Soap Chemists' Report 
(From Page 301) 

The committee and cooperating laboratories 
follow : 

Ralph W. Bailey, Stillwelt & Gladding, Inc., 
New York City; Chas. J. Gundel, Works 

Chemist, Fels & Co., Philadelphia; L. F. Hoyt, 
Manager, Research Dept., Larkin Co., Inc., 
Buffalo; Martin H. Ittner, Chief Chemist, 
Colgate-Palmolive-Peet Co., Jersey City; H. J. 
Morrison, The Procter & Gamble Co., Ivory- 
dale; W. D. Richardson, Chief Chemist, Swift 
& Co., Chicago; M. L. Sheely, Chief Chenfist, 
Armour Soap Works, PChicago; M. L. Sheely, 
Chief Chemist, Armour Soap Works, Babbitt 
Lab., Jersey City; H. P. Trevithick, Chief 
Chemist, New York Produce Exchange, New 
York City; R. B. Trusler, Industrial Fellow, 
Mellon Institute, Pittsburgh; H. C. Bennett, 
Chief Chemist, Los Angeles Soap Co., Los 
Angeles; V. K. Cassady, Chief Chemist, The 
Palmolive Co., Milwaukee; Curtis & Tomp- 
kins, San Francisco; M. R. Diekson, Chief 
Chemist, Colgate - Palmolive Peet Co., 
Berkeley; M. M. Durkee, The A. E. Staley 
Mfg. Co., Decatur; F. E. Joyce, Haskins Bros. 
& Co., Omaha; A. J. Harvey, Technical Direc- 
tor, Lever Bros., Ltd., Toronto; John Ornfelt, 
LaFrance Mfg. Co., Philadelphia; Foster D. 
Snell, Brooklyn; W. J. Reese, Chief Chemist, 
Colgate - Palmolive - Peet Co., Kansas City; 
Win. A. Peterson, Chief Chemist, Kirkman & 
Son, Brooklyn, Secretary, Soap Section, 
A. O. C. S.; A. K. Church, Chief Chemist, 
Lever Brothers Co., Cambridge, Chairman, 
Soap Section, A. O. C. S. 

The Institute for Commercial Expansion of 
the Ministry of Agriculture, Industry and 
Commerce of Brazil has issued a very complete 
discussion entitled "The Babassu Nut," pub- 
lished in Portuguese and English, which gives 
extensive information on the occurrence in 
Brazil of the Babassu palm, the products which 
may be developed from the palm and the con- 
ditions surrounding its exploitation. The book- 
let is well prepared and attractiv'~ly printed. It 
is profusely illustrated with half-tones and 
contains maps of the babassu-producing areas, 
together with many beautifully designed col- 
ored charts setting forth exports of babassu 
products in recent years and imports of various 
commodities which may be affected by the de- 
velopment of the babassu industry. 

Referee Applicant 
Mr. Clinton Morris, of Morris-Flinn Com- 

pany, Macon, Georgia, has applied to the 
American Oil Chemists' Society for Referee 
Chemist certification on all products covered 
by the Rules of National Cottonseed Products 
Association. (First Publ.'cation ) 


