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~ H E plan that has been suggested for 
evaluating or grading cotton seed 
contemplates the adoption of the fol- 
lowing definition of Basis Cotton 

Seed and that all quotations for cotton seed 
shall be made on seed meeting the defini- 
tion : 

"Basis Cotton Seed shall be cotton seed 
that analyze 19.00% oil, 3.5% ammonia, 
11% tare and not to exceed 2% Free Fat ty  
Acids at time of purchase." 

It  contemplates further that seed analyz- 
ing other than as defined shall be evaluated 
by an index. That  the index shall be as- 
certained in the following manner:  The 
seed shall be analyzed for oil, ammonia, 
tare and Free Fat ty  Acids. To the pounds 
of oil as indicated by such analysis add a 
figure found by dividing the indicated 
pounds of 8% cake by the ratio of the price 
of a pound of 8% cake to the price of a 
pound of crude oil. The figure so found, 
referred to herein as the reciprocal, for 
Basis cotton seed shall be taken as par or 
Index 190. The index of seed analyzing 
other than as in the basis analysis is de- 
termined by dividing its reciprocal by the 
reciprocal of Basis cotton seed. And fur- 
ther, that discounts shall be applied to the 
index value at a rate not to exceed .3% for 
each .1% increase in Free Fat ty  Acids in 
the seed at time of purchase, provided that 
no additional discount shall be permitted 
on account of Free Fatty Acids above 
18.5%. The average ratio of value of units 
of 8% cake and prime crude cotton seed oil 
is 5 and this ratio with its resultant recip- 
rocal 555.0 has been suggested for use as 
a constant. 

At the annual Convention of the Inter- 
state Cotton Seed Crushers' Association 
held in New Orleans, La., May 16, 1929, it 
was suggested that if the percentage of 
both oil and ammonia were always calcu- 
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lated and reported on the basis of a con- 
stant and standardized tare, and that the 
actual tare be determined and reported, the 
method would have material advantages. 
The index may, of course, be determined 
from the "as is" analyses of seed, but the 
suggestion that the percentages of oil and 
of ammonia be reported on a standard tare 
has the following advantages. 

First, that every analytical report will 
give a direct picture of any lot of seed 
both "on arrival" and after it has been 
cleaned and conditioned for crushing opera- 
tions. Second, that we will thereby build 
up a series of data to show the relation, if 
any there be, between the oil and the am- 
monia content of cotton seed and the variety 
of seed, soil, fertilizer, rainfall, cultural prac- 
tices and any other natural or controlled 
factors that may affect seed production. 

Third, if a table of repetends for oil and 
ammonia is prepared, the index may be de- 
termined at any price radical, by simply 
dividing the difference between the analy- 
sis of Basis cotton Seed and the actual per- 
centage of oil and/or  ammonia, and/or  tare, 
by the proper repetends. 

For couvenience in determining the index 
the following terms and formulae are use- 
ful. 

The Reciprocal-~ is the figure representing 
the indicated pounds of oil, plus the indi- 
cated pounds of 8% cake divided by the 
radical. The Radical is the ratio of the value 
of a pound of oil to that of a pound of 8% 
cake. Index 100 is the reciprocal resulting 
from seed analyzing 19.00% oil, 3.5% am- 
monia and 11~c tare. Standard tare is 11%. 

The Quantitative Index is determined by 
dividing the reciprocal resulting from the 
analysis of "As  is" seed by the reciprocal 
of basis seed, or, from analysis of oil and 
ammonia on the basis of a standard tare, 
by the use of repetends. 

~'Sometimes referred to as the cake-oil value. Meloy, G. S., 
The Cotton Oil Press, ~ a y  1928, O. 28, and .Tune 1929, p. 43. 
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T h e  Repetends are  the  p e r c e n t a g e s  of oil, 
of a m m o n i a ,  and  of t a r e  w h i c h  cause  a un i t  
c h a n g e  in the  index ,  and  by  w h i c h  the  dif- 
f e r ence  b e t w e e n  the  p e r c e n t a g e  of  these  fac- 
tors ,  as found  b y  analys is ,  and  the  con-es-  
p o n d i n g  p e r c e n t a g e s  in the  Bas i s  Seed  A n a -  
lysis ,  m a y  be d iv ided  to d e t e r m i n e  the  to ta l  
c h a n g e  in the  index.  

