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THE EXTRACTION OF OIL AND PROTEIN FROM COTTONSEED 
BY A WATER -GRINDING AND CENTRIFUGING PROCESS 

Introduction 

Development of the cottonseed industry after ex
pansion of cotton production. The increasing population 
throughout the world augmented the need for cotton, In 
response to this need, great improvements were made in 
cotton spinning, weaving, and ginning, and tnese contri
buted to the expansion of the production of cotton. As a 
direct consequence of this expansion, there was a cor
responding increase in the production of cottonseed. The 
problem of disposing of cottonseed, which was a nuisance 
to most of the cotton gins in the nineteenth century (24), 
stimulated efforts toward the commercial development of 
cottonseed processing. 

The development of commercial processing of cotton
seed appeared to have been somewhat retarded by the fact 
that most of the cottonseed had a tough hull covered by 
short lint fiber or fuzz. This made the seed hard to grind , 
reduced the quantity of oil extracted (as the lint absorb
ed some of the oil), and lowered the quality of the cake. 
This difficulty was such that early in the nineteenth 
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century a s m a l l b o t t l e of co t tonseed o i l was produced a t a 

c o s t o f about $12,000 (24) i n c o n t r a s t to the present 

p r i c e of about 17 cen ts per pound. T h i s d i f f i c u l t y , how

ever , was overcome by the i n v e n t i o n of the h u l l e r . 

The i n v e n t i o n o f the h u l l e r and the g r e a t demand 

f o r o i l by the S o u t h i n the c i v i l war created an a p p r e 

c i a t i o n i n the Amer ican people f o r the u s e f u l n e s s o f c o t t o n 

seed p r o d u c t s (29). T h i s might be one of the f a c t o r s 

tha t c o n t r i b u t e d to the w i d e - s c a l e development of c o t t o n 

seed p r o c e s s i n g i n the Un i ted S t a t e s t o a greater extent 

than i n any other c o t t o n producing c o u n t r y . 

Cot tonseed p r o c e s s i n g . The f i r s t r e c o r d o f the 

c r u s h i n g o f c o t t o n s e e d to o b t a i n o i l or cake a p p a r e n t l y 

d a t e s back to the e a r l y Hindu w r i t i n g (34). I t i s a l s o 

recorded t h a t i n the e a r l y s t a g e of h i s t o r y the Ch inese 

were a l r e a d y u s i n g the wedge p r e s s f o r co t tonseed c r u s h 

i n g ( 1 7 ) . " I t i s n o t improbable t h a t co t tonseed o i l as a 

food and co t tonseed cake a s a feed i n some form was known 

to t h a t a l l - w i s e p e o p l e , the C h i n e s e , many hundred y e a r s 

a g o M a s repor ted by A l l i s o n (17). 

The co t tonseed p r o c e s s i n g i n d u s t r y i n the U n i t e d 

S t a t e s was s t a r t e d i n 1#92 (43) when the f i r s t s u c c e s s f u l 

m i l l f o r p r e s s i n g o i l was b u i l t a t N a t c h e z , M i s s i s s i p p i . 

Up to the p r e s e n t , n e a r l y a l l co t tonseed was p rocessed by 

the h y d r a u l i c p r e s s , and the remainder by the e x p e l l e r or 

screw p r e s s . R e c e n t l y , however, a few s o l v e n t e x t r a c t i o n 
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plants have been erected for the extraction of cottonseed 
oil, The cottonseed oil, by far the most valuable of the 
cottonseed products, maintained its position as the num
ber one source of domestic vegetable oils until 1944. In 
that year, it was outranked by soybean oil. One of the 
several reasons for the increase of soybean oil utiliza
tion might be that it is more easily manipulated than 
cottonseed. Therefore a better method for cottonseed pro
cessing seems necessary if cottonseed is to be restored 
to its former supremacy. 

Disadvantages of press -processing method. The hy
draulic press system has two intermittent operations, the 
cooking and the pressing, which must be coordinated. It 
is not flexible in operation and requires an excessive 
amount of manual labor. The direct labor charge has been 
shown to be 22 per cent of the total cost of crushing a 
ton of cottonseed (23). 

The expeller or screw press method has the advan
tage of continuous operation with its resulting lower la
bor cost, and the elimination of press cloth (3), but it 
has certain inherent disadvantages that result in a lower 
grade of oil and meal. It is necessary to include more 
hull material in the expeller feed to get a free oil flow. 
This gives a lower protein meal and a less pure oil. Fur
thermore, the high temperature operation in the expeller 
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c a u s e s e x c e s s i v e d e n a t u r a t i o n o f the p r o t e i n . T h i s w i l l 

produce even -poorer n r o t e i n than the h y d r a u l i c p r e s s . 

The cooking o p e r a t i o n , a n e c e s s i t y w i t h e i t h e r the 

h y d r a u l i c or e x p e l l e r p r e s s i n g o p e r a t i o n , r e q u i r e s c o n s i d 

e r a b l e equipment a s w e l l a s steam and power. The meats must 

be h e l d i n the cookers f o r a p e r i o d o f approx imate ly one 

h o u r , which r e q u i r e s t h a t the cookers be o f l a r g e c a p a c i t v 

i n order t o a v o i d a b o t t l e n e c k a t t h i s p o i n t . 

The prime purpose o f c o o k i n g i s to f a c i l i t a t e r e 

moval o f the o i l ; however, cook ing i s known t o denature 

the p r o t e i n i n such a way a s to reduce the u s e f u l n e s s of 

such p o t e n t i a l l y v a l u a b l e i n d u s t r i a l raw m a t e r i a l (31). 

A t the same time such denatured p r o t e i n a l s o d e c r e a s e s 

the n u t r i t i v e v a l u e o f the meal (32). G o l d o v s k i (20) r e 

por ted t h a t i n the p r e s s p rocess the amount of p r o t e i n de 

natured i s about 28 per c e n t . 

D i s a d v a n t a g e s of s o l v e n t e x t r a c t i o n method. Th© 

p r e s s p r o c e s s i s f a r f rom e f f e c t i v e by present day s t a n d 

a r d s o f i n d u s t r y . There i s no doubt t h a t such a p r o c e s s 

s h o u l d be d i s p l a c e d sooner or l a t e r . I t i s the p resent 

t rend to r e p l a c e the p r e s s method w i t h the s o l v e n t e x t r a c 

t i o n method f o r p r o c e s s i n g c o t t o n s e e d . I n f a c t a few such 

e x t r a c t i o n p l a n t s have a l r e a d y been e s t a b l i s h e d i n t h i s 

i n d u s t r y . There a re many advantages over p r e s s methods. 

The l a b o r c o s t i s l o w . No data i s a v a i l a b l e f o r the l a b o r 
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c o s t of p r o c e s s i n g cot tonseed by t h i s method. However, 

f i g u r e s f o r p r o c e s s i n g soybeans show that the d i r e c t l a b o r 

c o s t i s about 14.5 per cent of tha t o f the t o t a l (5), The 

o i l y i e l d i s h i g h . There i s on ly about one per cent o i l 

l e f t i n the cake or meal from the s o l v e n t e x t r a c t i o n 

p r o c e s s a s c o n t r a s t e d w i t h the 6-7 per cent o i l i n the 

p r e s s cake . The p r o t e i n i n the meal i s o n l y s l i g h t l y d e 

natured s i n c e no d r a s t i c h e a t i n g of the seeds i s n e c e s s a r y . 

However, there are some d i s a d v a n t a g e s i n s o l v e n t ex

t r a c t i o n which s h o u l d not be o v e r l o o k e d . F i r s t o f a l l , 

the h i g h c o s t o f the equipment f o r the s o l v e n t e x t r a c t i o n 

p l a n t makes the replacement o f the c r u s h i n g p r o c e s s w i t h 

s o l v e n t e x t r a c t i o n v e r y e x p e n s i v e . The p roducts ob ta ined 

f rom s o l v e n t e x t r a c t i o n are o i l and meal o n l y . I f t h e p r o -

t e i n i s d e s i r e d , f u r t h e r t reatment of the meal f o r i t s 

i s o l a t i o n i s r e q u i r e d . T h i s w i l l c a l l f o r a d d i t i o n a l e q u i p 

ment . 

A l t h o u g h d i r e c t s o l v e n t e x t r a c t i o n has been recom

mended f o r many y e a r s (27, 38, 39, 44, 47) a s a method f o r 

p r o c e s s i n g co t tonseed f o r o i l , i t has on ly r e c e n t l y been 

a p p l i e d on an i n d u s t r i a l s c a l e i n the Un i ted S t a t e s , and 

does not appear to be w i d e l y p r a c t i c e d i n other c o u n t r i e s . 