Let a = Reciprocal 
" b = Radical 
" c = Repetend for oil 
" d = Relzetend for ammonia 
" e = % discount on account of F. F. A. 
" f = Change in Index on account of oil 
" g = Change in Index on account of ammonia 
" h ~ Change in Index on account of tare 

and the following formulae may be used to advamage : 

(1) Price of pound of oil 
= b  

Price of pound of 8% cake 
(2) (% oil X 2009) (% NH,~ X 2000) 

+ ~---a 
1~30 8/b 

(3) a 
- -  C 

2000 

(4) 8ab --  100 
- - d  

2O00 

(5) I0 (% F.F.A. - -  2) >( .3 = e 

(6) t.--)~~176 oil ~ i s  seed ~ : (2000-- Excess tare) 

% of oil / 
:: [ Standard tare ,  :(2009) 

(7) ~ % of NH~ 
As is seed ~ : (2000 - -  Excess tare) 

:: ~ % of NH3 (200~) 
Standard tare ) 

(8) (% oil - -  19.00) 
= + f  

c 

(9) ( 1 9 . 0 0 -  % oil) 
- -  f 

C 

(10) (% NH~ - -  3.50) 
= + g  

d 
(11) ( 3 . 5 0 -  % NH~) 

g 

d 
i 

(12) (11.00 - -  actual tare) = +h  

(13) (actual tare - -  11) ~ --h 

(14) 100 ----- f ~ g ----- h ~ Index 

(15) Index X (100% - -  e) ~ Qualitative Index 
of value. 

T h e  a b o v e  f o r m u l a e  inay  be used  to m a k e  
the  f o l l o w i n g  d e t e r m i n a t i o n s .  

No. 1 to determine the radical on any market. 
No. 2 to determine the basis reciprocal on any mar- 

ket. 
No. 3 to determine the percentage of oil in relation 

to the base 19.00%, causing a trait change in 
the index. 

No. 4 to determine the percentage of ammonia in 
relation to the base 3.50%, causing a unit 
change in the index. 

No. 5 to determine the percentage of discounts. 
No. 6 & 7 to reduce "as is" determinations to the 

basis of the standard tare. 
No. 8 & 9 to de'.ermi~:e the number of units of 

change in the index on account of oil. 
No. 19 & 11 to determine the number of units of 

change in the index on account of ammonia. 
No. 12 & 13 to de:ermine the number of units of 

change in tke index on account of tare other 
than standard. 

No. 14 to determine the final index based on oil, 
ammonia and tare. 

No. 15 to determine the relation to the basis quota- 
tion on account of both the quantitative and 
the qualitative analyses. 

In  p r e v i o u s  d i s cus s ions  w e  h a v e  found  
t h a t  ove r  a pe r iod  of y e a r s  the  radica l  has 
a v e r a g e d  5, w h i c h  f igure  has  been  used  in 
d e t e r m i n i n g  the  rec ip roca l ,  555, t ? a t  has  
been  used as par,  or  I n d e x  100. In  n o r m a l  
seasons  t h e r e  w o u l d  p r o b a b l y  be no cr i t i -  
c i sm to the  c o n s t a n t  use of the  radical  5, 
bu t  in seasons  such as the  p r e s e n t  w h e n  the  
p r ice  of oil is l o w  and the  pr ice  of cake is 
r e l a t i v e l y  h igh ,  poss ib ly  the  ac tua l  radica l  
shou ld  be used. W i t h  7 cen t  oil  and $35.00 
cake  the  rad ica l  is 4.00. U s i n g  the  rad ica l  
4..00 g i v e s  a r ec ip roca l  of 598.7 as index  100. 
In  o the r  w o r d s  ou r  s t a n d a r d  or  Basis  Seed  
ana lys i s  w o u l d  be  

Oil NH~ Tare Reciprocal Index 
19.00 - -  3.50 - -  11 = 598.7 ~ 103 

T h i s  w o u l d  c h a n g e  the  r e p e t e n d s  for oil 
and for a m m o n i a  bu t  no t  for  tare.  
The repetend for oil would be 593.7 

- -  .2993 
2000 

(598.7X8X4.00) 
and for ammonia --  2000 = .0958 

103 
A few e x a m p l e s  m i g h t  he lp  to an unde r -  

s t a n d i n g  of the  t heo ry .  F i r s t  let  us cons ide r  
the  e x t r e m e s  of the  p r o b a b l e  v a r i a t i o n s  in 
the  pr ices  of oil  and  cake. F o r  e x a m p l e  
w h a t  is the  index  in seed a n a l y z i n g  20.00% 
oil, 3.70% a m m o n i a  and 11% t a r e?  