& I n the b a t c h process f o r s o l v e n t e x t r a c t i o n , how -
e v e r , the d e n a t u r a t i o n may amount to 40 per cent a s was r e 
p o r t e d by G-oldovski (20). 
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E x a m i n a t i o n of the l i t e r a t u r e on the s u b j e c t (33, 35) i n 

d i c a t e s tha t s o l v e n t e x t r a c t i o n o f co t tonseed p resen ts 

many prob lems, c h i e f among which i s tha t i n v o l v i n g the 

complex pigment system which i s present i n c o t t o n s e e d . 

T h i s unique sys tem o f pigments i n the k e r n e l of the c o t t o n 

seed not on ly d i f f e r e n t i a t e s t h i s seed f rom o thers but 

p o s e s problems which are not encountered i n the s o l v e n t 

e x t r a c t i o n of o t h e r commercial o i l s e e d s . A l t h o u g h the 

c o n t r o l of c o l o r i s not the o n l y d i f f i c u l t y , i t i s one of 

the p r i n c i p a l ones encountered i n a p p l i c a t i o n o f s o l v e n t e x 

t r a c t i o n t o co t tonseed on an i n d u s t r i a l s c a l e . 

Fur thermore , Wi ther and C a r r u t h (45) d i s c o v e r e d 

tha t g o s s y p o l , one o f the p r i n c i p a l p igments p resent i n 

c o t t o n s e e d , a lone c o u l d produce the symptons a s s o c i a t e d 

w i t h the s o - c a l l e d co t tonseed i n j u r y produced i n l i v e 

s t o c k by f e e d i n g o f c o t t o n s e e d i n l a r g e q u a n t i t y . I f 

the s o l v e n t , a s commonly employed i n s o l v e n t e x t r a c t i o n , 

p o s s e s s e s no s o l v e n t e f f e c t on those p i g m e n t s , the meal 

would c o n t a i n most o f the o r i g i n a l p igments of the s e e d . 

Such m e a l s , t h e r e f o r e , cou ld not be used a s f e e d s t u f f s 

w i thout f u r t h e r t rea tment . 

Development o f w a t e r - g r i n d i n g p r o c e s s . I n view of 

the d i s a d v a n t a g e s i n the present p r o c e s s e s f o r co t tonseed 

a s c i t e d a b o v e , i t i s d e s i r a b l e t o develop a method f o r 

p r o c e s s i n g c o t t o n s e e d w i th the f o l l o w i n g improvements a s 

an a im: 



7 

(1) the process msut be continuous in order to re
duce the direct labor cost, 

(2) the operation is conducted to comparatively low 
temperature in order to cause as little denaturation of 
the protein as possible, 

(3) the operation is such that the protein can be 
produced simultaneously so that much additional equip
ment for its isolation is not necessary, 

(4) the process is such that the gossypol does not 
present too great a problem, and 

(5) the euqipment required is not too expensive, so 
that replacement of the present process would be feasible. 

The water-grinding process, the technology of 
which is to be described below, is operated chiefly with 
grinding mills and centrifuge. The process may be made 
continuous, thus reducing the labor cost. Since water is 
the extraction medium, explosion hazards are eliminated. 
The main operation is conducted at a temperature of about 
60°C, so that denaturation of the protein is not likely 
to occur. The process is designed in such a way that in 
one process the meal, the oil and the protein are simul
taneously produced. Lastly, the equipment required, which 
consists chiefly of mills and centrifuges, is not as ex
pensive as that used in solvent extraction. Therefore 
it seems that the development of the water-grinding pro
cess would be one possible improvement in cottonseed in
dustry. 



Technology of Water-grinding Process 

In the extraction cf vegetable oil with the water-
grinding process, the seed is pre-treated and cleaned as 
in the ordinary process. The cleaned seed thus obtained 
is used as raw material. 

It has been well known that water may displace the 
oil from seed. Several Russian mills are employing the 
Skinin process (40) at a relatively hi^h moisture content 
in cooking oil seed in order to accomDlish displacement 
of the oil. The water-grinding process, making use of the 
same principle, employ a relatively large volume of water 
as a medium for extraction of the oil. The oilseed is 
ground so that the surface of it will be accessible for 
water to displace the oil. Because of the presence of 
protein, the oil is usually separated out in form of an 
emulsion consisting of a small portion of protein and water. 
Pure oil is set free from this emulsion by special methods 
of breaking. 

Thus, the water-grinding process consists of four 
main operations: 

1. Grinding of cleaned cottonseed with water to form 
a slurry; 

2. Clarification of the slurry, the materials produced 
being clarified slurry and cake (solid residue). 
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3. S e p a r a t i o n of the c l a r i f i e d s l u r r y i n t o an o i l -

phase emuls ion and a p r o t e i n d i s p e r s i o n ; and 

4. P r e c i p i t a t i o n o f the p r o t e i n from the d i s p e r s i o n . 

By the w a t e r - g r i n d i n g method, f o u r c l a s s e s o f p r o 

duc ts are o b t a i n e d : 

1 . Cake , o r the i n s o l u b l e m a t e r i a l s c o r r e s p o n d i n g to 

the o r d i n a r y cake or m e a l , which may be used a s 

l i v e s t o c k f e e d , 

2. P r o t e i n , which i s a p o t e n t i a l i n d u s t r i a l m a t e r i a l f o r 

p l a s t i c s (36), a d h e s i v e s (4), or f i b e r s (4), 

3. O i l , which i s m a i n l y used a s f o o d , and 

4. S u g a r - c o n t a i n i n g l i q u o r s which may be u t i l i z e d f o r 

a l c o h o l f e r m e n t a t i o n or y e a s t growth (20). 

A f l o w sheet o f t h i s p r o c e s s i s shown i n F i g u r e 1 . 
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F i g . 1. F low Sheet of W a t e r - g r i n d i n g 
P r o c e s s f o r Cot tonseed 

Produc ts O p e r a t i o n A p p a r a t u s 

Cake 4 

O i l 4-
P r o t e i n ^-

Sampl ing 

G r i n d i n g •Wet 

W i l e y M i l l 

S u p p l e m e n t a r y — 

M i k r o p u l v e r i z e r 

Pebble M i l l 

C l a r i f i c a t i o n 

F l e t c h e r 
c e n t r i f u g e 

or 
S h a r p i e s Super-

c e n t r i f u g e 

S e p a r a t i o n 

i 

B r e a k i n g o f o i l - p h a s e 

S h a r p i e s Super• 
c e n t r i f u g e 

or 
De L a v a l 

c e n t r i f u g e 

P r e c i p i t a t i o n o f p r o t e i n 

Sugar s o l u t i o n ^ -
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Exper imenta l Work w i t h W a t e r - g r i n d i n g Method 

A f t e r a s e r i e s of p r e l i m i n a r y exper iments , a g e n e r a l 

scheme of procedure was adopted as d e s c r i b e d below. 

P r e p a r a t i o n of Sample . For each experiment a c e r 

t a i n amount of co t tonseed was weighed o u t . Wi th a few ex

c e p t i o n s , each sample was f i r s t d ry ground i n a W i l e y m i l l . 

The ground sample was then mixed w i th an a p p r o p r i a t e p r o 

p o r t i o n of water ( u s u a l l y a t a r a t i o o f 10:1 or 8 : 1 ) . The 

desire-d pH v a l u e o f the mixture was ob ta ined by add ing 

e i t h e r d i l u t e h y d r o c h l o r i c a c i d or sodium hydrox ide s o l u 

t i o n . A f t e r m i x i n g f o r ten m i n u t e s , the mixture was ready 

f o r wet g r i n d i n g . 

G r i n d i n g . The purpose of g r i n d i n g i s to rup ture 

the seed c e l l s s o t h a t the o i l may be e a s i l y d i s p l a c e d 

and e x t r a c t e d . S e v e r a l t ypes o f g r i n d i n g m i l l s have been 

employed f o r wet g r i n d i n g cot tonseed samples under v a r i o u s 

c o n d i t i o n s . Both s i n g l e - a n d m u l t i p l e-stage g r i n d i n g s w e r e 

t r i e d . I t was f i n a l l y dec ided to employ the m i k r o p u l v e r i -

zer f o r most s i n g l e - s t a g e wet g r i n d i n g and the m i k r o p u l v e r i -

zer and pebble m i l l f o r m u l t i p l e - s t a g e wet g r i n d i n g . A 

W i l e y m i l l was used f o r p r e l i m i n a r y dry g r i n d i n g . 

W i l e y M i l l : The W i l e y m i l l (model No . 2 , manufac

tured by Ar thur H . Thomas C o . , P h i l a d e l p h i a ) was used f o r 

dry c o a r s e g r i n d i n g a s p r e l i m i n a r y treatment f o r s u b s e 

quent wet g r i n d i n g . T h i s machine c o n s i s t s o f a s e t o f 
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r e v o l v i n g k n i v e s which r o t a t e p a s t a s e t of s ta t ionary -

k n i v e s . The comminuting a c t i o n i s t h a t of c u t t i n g . Such 

coarse g r i n d i n g was h e l p f u l i n d i s i n t e g r a t i n g the h u l l s 

tha t m i g h t not be broken down i n wet g r i n d i n g . 

M i k r o p u l v e r i z e r : The m i k r o p u l v e r i z e r (manufactured 

by P u l v e r i z i n g Machinery C o . ) was used f o r wet g r i n d i n g . 

T h i s machine i s e s s e n t i a l l y a h i g h speed hammer m i l l . 

The co t tonseed was wet ground a t v a r i o u s exper imenta l pH 

v a l u e s . The water t o seed r a t i o was 10:1 or sometimes 8:1. 

I f the co t tonseed sample had been p r e l i m i n a r i l y d r y - g r o u n d 

w i t h the W i l e y m i l l and was to be t r e a t e d wi th a m u l t i p l e -

s t a g e g r i n d i n g , i t was u s u a l l y ground twice i n the m i k r o 

p u l v e r i z e r w i t h a N o . 027 s c r e e n . I f the sample was t o 

be p r o c e s s e d w i t h the m i k r o p u l v e r i z e r a l o n e , i t was 

u s u a l l y n e c e s s a r y to p a s s the s l u r r y th rough the machine 

s e v e r a l t imes to a s s u r e s a t i s f a c t o r y re f inement . This was 

performed by g r i n d i n g the sample three t imes w i t h a No. 

027 s c r e e n , and another three t imes w i th a IMO. 020 sc reen 

(a f i n e r mesh s c r e e n ) . 

Pebble M i l l : The pebble m i l l employed was manu

f a c t u r e d by P a u l 0. Abbe I n c . , L i t t l e F a l l , N . J . P e b b l e s 

of s m a l l s i z e were u s e d . T h i s m i l l e x e r t s a m u l t i t u d i n o u s 

po in t p r e s s u r e on the seed which p r o v i d e s a f a v o r a b l e 

c o n d i t i o n f o r c r u s h i n g the o i l - b e a r i n g c e l l s c o m p l e t e l y . 

However, s t r a i g h t g r i n d i n g w i t h t h i s machine alone was not 
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e f f e c t i v e . There fo re , the pebble m i l l was u s u a l l y used a s 

a supplementary g r i n d i n g t o o l . I f such g r i n d i n g was p r e 

ceded by another p r e l i m i n a r y g r i n d i n g , e s p e c i a l l y w i t h 

the m i k r o p u l v e r i z e r , the o i l r e t e n t i o n i n the i n s o l u b l e 

m a t e r i a l s c o u l d be reduced to a g r e a t e x t e n t . Qui te a 

few experiments were performed by such combinat ions of 

g r i n d i n g . 

The s l u r r y o b t a i n e d by wet g r i n d i n g c o n s i s t e d of 

an emuls ion o f o i l , s o l u t i o n of p r o t e i n and c a r b o h y d r a t e s , 

and s u s p e n s i o n of s o l i d s . 'J-'he mix ture was warmed to 6 0 ° b . , 

and ad jus ted T O a d e s i r e d pH va lue w i t h d i l u t e h y d r o c h l o r i c 

a c i d or sodimr hydrox ide s o l u t i o n . A f t e r s t i r r i n g w e l l 

f o r f i f t e e n to twenty m i n u t e s , the mixture was ready f o r . 

c l a r i f i c a t i o n . 

C l a r i f i c a t i o n . C l a r i f i c a t i o n i s the p r o c e s s of 

s e p a r a t i n g the i n s o l u b l e m a t e r i a l s from the s l u r r y o b 

t a i n e d i n g r i n d i n g . I t W A S A C C O M P L I S H E D by u s i n g e i t h e r 

a F l e t c h e r c e n t r i f u g e or a S h a r p i e s s u p e r c e n t r i f u g e . 

Sometimes a combina t ion of the two c e n t r i f u g a t i o n p r o c e s s e s 

was employed. The F l e t c h e r c e n t r i f u g e i s a s o l i d b a s k e t 

type of 1 2 - i n c h d iameter , manufactured by the F l e t c h e r 

C o . I t r o t a t e s a t a speed o f 2 1 0 0 rpm. The S h a r p i e s 

s u p e r c e n t r i f u g e i s the type T / j . 1 - 2 4 . The r a t e of r o t a t i o n 

i s a d j u s t a b l e . For the F l e t c h e r c e n t r i f u g e , the f l o w was 

c o n t r o l l e d a t a r a t e o f not more than three g a l l o n s per 
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hour . For the s u p e r c e n t r i f u g e , the f o l l o w i n g c o n d i t i o n s were 

p rov ided : 

N o . o f the r i n g #5 0 

Temperature 60 C . 
RPM. 40,000 
Nozz le medium 

I n t h i s p r o c e s s , the i n s o l u b l e m a t e r i a l s were r e t a i n e d i n 

the c e n t r i f u g e , w h i l e the c l a r i f i e d s l u r r y was d ra ined o f f 

f o r f u r t h e r t rea tment . The s o l i d s i n the c e n t r i f u g e were 
. o 

washed w i t h a s m a l l amount of warmed water (60 C . ) , c e n t r i -

fuged dry and d r i e d i n a d r y i n g oven a t 110°C. T h i s was 

the product c a l l e d by the c o n v e n t i o n a l name " c a k e " , c o r r e 

sponding to the meal t h a t might be used a s f e e d s t u f f . The 

cake was a n a l y s e d f o r i t s o i l content , n i t r o g e n content 

and g o s s y p o l c o n t e n t . 

The c l a r i f i e d s l u r r y c o n s i s t e d of the o i l i n emul

s i o n and the p r o t e i n t o g e t h e r w i t h some other s o l u b l e 
, o 

m a t e r i a l s i n s o l u t i o n . I t was warmed a g a i n to 60 C . 

a f t e r the pH was r e a d j u s t e d to the d e s i r e d va lue by add ing 

a c i d or b a s e , and w e l l s t i r r e d f o r f i f t e e n m i n u t e s . The 

s l u r r y was now ready f o r the s e p a r a t i o n p r o c e s s . 

S e p a r a t i o n . The s e p a r a t i o n was performed w i t h e i t h e r 

a S h a r p i e s s u p e r c e n t r i f u g e or a DeLava l c e n t r i f u g e . The 

s u p e r c e n t r i f u g e was the same a s t h a t d e s c r i b e d f o r the 

c l a r i f i c a t i o n p r o c e s s . The De L a v a l c e n t r i f u g e was a 
s m a l l l a b o r a t o r y model . The c o n d i t i o n s f o r o p e r a t i n g the 
s u p e r c e n t r i f u g e were a s f o l l o w s : 
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N o . of the r i n g 
Temperature . . 
RFM 
Nozz le 
pH 

# 7 i or #8 60°C. 
40,000 

s m a l l 
9-10 

The c o n d i t i o n s f o r o p e r a t i n g the De L a v a l c e n t r i f u g e were 

as f o l l o w s : 

T h i s p r o c e s s was performed f o r the purpos e o f s e p a r a t i n g 

the o i l from the p r o t e i n and o ther s o l u b l e m a t e r i a l s i n 

the s l u r r y . The o i l - p h a s e , i n the form o f concent ra ted 

emuls ion of o i l i n p r o t e i n s o l u t i o n , has a s p e c i f i c g r a v i t y 

l e s s than t h a t of the aqueous p h a s e , '^hus, the products o f 

t h i s s e p a r a t i o n p r o c e s s are (1) o i l - p h a s e , and (2) d e f a t t e d 

s l u r r y . 

Treatment o f o i l - p h a s e . The o i l - p h a s e which was 

composed of an average o f 70 per cent o i l , 19 per cent 

water and 11 per cent p r o t e i n , was e a s i l y d e - e m u l s i f i e d by 

h e a t i n g a t a temperature range of from 90°C. to 120°C. The 

o i l so obta ined u s u a l l y had a dark c o l o r . I n l a t e r ex

per iments the o i l - p h a s e was d e - e m u l s i f i e d by s t r o n g a g i t a 

t i o n w i t h a War ing B l e n d e r a t a s t a r t i n g temperature of 

60°C. The optimum pH va lue f o r t h i s method of d e - e m u l s i -

f i c a t i o n was found t o be between 5 and 6. The o i l so o b 

t a i n e d was much l i g h t e r i n c o l o r . Each o i l sample was a n a 

l y s e d f o r i t s c o l o r and g o s s y p o l c o n t e n t . 