(a)  w h e n  oil  is 7 cen t s  and cake $35.00 
(b)  w h e n  oil is 10 cen t s  and cake $40.00 
(c)  w h e n  oil  is 13.5 cen t s  and cake $45.00 
F r o m  f o r m u l a e  Nos.  2, 3 and 4 we find 

f irs t  as f o l l o w s :  
Repetends 

Radical Reziprocal Oil 
( a ) 4.00 598.75 .2993 
(b) 5.00 555.00 .2775 
(c) 6.00 525.83 .2629 

Example (a) 2 0 . 0 0 -  19.C0 
- -  Plus 3.3 

.2993 of oil 
3.7.0 - -  3.50 2.0 

- -  Plus -- 
.095~ 5.3 

NH~ 
.0958 
.1110 
.1262 

on a:count 

o n  a c c o u n t  

of ammonia 
or Index 
105;3 
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Example (b) 20.C0 --  19.00 
- -  Plus 3.6 

.2775 of oil 
3.70 --  3.50 1.8 

= Plus -- 
.111 5.4 

Example (c) 20.00 -- 19.00 
-- Plus 3.8 

.2629 of oil 
3.70 -- 3.50 1.5 

- -  -- Plus -- 
.1262 5.3 

on account 

on account 
of ammonia 
or Index 
105.4 

on account 

on account 
of ammonia 
or Index 
105.3 

The repetends are variable and properly 
so since they represent the weight  to be 
given to each of the two items, oil and am- 
monia, in the determination of the index of 
seed under vary ing  prices of the products.  
W h e n  the value of oil is low, relative to 
the value of cake, more oil and less cake 
effects a unit change in the index, than is 
the case when the value of oil is high rela- 
tive to the value of cake. 

One other  example of the use of repe- 
tends in discovering the quanti tat ive index 
of cot ton seed, might  clarify the proposed 
plan. 

For  examp!e, suppose the report  of the 
chemists  shows that, on the basis of the 
s tandard tare, a certain lot of seed analyze 
20.11% oil, 3.056% ammonia and that the 
actual tare was 16%; what  is the quanti ta-  
tive index when the radical is 5? 
By formula No. 8 
20.11 minus 19 equals 1.111 

which divided by the oil re- 
petend . 2 7 7 5  gives .............................. plus 4.0 on oil 

By formula No. 11 
3.50 minus 3.056 equals .444 

which divided by the ammonia 
repetend .111 gives . . . . . . . . . . . . . . . . . . . . . .  minus 4.0 on ammonia 

t~.v formula No. 12 
1(~ minus 11 equals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  minus 5.0 on tare 
By formula No. 14 

103 plus 4, minus 4, minus 5, equals index 95 
Proof : 

The analysis is basis standard tare 11, actual tare 
is 16. Therefore the quantitv of seed at standard 
tare is 1900 pounds, which will produce 725.8 pounds 
of 8% cake which divided by the radical 5 gives 
145.16 as the number to be added to the indicated 
l'ot, nds of oil. 
1900 pounds seed at20.11% oil 

gives .................................................................. 382.09 pounds of o'I 
add ammonia converted to oil 

as above ......................................................... 145.15 

Divide by standard recip- 
rocal ........................................... 555 ) 527.25 

95 (Index) 
Or the example may be proved by first 

conver t ing the analysis, from the basis of 
s tandard tare, to the basis of the actual 
tare. Us ing  formulae 6 and 7, the analysis 

would be 
19.1045% oil - -  2.90032% NH~ - -  16% tare 

This analysis on the basis of 2000 pounds 
to the ton will give ............... 382.09 pounds of oil 
and 8% cake divided 

by 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145.16 

Reciprocal . . . . . . . . . . . . . . . . . . . . . . . .  527.25 
527.25 divided by 555 gives index of 95.0 
If  this sample also analyzed 5% Free 

Fa t ty  Acids by formula No. 5 we find the 
discount to be 9% 

10 ( 5 - - 2 )  ;K .3 = 9 . 0 0  
And by formula No. 15 that  the qualita- 

tive index is 86.45 
95 )K (100 - -  9) = 86.45 

The index method of evaluat ing cotton 
seed would, of course, be much simplified 
if the use of a constant  radical can be .justi- 
fied. The limits of the variation of the 
radical dtwing a ten year period, including 
the immediate post war  period, has been 
shown to extend from 4.00 to 6.00*. 

The radical 4.00 gives a basis reciprocal 
of 598.7. The radical 5.00 gives a basis re- 
ciprocal of 555.0. The radical 6.(?0 gives a 
basis reciprocal of 525.8. W h e n  the basis 
reciprocal is 5 9 8 . 7  the repetend for oil is 
.2993%. When the basis reciprocal is 555.0 
the repetend for oil is .2775%. W h e n  the 
basis reciprocal is 525.8 the repetend for 
oil is .2629%. 

The maximum deviation from the repe- 
tend of the suggested constant  is .0218% of 
oil, which is well within the usual error of 
check analyses of cotton seed. In addition 
this error  represents .436 pounds of oil per 
ton of seed, which when oil is 10 cents a 
pound amounts  to 4.36 cents error per ton 
of seed. Moreover, the variation in price 
relations dur ing a season would doubtless 
result in plus and minus errors that  would 
average or balance dur ing each season. 
There  appears, therefore, to be no reason 
why  a constant  radical cannot  be used with 
the result ing constant  basis reciprocal. 