N o . of the r i n g 
Temperature . . 
R a t e 
PH 
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P r e c i p i t a t i o n of p r o t e i n . The de fa t ted s l u r r y o b 

t a i n e d f rom the s e p a r a t i o n process was then c a r e f u l l y 

a c i d i f i e d w i t h d i l u t e h y d r o c h l o r i c a c i d or w i t h s u l f u r d i 

oxide g a s t o a pH o f 4.0. A t t h i s p o i n t the p r o t e i n p r e 

c i p i t a t e d out from the d i s p e r s i o n T h i s was c e n t r i f u g e d 

and the s o l u t i o n was decanted o f f . The p r o t e i n was d r i e d 

i n an oven a t a temperature of 50°C. The p r o t e i n was ana 

l y s e d f o r i t s o i l c o n t e n t , n i t r o g e n c o n t e n t , and g o s s y p o l 

c o n t e n t , 

The remain ing s o l u t i o n was y e l l o w i s h and c l e a r . I t 

con ta ined the s o l u b l e m a t e r i a l s o f c o t t o n s e e d . i\'o f u r t h e r 

s t u d y was made w i t h t h i s s o l u t i o n . 

pH v a l u e i n d i f f e r e n t o p e r a t i o n s . The b a s i c p r i n 

c i p l e o f t h i s w a t e r - g r i n d i n g method i s the s e p a r a t i o n of 

a c o l l o i d a l s o l u t i o n i n t o i t s components. I n the p r e p a r a 

t i o n o f t h i s c o l l o i d a l s o l u t i o n , optimum c o n d i t i o n s must 

be p r o v i d e d f o r making these components s u b s e q u e n t l y e a s i 

l y s e p a r a b l e . S i n c e the s o l u t i o n i s c o l l o i d a l i n n a t u r e , 

i t s s t a b i l i t y i s i n f l u e n c e d by i t s pH. W i t h t h i s p o i n t 

o f v iew, samples were prepared by c o n t r o l l i n g the pH v a 

lue o f the s l u r r y . The i n f l u e n c e o f the pH v a l u e on the 

exper imenta l r e s u l t s c o u l d be e a s i l y o b s e r v e d . T h i s w i l l 

be d i s c u s s e d l a t e r . 

I n the sequence o f o p e r a t i o n s o f c l a r i f i c a t i o n and 

s e p a r a t i o n the p r o t e i n must be kept i n d i s p e r s i o n so tha t 

i t w i l l no t be s e p a r a t e d out w i t h the cake d u r i n g 
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F i g . 2. Percentage of t o t a l n i t r o g e n p e p t i z e d i n 
co t tonseed meal and i s o l a t e d p r o t e i n a t d i f f e r e n t pH 
v a l u e s . 

c l a r i f i c a t i o n or w i t h the o i l d u r i n g s e p a r a t i o n . A know

ledge of the s o l u b i l i t y o f p r o t e i n i s n e c e s s a r y , and f o r 

t u n a t e l y the s o l u b i l i t y data f o r co t tonseed p r o t e i n are 

a v a i l a b l e {IS). 

The p e p t i z a t i o n curve f o r c o t t o n seed p r o t e i n a t 

v a r i o u s pH v a l u e s i s d e p i c t e d i n F i g u r e 2. The pH v a l u e s 

a re v a r i e d by the a d d i t i o n o f a p p r o p r i a t e amounts of h y d r o 

c h l o r i c a c i d or sodium h y d r o x i d e . 
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T h i s curve shows t h a t the co t tonseed p r o t e i n f rom e i t h e r 

meal or i s o l a t e d p r o t e i n can be pept i zed both i n the a c i d 

range (pH 0-75 to 2 .5) and i n the a l k a l i n e range (pH 7 t o 

1 2 ) . The p e p t i z a b i l i t y i n the a l k a l i n e range i s much 

g r e a t e r than i n the a c i d r a n g e . E s p e c i a l l y i s t h i s t rue 

f o r co t tonseed m e a l . T h e r e f o r e , i n conduct ing the c l a r i 

f i c a t i o n and s e p a r a t i o n p r o c e s s e s , i t was dec ided to a d 

j u s t the pH v a l u e o f the s l u r r y t o a t l e a s t 8 or h i g h e r 

i n order to keep the p r o t e i n w e l l i n d i s p e r s i o n . 

The curve i n F i g u r e 2 a l s o r e v e a l s tha t the m i n i 

mum p e p t i z a t i o n i s i n the pH range o f f rom 3 to 5• T h i s 

zone i s s e v e r a l pH u n i t s broader i n the case o f c o t t o n 

seed meal than f o r peanut meal ( 1 0 ) . For the bes t i s o l a 

t i o n , the pH va lue o f 4 was chosen a s the i s o e l e c t r i c 

p o i n t f o r the p r e c i p i t a t i o n of p r o t e i n f rom the d e f a t t e d 

d i s p e r s i o n . 
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Exper imenta l R e s u l t s and D i s c u s s i o n 

The scope o f t h i s i n v e s t i g a t i o n i s to f i n d the 

optimum c o n d i t i o n s so tha t co t tonseed may he s e p a r a t e d 

i n t o u s e f u l p r o d u c t s by the w a t e r - g r i n d i n g p r o c e s s . About 

s i x t y exper iments have been performed, the f i r s t f i f t e e n 

of which were mere ly t r i a l s . R e s u l t s f rom t r i a l s are not 

t o be i n c l u d e d i n t h i s d i s c u s s i o n . 

For the purpose of d i s c u s s i o n , experiments are 

c l a s s i f i e d i n t o four g r o u p s : 

1 . P r e l i m i n a r y s e t of exper iments , 

2 . Exper iments to reduce o i l content i n c a k e , 

3 . Exper iments to reduce o i l content i n p r o t e i n , and 

4 . A n a l y s i s o f p r o d u c t s . 

P r e l i m i n a r y s e t of exper iments . I t h a s been men

t i o n e d before ( p . 1 8 ) , tha t the cot tonseed p r o t e i n can 

be pep t i zed e a s i l y on the a l k a l i n e s i d e of i t s i s o e l e c 

t r i c p o i n t . P r e l i m i n a r y exper iments were performed w i th 

the pH v a l u e s r a n g i n g from 8 t o 1 0 . 5 . The r e s u l t s from 

these s l i g h t l y a l k a l i n e o p e r a t i o n s are shown i n T a b l e I . 



T A B L E I . 

D I S T R I B U T I O N O F O I L AMONG T H E P R O D U C T S I N S L I G H T L Y A L K A L I N E O P E B A T I C N 

R u n N o . 

Q - p e r a t i o n De s c r i p t i o n 

•pH v a l u e 

G r i n d i n g C l a r i f i c a t i o n S e p a r a t i o n 

O i l D i s t r i b u t i o n a m o n g P r o d u c t s 

Cake 
W t . i n O i l I O i l W t . 

j i n g m . 

P r o t e i n 
W t . i n | O i l $ O i l f t . 

i n gm. 
O i l - p h a s e 

W t . i n 

gm. 
O i l W t , 

i n gm. T o t a l W t . i n gm, 
O i l 1 N o n - o i l 

R a t i o 

O i l / N o n - o i l 

j 17 
i * 

1 I S 

19 16' 21 23 25 27 

10.5 10.5 10.5 10.5 9.0 10.5 10.5 10.5 

10.5 s.o 10.5 
8.0 9.0 10.5 10.5 10.5 

10.5 10.0 10. p s.o 
8.5 
S . O 

9.0 
10.0 

227 
219 210 210 203 2l4 

S.96 7.93 9.45 
13.49 11.05 11.05 12.01 11.59 

1 8 . 0 

29.6 23.1 23-1 24.4 
24.S 

297 351 342 
324 
324 

24.72 22.59 
28.75 1S.24 26.66 27.85 22.15 
25.05 

99-0 
81.4 2 8 0 

162 196 
54.4 210 ! 1*7 231 > 

1 
726 ; 0.32 : 1 j 93.3 240 168 285 j S O I 0.36 : 1 j 9̂5 244 170 2 8 8 ; 796 O.36 : 1 | 71.8 296 206 302: 

• 

8 2 2 0.37 i 
: 1 j 

8 1 . 2 279 195 3011 817 0.37 i 
: 1 | 

(1) W e i g h t o f c o t t o n s e e d s a m p l e i n e a c h e x p e r i m e n t i s 1000 g r a m s . 
( 2 ) T h e c o t t o n s e e d w a s f i r s t g r o u n d d r y i n W i l e y m | l l ; t h e n w e t g r o u n d i n m i k r o p u l v e r i z e r . 
(3) S h a r p i e s s u p e r c e n t r i f u g e w a s u s e d i n c l a r i f i c a t i o n . 
CO D e L a v a l c e n t r i f u g e w a s u s e d i n s e p a r a t i o n , e x e e p t t h o s e m a r k e d w i t h , i n w h i c h c a s e s S h a r p i e s s u p e r c e n t r i f u g e w a s e m p l o y e d . 
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The co t tonseed which was used a s raw m a t e r i a l i n 

t h i s s t u d y was s u p p l i e d by the Buckeye Co t ton O i l C o . , 

A t l a n t a , G e o r g i a . I t was produced i n G e o r g i a . The a n a l y 

s i s o f the c o t t o n s e e d showed the f o l l o w i n g r e s u l t s : 

O i l content 31.04% (on sample r e c e i v e d ) 

M o i s t u r e 7.81$ 

P r o t e i n 31.2$ 

G o s s y p o l 5.81 mg. per 1000 g . 

C a l c u l a t i n g on the b a s i s o f the a n a l y s i s , 1000 grams o f 

a i r - d r y c o t t o n s e e d i s e q u i v a l e n t to 921.9 grams of m o i s 

ture f ree c o t t o n s e e d , of which 310.4 grams i s o i l . 

From exper iments such a s Runs N o s . 21, 23, 25, and 

27 i n Tab le I , i t i s found t h a t the t o t a l we ight o f o i l 

d i s t r i b u t e d among the three p roduc ts - cake , p r o t e i n , 

and o i l , - i s 285-302 g r a m s . I t was a l s o found t h a t the 

l o s s of o i l - p h a s e i n the d i s c s of the De Lava l c e n t r i f u g e 

a lways amounted to 10 to 20 g r a m s . That i s to s a y , the 

o i l l o s t i n o p e r a t i o n was about 7 to 14 g r a m s . Such o p 

e r a t i o n a l l o s s may be e l i m i n a t e d or reduced t o a minimum 

i n c o n t i n u o u s o p e r a t i o n . The sum o f the o i l l o s s p l u s 

the t o t a l we ight found amount to 96 per cent o f the o r i 

g i n a l o i l content i n c o t t o n s e e d . I f c o n d i t i o n s c o u l d be 

prov ided so t h a t the e x t r a c t a b l e p o r t i o n o f o i l c o u l d be 

r e s t r i c t e d i n the o i l - p h a s e i n s t e a d o f be ing w i d e l y 

d i s t r i b u t e d among the p r o d u c t s , i t would be p o s s i b l e t o 



22 

have an o i l y i e l d o f about 96 per cent by t h i s p r o c e s s . 

The t o t a l we ight o f p r o d u c t s i n these experiments exceeded 

that of the raw m a t e r i a l . Such excess was due to the i n 

c l u s i o n o f some water both i n the o i l and i n the p r o t e i n . 

I n the l a s t column o f Table I the we ight r a t i o o f the 

o i l to n o n - o i l m a t e r i a l s i s f s i r l y c o n s t a n t , i n d i c a t i n g 

the c o n s i s t e n c y of the r e s u l t s . 

Exper iments on r e d u c t i o n o f o i l content i n c a k e . 

I n the p r e l i m i n a r y s e t o f exper iments , the o i l content 

o f the cake u s u a l l y was found t o be h i g h . Such h i g h o i l 

c o n t e n t s may be a t t r i b u t e d to r e t e n t i o n by the o i l c e l l s 

which had not been s a t i s f a c t o r i l y ruptured i n the g r i n d 

i n g p r o c e s s , or to poor c l a r i f i c a t i o n o f the s l u r r y . I t 

h a s been c la imed t h a t s a t i s f a c t o r y rupture o f the o i l c e l l s 

might be a t t a i n e d by s u b j e c t i n g the m a t e r i a l to a m u l t i 

tud inous p o i n t p r e s s u r e e f f e c t . The pebble m i l l would 

serve f o r t h i s purpose i f such was the c a s e . However, i t 

was found t h a t the pebble m i l l a lone c o u l d not g r i n d the 

seed s a t i s f a c t o r i l y . There fore a s e t o f experiments was 

conducted w i t h a combinat ion o f g r i n d i n g methods. Some 

of the samples were a l s o c l a r i f i e d by double c e n t r i f u g a -

t i o n . The r e s u l t s are shown i n Table I I . 



T A B L E I I 
O I L C O N T E N T O F T H E C A K E U N D E E E X P E R I M E N T A L C O N D I T I O N S 

1 C o t t o n s e e d j B a n N o . ; S a m p l e ® 1 

1 W a t e r G r i n d i n g - S e p a r a t i o n A n a l y s i s o f C a k e 
; 

• i W t . i n g n u 

1 
! 

1 p H 

1st. M i l l 2nd. M i l l p H ; 
1st. ) 

C e n t r i f u g e ! 
2nd. 

C e n t r i f u g e 
1 wt. 
{ i n g m . O i l i O i l W t . 

i n g m . 

1000 10.5 M i k r o p u l 
v e r i z e r 

9.0 ; S h a r p i e s 

\ " I 
1202,7 12.01 2U.3U 

1 30 
! 

2000 12.0 • 
P e b b l e 12.0 : F l e t c h e r —, 207.1 lU.6l 30.23 I 31 500 12.0 » 

12.0 j S h a r p i e 
110.0 13 .oh 1U.3U 32 1000 12.0 • 

P e b b l e 12.0 ' it 15L7 5.̂ 3 8.22 
33 1000 10.5 • 

11 10.5 » 226.5 3-9S 9-01 
500 10.5 « it 10.5 11 — :108.0 3.SS U.23 36 500 8.0 —" *' 10.5 11 ! nu.o 10.70 12.20 

1+2 500 7.0 • 10.5 «. 11H.0 7.50 8.56 
1000 7.0 • P e b b l e 10.5 F l e t c h e r * 

S h a r p i e s 257.5 9.22 23.70 
H5 1000 8.0 • 

ti 10.5 11 
S h a r p i e s 223.1 12.1+5 27.7S 

U6 1000 5.0 if 10.5 11 
S h a r p i e s 239.2 13.7̂  32.77 

@ A l l t h e s a m p l e s w e r e f i r s t d r y g r o u n d i n W i l e y m i l l . 

* W i t h t w o m o r e l i t e r s o f w a t e r t h a n i n H u n N o . h2. 
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From the r e s u l t s o f t h i s se t o f exper iments , 

s e v e r a l remarks may be made. I n the f i r s t p l a c e , when 

the sample was ground w i t h a m i k r o p u l v e r i z e r and then 

w i t h a pebble m i l l a t the pH va lue of 10.5 to 12, the o i l 

content i n the cake was reduced t o a g r e a t e x t e n t . Run 

N o . 5, which was ground w i t h the m i k r o p u l v e r i z e r a lone a t 

a pH va lue of 10.5, r e s u l t e d i n a cake w i t h an o i l content 

o f 12.01 per c e n t . I n c o n t r a s t to t h i s , a supplementary 

g r i n d i n g w i t h the pebble m i l l was i n Run N o . 34 r e s u l t e d 

i n an o i l content o f 3.88 per c e n t . Runs N o s . 33 and 34 

show t h a t the r e s u l t s were r e p r o d u c i b l e . 

However, when the combinat ion g r i n d i n g p r o c e s s 

was conducted a t lower pH v a l u e s , the r e d u c t i o n of the o i l 

content was not a s e f f e c t i v e . T h i s i s shown i n Runs N o s . 

44, 45 and 46. Such d i f f e r e n c e s i n r e s u l t s might be e x 

p l a i n e d by the f a c t t h a t the poor p e p t i z a t i o n of the p r o 

tein prevented the release o f o i l from these I n s o l u b l e 

m a t e r i a l s . 

U s i n g the F l e t c h e r c e n t r i f u g e a lone a s i n Run N o . 

30, the c l a r i f i c a t i o n was not e f f e c t i v e even under g r i n d 

i n g c o n d i t i o n s s a t i s f a c t o r y i n other c a s e s . T h i s was due 

to the i n e f f i c i e n c y of the c e n t r i f u g e . The s u p e r c e n t r i 

fuge a lone was found s u i t a b l e f o r c l a r i f i c a t i o n . 

As f a r a s the percentage o f the o i l l o s t i n the 

cake i s concerned , the h i g h e s t l o s s was about 3 per cent 
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of the t o t a l o i l i n the c o t t o n s e e d . When the sample was 

ground under f a v o r a b l e c o n d i t i o n s , the l o s s was reduced 

to l e s s than 1 per c e n t , 0.82 per cent being the lowest 

recorded (Run N o . 34)• 

Exper iments on r e d u c t i o n of o i l content i n the 

p r o t e i n . I n the p r e l i m i n a r y s e t o f exper iments , the o i l 

content i n the p r o t e i n was g e n e r a l l y h i g h . Such r e t e n t i o n 

of o i l i n the p r o t e i n i s p robab ly due to the h i g h s t a b i l i t y 

o f the emuls ion formed by the d i s p e r s i o n of the o i l i n the 

aqueous s o l u t i o n . The s t a b i l i t y of the e m u l s i o n made i t 

d i f f i c u l t to e f f e c t sharp s e p a r a t i o n between the o i l and 

the p r o t e i n i n the course of s e p a r a t i o n . Exper iments were 

d e v i s e d to s t u d y the c o n d i t i o n s which would be most f a v o r 

a b l e f o r d e c r e a s i n g the s t a b i l i t y o f the e m u l s i o n s o tha t 

the amount o f o i l i n the p r o t e i n might be reduced to a 

minimum. 