The adoption of a constant  radical makes 
possible the use of a simple table of analy- 
ses from which the index of any lot of seed 
may be seen at a glance, provided the ana- 
lyses for oil and ammonia  are calculated 
and reported on a constant  tare and the 
actual tare is determined. Table I is such 
a table in which the figures in each column 
above the basis analysis result in plus 
changes in the index, and those below the 
basis analysis minus changes. The  three 
columns, oil, ammonia  and tare, may  COrn- 

*The Cotton Oil Press, May 1928, page 24. 



138 O I L  & F A T  I N D U S T R I E S  APRIL, 1930 

.plement  or  of fse t  each o t h e r  in the  r e su l t -  
m g  index .  T h e y  c o m p l e m e n t  as in a -a -a -a  
and b-b-b-b .  T h e y  offse t  as in c-c-c-c  and  
d-d-d-d.  

T a b l e  I I  s h o w s  the  i n d e x  of seed con t a in -  
ing  exces se s  of F r e e  F a t t y  Acids .  T h e  quan -  
t i t a t i v e  i n d e x  is found  first ,  as in T a b l e  I ;  
t hen  the  d i s c o u n t  is app l i ed  as in T a b l e  I I .  

TABLE I 

TABLE OF ANALYSES 
SHOWING THE QUANTITATIVE INDEX 

Analyses 
% Oil % Ammonia % Tare 

(Basis Standard Tare) (Actual) Index 
21.77 4.61 1 110 
21.49 4.49 2 109 
21.22 4.38 3 108 
20.94 4.27 4 107 
20.66 4.16 5 106 
20.38 4.05 6 105 (a) 
20.11 (c) 3.94 7 104 
19.83 (a) 3.83 8 103 
19.55 3.72(d) 9 102 
19.27 (d) 3.61 (a) 10 (a) 101 

B 19.00 A 3.50 S 11 (c) I 100(c) s 
18.72 3.38 12 99 (d) 
18.44 (b) 3.27 (b) 13 (b) 98 
18.16 3.16 14 97 
17.89 3.05 (c) 15 (d) 96 
17.61 2.94 16 95 
17.33 2.83 17 94(b) 
17.05 2.72 18 93 
16.78 2.61 19 92 
16.50 2.50 20 91 
16.22 2.39 21 90 

TABLE II 

TABLE SHOWING THE APPLICATION OF DISCOUNTS ON 
ACCOUNT OF EXCESSES OF FREE FATTY ACIDS.* 

The Index of Seed The Index of seed containing 
Containing not over excesses of Free Fatty Acids. 

2% Free Fatty Acids. 2.1% 2.2% 2.3% 2.4% 2.5% 3.0% 4.0% "18.5 
110 109.6 109.3 109.0 108.6 !08.3 106.7 103.4 *55.5 
109 108.6 108.3 108.0 107.6 107.3 105.7 102.4 55.0 
108 107.6 107.3 107.0 106.7 105.3 104.7 101.5 54.5 
107 106.6 105.3 106.0 105.7 105.3 103.7 100,5 54.0 
106 105.6 105.3 105.0 104.7 104.4 102.8 99.6 53.5 
105 104.6 104.3 104.0 103.7 103.4 101.8 98.7 53.0 
104 103.6 103.3 103.0 102.7 102.4 100.8 97.7 52.5 
103 102.6 102.3 102.0 101.7 101.4 99.9 9618 52.0 
102 101.6 101.3 101.0 100.7 100.4 98.9 95.8 51.5 
101 100.6 100.3 100.0 99.7 99.4 97.9 94.9 51.0 
100 99.7 99.4 99.1 98.8 98.5 97.0 94.0 50.5 
99 98.7 98.4 98.1 97.8 97.5 %.0 93.0 49.9 
98 97.7 97.4 97.1 96.8 96.5 95.0 92.1 49.4 
97 96.7 96.4 96.1 95.8 95.5 94.0 91.1 48.9 
96 95.7 95.4 95.1 94.8 94.5 93.1 90.2 48.4 
95 94.7 94.4 9 r 1 93.8 93.5 92.1 89.3 47.9 
94 93.7 93.4 93.1 92.8 92.5 91.1 88.3 47.4 
93 92.7 92.4 92.1 91.8 91.6 90.2 87.4 46.9 
92 91.7 91.4 91.1 90.8 90.6 89.2 86.4 46.4 
91 90.7 90.4 90.1 89.9 89.6 88.2 85.5 45.9 
90 89.7 89.4 89.1 88.9 88.6 87.3 84.6 45.4 

*First determine the index as if there were no excess of Free Fatty Acids and then read across to the index under the 
percentage of acidity as reported in the analysis. 