The degree o f s t a b i l i t y o f an emuls ion may be i n 

f l u e n c e d by the pH v a l u e dur ing i t s f o r m a t i o n . T h e r e f o r e , 

c h a n g i n g the pH v a l u e a t g r i n d i n g to a d i f f e r e n t v a l u e 

d u r i n g s e p a r a t i o n may v a r y the r e s u l t s of the o i l and p r o 

t e i n s e p a r a t i o n . B o t h h i g h pH v a l u e g r i n d i n g and low pH 

v a l u e g r i n d i n g were i n v e s t i g a t e d , and the r e s u l t s were 

shown i n Table I I I . 
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O I L C O N T E N T I N P H O T S I N U N D E R E X P E R I M E N T A L C O N D I T I O N S 

| C o t t o n s e e d 
R u n N o . j S a m p l e w J W t . i n g m s . 

W a t e r G r i n d i n g 
P H ] M i l l 

-—•—' ,— 
C l a r i f i c a t i o n 

p H 1 C e n t r i f u g e 

S e j 
P H 
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C e n t r i f u g e 
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i n P r o t e i n 
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j M U c r o p u l v e r -j z e r * 1 2 . 0 F l e t c h e r 9 . 0 S h a r p i e s ! 5 . 7 3 
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3 2 1 0 0 0 12,0 1 it * 
i 
i $ 

1 2 . 0 S h a r p i e s 1 0 . 0 ti 2 .1S 

23 1 0 0 0 1 0 . 5 I « 
1 * 

1 0 , 5 11 9 . 0 
11 ;. 2 9 . I O 

3 ^ 5 0 0 1 0 . 5 
II 1 0 . 5 11 1 0 . 5 it 

2 5 . 1 9 

HZ 1 0 0 0 7 . 0 1 w 

1 0 . 5 I M 

! 

9 . 0 11 

4.45 *3 1 0 0 0 7 . 0 j 1 0 . 5 j F l e t c h e r • 

1 0 . 5 I • • 9 . 0 it 

6.05 45 1 0 0 0 5 . 0 ! w 

1 0 . 5 j F l e t c h e r • 

1 0 . 5 I • • 9 . 0 it 

4.S7 46 1 0 0 0 5 . 0 
1 * 

I H 

i 
1 0 . 5 9 . 0 

tt 3.6S 

<fi A l l t h e s a m p l e s w e r e f i r s t d r y g r o u n d i n W i l e y m i l l . 

* C o m b i n a t i o n w i t h s e c o n d g r i n d i n g i n p e b b l e m i l l . 
© C o m b i n a t i o n w i t h s e c o n d c l a r i f i c a t i o n t h r o u g h S h a r p i e s s u p e r c e n t r i f u g e . 
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From Table I I I one can e a s i l y f i n d t h a t the o i l content 

i n the p r o t e i n may be g r e a t l y v a r i e d by v a r y i n g the pH 

v a l u e s d u r i n g g r i n d i n g . When g r i n d i n g a t pH va lue o f 10.5 

(Runs N o s , 33 and 34), o i l r e t e n t i o n a lways o c c u r r e d . I f 

the sample was ground i n the n ieghborhood of the pH va lue 

of 12, a s i n the c a s e of Runs N o s . 30 and 32, the o i l was 

g r e a t l y r e l e a s e d f rom the p r o t e i n . S i m i l a r r e s u l t s have 

been ob ta ined i n c a s e s employing low pH g r i n d i n g ( i . e . 

Runs N o s . 42, 43, 45, and 46). 

The cause o f r e d u c t i o n of o i l i n the p r o t e i n i s 

not e x a c t l y known. I t m igh t be due t o the d e s t r u c t i o n of 

some s u b s t a n c e s , f o r i n s t a n c e p h o s p h a t i d e s , the presence 

o f which cause the o i l - p r o t e i n emuls ion s e p a r a t i o n d i f f i 

c u l t ^ No d e f i n i t e e x p l a n a t i o n can be o f fe red a t p r e s e n t . 

I t r e q u i r e s f u r t h e r s t u d v . 

Based on the a n a l y s i s o f co t tonseed (p.21), the 

percentage of t o t a l o i l i n the sample r e t a i n e d by the 

p r o t e i n may be c a l c u l a t e d . The average v a l u e s are shown 

below: 

G r i n d i n g a t pH 12 
(Runs Nos 30 and 32) average 4.00 $ 

^ r i n d i n g a t pH 7 

(Runs N o s . 42 and 43) average 5.28 °fa 
G r i n d i n g a t P H 5 

(Runs N o s . 45 and 46) average 4.29 % 
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Therefore the r e d u c t i o n of o i l content i n the p r o 

t e i n may be a t t a i n e d by e i t h e r h i g h or low pH v a l u e g r i n d 

i n g . I n view of a v o i d i n g too much s a p o n i f i c a t i o n o f the 

o i l a t h i g h pH v a l u e dur ing the d r a s t i c g r i n d i n g , a s i s 

the case i n m i k r o p u l v e r i z e r g r i n d i n g , i t seems be t te r t o 

g r i n d the m a t e r i a l a t r a t h e r low pH v a l u e i n the n e i g h 

borhood of 5 t o 7. On the other hand, a s i t was i n d i c a t e d 

b e f o r e , the r e d u c t i o n of o i l content i n the cake c o u l d be 

a t t a i n e d a t a pH i n the ne ighborhood o f 12. However, , such 

c o n d i t i o n s may be prov ided when the sample i s ground i n 

the pebble m i l l , which i s not so d r a s t i c a s i t would be 

i n the m i k r o p u l v e r i z e r . T h e r e f o r e , i f the sample i s f i r s t 

ground a t low pH va lue i n the m i k r o p u l v e r i z e r and then 

a d j u s t e d to a h i g h e r pH v a l u e i n the pebble m i l l , the o i l 

r e d u c t i o n i n the cake and i n the p r o t e i n may be both 

s a t i s f a c t o r i l y a t t a i n e d . 

I n s p e c t i o n o f T a b l e s I I and I I I shows tha t both 

Runs Nos , 32 and 42 may i l l u s t r a t e the f a c t t h a t s a t i s 

f a c t o r y r e s u l t s o f low o i l content i n both the p r o t e i n 

and the cake a t e i t h e r h i g h pH v a l u e or low pH v a l u e 

g r i n d i n g may be a t t a i n e d . I n Run N o . 32, the percentage 

o f the o r i g i n a l o i l i n the cot tonseed l o s t i n the cake 

and i n the p r o t e i n were 2.64 and 2,19 r e s p e c t i v e l y , making 

a t o t a l l o s s of 4.38 per c e n t . For Run N o . 42, the r e s 

p e c t i v e v a l u e s were 2.76 and 4.47, the t o t a l l o s s be ing 

7.23 per c e n t . 
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Assuming t h a t the o i l l o s t i n the cake and i n the 

p r o t e i n were the on ly l o s e s i n a con t inuous o p e r a t i o n , 

the o i l y i e l d from t h i s w a t e r - g r i n d i n g p r o c e s s s h o u l d 

approach 92 t o 95 per c e n t . 

Out l ine o f o p e r a t i o n . From the r e s u l t s o b t a i n e d 

so f a r , i t would be easy to v i s u a l i z e the a p p r o p r i a t e 

c o n d i t i o n s f o r o p e r a t i n g the w a t e r - g r i n d i n g p r o c e s s f o r 

c o t t o n s e e d . A l t h o u g h i t i s o u t s i d e the scope o f t h i s 

work, a t e n t a t i v e procedure f o r such o p e r a t i o n may be 

o u t l i n e d f o r f u t u r e work . 

1. The c o t t o n s e e d i s c leaned and d e l i n t e d a s i n the 

o r d i n a r y p r o c e s s , 

2. The c leaned cot tonseed i s dry ground i n a coarse 

m i l l , 

3. T h e c o a r s e ground co t tonseed I s mixed w i t h 10 p a r t s 

o f water and ground a t a pH i n the ne ighborhood o f 

7 i n a m ik ronu lve rozer or some other power fu l m i l l 

t o produce a s l u r r y , 

4. The s l u r r y i s a d j u s t e d t6 a pH v a l u e i n the n e i g h 

borhood o f 12 to produce an a l k a l i n e s l u r r y f o r 

g r i n d i n g i n a pebble m i l l , 

5. The a l k a l i n e s l u r r y i s warmed to 60°C., s t i r r e d 

f o r a p e r i o d o f t ime an^. c l a r i f i e d i n a c e n t r i f u g e 

of the basket t y p e , 

6. ^1he i n s o l u b l e m a t e r i a l s i n the basket o f c e n t r i f u g e 
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i s washed w i t h a l i t t l e w a t e r , and d r i e d a t 100°C. 

to produce cake f o r an imal f e e d , 

7 . The c l a r i f i e d s l u r r y from the basket type c e n t r i 

fuge i s warmed to 60°C. , and passed th rough e i t h e r 

a De L a v a l c e n t r i f u g e or a S h a r p i e s s u p e r c e n t r i f u g e 

under proper c o n d i t i o n s to separa te o i l - p h a s e from 

p r o t e i n d i s p e r s i o n , 

8 . '^he o i l - p h a s e from the s e p a r a t i o n p r o c e s s i s a d 

j u s t e d to a pH v a l u e i n the ne ighborhood of 6 , 

warmed to 6 0 ° C , and a g i t a t e d w i t h a s t r o n g a g i 

t a t o r to separa te o i l from water and p r o t e i n , 

9 . •'•'he p r o t e i n d i s p e r s i o n from the s e p a r a t i o n p r o 

c e s s i s a d j u s t e d t o a pH va lue o f e x a c t l y 4 t o 

p r e c i p i t a t e the p r o t e i n , 

10. The p r o t e i n i s c e n t r i f u g e d to remove excess water 

and d r i e d w i t h a i r a t a temperature o f not over 

5 0 ° C , and 

1 1 . The rema in ing s o l u t i o n from the p r e c i p i t a t i o n o f 

the p r o t e i n may be used over a g a i n a s water f o r 

g r i n d i n g i n the next b a t c h , or used a s a source 

of fermentable raw m a t e r i a l . 
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A n a l y s i s o f p r o d u c t s . A s mentioned p r e v i o u s l y 

there are three c l a s s e s of products produced by t h i s p r o 

c e s s . A l t h o u g h the s o l u t i o n remain ing from the p r e c i p i 

t a t i o n of the p r o t e i n might be cons idered a s the f o u r t h 

c l a s s of p r o d u c t , i t w i l l not be i n c l u d e d i n t h i s s tudy 

a s i t c o u l d be used over a g a i n i n p lace o f f r e s h w a t e r . 

For each product no complete a n a l y s i s was at tempted, but 

a few d e t e r m i n a t i o n s were s e l e c t e d f o r each i n order to 

g i v e a g e n e r a l idea o f the q u a l i t y . Only g o s s y p o l c o n 

t e n t and c o l o r o f the o i l were determined. For the cake 

and the p r o t e i n , the n i t r o g e n content and g o s s y p o l c o n 

t e n t were de termined . The a s h content o f a few p r o t e i n 

samples were a l s o i n c l u d e d . 

For c o l o r de te rmina t ion of the o i l , the method 

r e c e n t l y adopted by the American O i l C h e m i s t s ' S o c i e t y 

was f o l l o w e d (37) (see Appendix I I I ) . 

The newly m o d i f i e d s p e c t r o p h o t o m e t r y method o f 

Smi th (41) was employed f o r the e s t i m a t i o n of g o s s y p o l 

content i n tne p r o d u c t s . I t s d e s c r i p t i o n can be found 

i n the Appendix (see Appendix I I , A and B ) . 

A l l n i t r o g e n de te rmina t ions were run by the o f f i 

c i a l A . O . C . S . K j e l d a h l - C u n n i n g - A r n o l d method. A d e s 

c r i p t i o n of t h i s method a l s o can be found i n the Appen

d i x (1) (see Appendix I , C ) . 

The a s h and the mois ture de te rmina t ions were a l s o 

run by the o f f i c i a l A . O . C . S . methods (1) (see Appendix I ) . 
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The presence o f the dark p igments i n c o t t o n s e e d has 

a lways c o n s t i t u t e d a problem i n the u t i l i z a t i o n o f t h i s 

m a t e r i a l as a seed of o i l and p r o t e i n . Wi ther and C a r r u t h 

(45) d i s c o v e r e d t h a t g o s s y p o l , one of the p r i n c i p l e p i g 

ments i n the c o t t o n s e e d , a lone c o u l d produce the symptom 

a s s o c i a t e d w i t h the s o - c a l l e d cot tonseed i n j u r y produced 

i n l i v e s t o c k by the f e e d i n g of co t tonseed i n l a r g e q u a n 

t i t i e s . F o l l o w i n g t h i s d i s c o v e r y , C a r r u t h and co -workers 

i n s t i t u t e d an i n v e s t i g a t i o n of the c h e m i c s l p r o p e r t i e s 

o f g o s s y p o l . C a r r u t h l a t e r found (14) t h a t the reduced 

t o x i c i t y o f co t tonseed meal brought about by heat t r e a t 

ment c o u l d be c o r r e l a t e d w i th a reduced content o f ex -

t r a c t a b l e g o s s y p o l . C l a r k (15) p u b l i s h e d a s e r i e s of a r 

t i c l e s on g o s s y p o l d e r i v a t i v e s i n which he showed among 

o ther t h i n g s t h a t g o s s y p o l can be ex t rac ted w i t h a n i l i n e 

f rom heat d e t o x i f i e d g o s s y p o l m e a l . By a n a l o g y to the 

r e a c t i o n w i th a n i l i n e C l a r k proposed (16) t h a t the "bound" 

g o s s y p o l was g o s s y p o l tha t had combined w i t h the p r o t e i n 

i n the c o t t o n s e e d , and thus had been rendered n o n - t o x i c 

and u n e x t r a c t a b l e w i t h o r d i n a r y s o l v e n t s . 

The e a r l y i n v e s t i g a t i o n s ( 9 . 21, 22, 42, 46) o f 

the anatomy of the co t tonseed noted the occurrence of the 

pigment g l a n d s and repor ted o b s e r v a t i o n s o f t h e i r r e a c t i o n 

w i t h wa te r . The pigment g l a n d s , which c o n t a i n a l l o f the 

g o s s y p o l and i t s d e r i v a t i v e s i n the s e e d , p o s s e s s a t h i c k , 
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s t r o n g , r e s i s t a n t w a l l which presumably p r o t e c t s the g l a n d 

contents from d i r e c t c o n t a c t w i th the components o f the 

s u r r o u n d i n g t i s s u e i n the i n t a c t s e e d . These g l a n d s p o s s e s s e s 

such h i g h mechanica l s t r e n g t h t h a t i n seed of normal m o i s 

tu re content o n l y a s m a l l f r a c t i o n of them are ruptured 

under the p r e s s u r e and s h e a r i n g s t r e s s e s , to which they 

are sub jec ted d u r i n g the r o l l i n g or g r i n d i n g of seed p r e 

p a r a t o r y to p r e s s i n g or e x t r a c t i o n . C o n s e q u e n t l y , the 

p igments g l a n d s o n t a i n i n g the i n t r a g l a n d u l a r p igments r e 

main i n the meal u n l e s s p r o c e s s i n g c o n d i t i o n s are such a s 

to rup ture the g l a n d w a l l s . The g l a n d w a l l s have been 

shown (6r 7, #) to be r e s i s t a n t to the a c t i o n of most l i 

q u i d s except water and a few water m i s c i b l e o r g a n i c l i 

q u i d s of low m o l e c u l a r w e i g h t . Contac t w i t h water c a u s e s 

i n s t a n t a n e o u s rupture o f the w a l l s and the e x p u l s i o n of 

the g l a n d c o n t e n t s . The s e n s i t i v i t y o f the g l a n d s to water i n c r e a s e s a s the temperature i s i n c r e a s e d ( 8 ) , 

From the c o n s i d e r a t i o n of the c h a r a c t e r i s t i c p r o 

p e r t i e s of pigment g l a n d s o f the co t tonseed a s d e s c r i b e d 

above , i t can be r e l a t e d t h a t the pigment problem e n 

countered i n the p r e s s process i s a s s e r i o u s a s i t i s i n 

the s o l v e n t e x t r a c t i o n p r o c e s s . I n the w a t e r - g r i n d i n g p r o 

c e s s , i t can be f o r e s e e n tha t n e a r l y a l l o f the g l a n d w a l l s 

w i l l be ruptured and a l l o f the c o n t e n t s w i l l be e x t r a c t a b l e 

i f they are not des t royed under the t rea tment . T h u s , the 

meal produced by the w a t e r - g r i n d i n g p r o c e s s w i l l be n e a r l y 
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f ree from g o s s y p o l . S i n c e g o s s y p o l i s not a s t a b l e com

pound, a t l e a s t a pa r t of i t w i l l be des t royed under the 

treatment of t h i s p r o c e s s . Most of the undest royed p o r 

t i o n w i l l be bound w i t h the p r o t e i n , and some w i l l be 

d i s s o l v e d i n the o i l . The g o s s y p o l d e t e r m i n a t i o n s o f 

the samples i n t h i s i n v e s t i g a t i o n are shown i n Table I V . 



35 

TABLE IV 
GOSSYPOL CONTENT IN PROTEIN AND CAKE 

jRun No, 
| % of Gossypol Wt.of Gossy pol in mg j Ttf-t. in Protein \ 

i Wt. in Cake [ jRun No, in Protein ! in Cake 
i * 

in Protein in Cake j Ttf-t. in Protein \ 
i Wt. in Cake [ 

I 21 î . „ „̂r, r j 
{ 0;301 : 0.010 1,00 0.02 1 

j 50 « 
1 i 

) 22 o;325 0:010 0,47 0.02 i 24 : 1 i 
23 i 0:318 

; 0.009 1.08 , 0.02 | 54 1 1 j 
24 ! 0.248 j 0.016 1 
25 ) 0.250 0.012 0.81 0.02 I 40 -1 1 s 
26 I —— ! 0.013 I -— 
27 I 0.300 ; 0.010 0.96 0.02 \ 40 -! 1 { 28 | —.-. 0.009 000 
29 ! 0.301 0.010 0.90 0.03 i 30 i \ 1 i 

I 30 0.240 0.012 0.86 0.03 \ 29 -1 1 \ 31 i 0.206 I 0.012 0.58 0.01 1 58 ! 1 1 i 
32 ! 0,216 ' 0,008 0.50 0.01 i 48 1 1 • 33 j 0.275 0,009 1.13 0.02 i 57 1 1 1 1 34 ! 0.287 0,009 0.62 0.01 62 1 1 i 35 ! 0.240 0,009 0.37 0.01 ! 37 : 1 
36 ! 0.234 0,009 0.31 0.01 ! 31 

« 1 i 37 ' 0.258 0,009 0.36 0.01 i 3 6 1 1 | 38 0.258 0.009 —- | 
39 0.259 0,010 — —— 

1 40 0.240 0,009 — ! 

a 0.275 0.009 — | 0.222 0,009 0.27 0.01 27 « « 1 ! 43 0.250 0,008 0.67 0.02 33 5 1 | 44 0.300 0,009 0.81 0.02 40 « 1 i 
45 0.280 0,009 0.40 0.02 20 5 1 I 46 0.266 0,009 0.38 0.02 19 : 1 
47 0.270 0,008 0.85 0.02 48 , ! 1 
48 0.246 0.008 0.81 0.03 27 -f 1 

49 0.219 0.009 0.48 0.03 16 , 5 1 

Weight of gossypol is calculated oh the basis of 1000-g. 
sample, 1000 g. cottonseed contain 5.81 mg. gossypol. 
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The g o s s y p o l recovered i n the o i l , p r o t e i n and cake 

was a lways found to be l e s s than 20 per cent of the t o t a l 

present i n c o t t o n s e e d . That i s to s a y , more than SO per 

cent had been des t royed d u r i n g the course of o p e r a t i o n 

i n the w a t e r - g r i n d i n g p r o c e s s . The w e i g h t r a t i o o f g o s s y 

p o l i n the p r o t e i n to t h a t i n the cake a s shown i n the 

l a s t column o f Table I V shows the c o n c e n t r a t i o n o f p i g 

ment i n the p r o t e i n . 

The g o s s y p o l i n the cake was e i t h e r very low 

o r i g i n a l l y or was des t royed dur ing d r y i n g . Lyman, H o l l a n d , 

and Hale (25) found t h a t co t tonseed meal w i t h 0.02 per 

cent g o s s y p o l would not cause i n j u r y o f any k i n d t o a n i 

ma ls even when fed a t a l e v e l o f 25 per cent o f the t o t a l 

r a t i o n f o r a c o n s i d e r a b l e l e n g t h o f t i m e . The cake p r o 

duced by t h i s w a t e r - g r i n d i n g method c o n t a i n e d a lways l e s s 

than 0.02 per cent g o s s y p o l . Such t r a c e s of g o s s y p o l i n 

the cake w i l l make i t s u i t a b l e as feed f o r l i v e s t o c k . 

The g o s s y p o l content o f the o i l was found t o be 

i n the range of 0.01 per cent to 0.02 per c e n t , as show

ed i n Table V . T h i s low content w i l l not o n l y render the 

o i l n o n t o x i c , but a l s o w i l l p resent no c o l o r problem a s 

I s the case w i t h the p r e s s p r o c e s s e s . The o i l o f " b a s i c 

pr ime" q u a l i t y w i l l have a c o l o r not g r e a t e r than 35 

y e l l o w and 7.6 red on the l o v i b o n d s c a l e . Premiums are 

a l l o w e d on c o l o r l i g h t e r than t h i s . The average r e f i n e d 
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o i l der ived from prime crude o i l , h a v i n g a c o l o r or 35 

y e l l o w and 7.6 r e d , w i l l y i e l d a bleached o i l hav ing a 

c o l o r o f 20 y e l l o w and 2.5 r e d , which i s the s t a n d a r d 

c o l o r f o r B l e a c h a b l e Prime Summer Y e l l o w co t tonseed o i l . 

A l l o i l samples produced by the w a t e r - g r i n d i n g p r o c e s s 

are w i t h i n these l i m i t s . O i l produced from the o i l - p h a s e 

by a g i t a t i o n w i t h o u t d i r e c t h e a t i n g w i l l have a c o l o r 

much l i g h t e r than t h a t produced from the p r e s s method. 

TABLE V 
COLOR VALUE AND GOSSYPOL CONTENT IN OIL 

Run No. Preparation Color Determination Gossypol 
from Oil-phase Transmittance % Opt.Density Red % 

30 Rendering to 120° 62.5 0.204 8.6 0.012 
i 32 it II II 62.3 0.202 8.5 0.016 

33 ft II 90° 64.0 0.194 8.1 0.015 
34 it tt tt 63.0 0.201 8.4 0.017 

i 42 Agitation 66.3 0.178 7.5 0.019 
1 43 rt 67.0 0.174 7.3 0.015 
! 44 it 68.3 0.165 6.9 0.016 
; 45 it 67.7 0.170 7.1 o.ou 
jCombination of oil samples, by agitation 66.0 0.181 7.6 0.018 
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The d e t e r m i n a t i o n of n i t r o g e n i n the cake i n d i c a t e d 

a r a t h e r low p r o t e i n c o n t e n t . T h i s i s shown i n Table V I . 

A c c o r d i n g t o the R u l e of the A s s o c i a t i o n (30), the meal 

from cake o f Prime Q u a l i t y c o n t a i n s not l e s s than 36 per 

cent p r o t e i n . Samples produced i n t h i s s tudy conta ined 

about 20 per cent or l e s s , which would be comparable w i t h 

the "Whole P r e s s e d Cot tonseed" or E x p e l l e r C a k e " , w i t h 

p r o t e i n content o f 20 per c e n t . 



T A B L E V I 
N I T R O G E N D E T E R M I N A T I O N I N C A K E 

Cake 
R u n N o , 

I O i l C o n t e n t 
i n C o t t o n s e e d j W t . i n gm, 

2 1 

2 3 
2 5 
2 7 
3 1 
3 2 
3 3 
3 4 

I S 
I ^ 1 
I 4 2 
I 4 3 
I 4 4 

ft 
I 4 6 

* 7 
4 8 

I 4 9 
j 5 0 

2 1 . 0 0 
2 1 . 0 0 
2 0 . 2 7 
2 1 . 4 2 
2 2 . 0 0 

1 5 . 1 7 
2 2 . 6 5 
2 1 . 6 0 
2 2 . 8 0 
2 2 . 8 0 
2 2 . 0 1 
2 5 . 5 0 
2 8 . 1 5 
2 2 . 8 2 
2 6 . 0 0 

2 5 . 7 5 
2 2 . 3 1 
2 5 . 9 2 

2 8 . 0 0 
2 8 . 0 0 
3 2 . 7 0 

3 1 - 9 4 

2 1 0 
2 1 0 
2 0 5 
2 1 4 
1 1 0 
1 5 2 
2 2 7 
1 0 8 
1 1 4 
1 1 4 
1 1 0 

1 2 7 
l 4 j 
1 1 4 
2 6 0 
2 5 s 
2 2 3 
2 3 9 

2 8 0 

2 8 0 

3 2 7 

3 1 9 

1 1 . 0 5 
1 1 . 0 5 
1 2 . 0 1 

1 1 . 5 9 
1 5 . 0 4 

5 . ^ 5 
5 . 9 S 
3 . S S 
8 . 1 0 

1 0 . 7 0 
9 . 3 0 
9 . 6 0 

1 0 . 6 0 

7 . 5 0 
1 4 . 6 9 

9 . 2 2 
1 2 . 4 5 

1 3 . 7 4 

9 . 5 7 

9 . 5 7 
1 0 . 6 0 

9 . 2 2 

N i t r o g e n D e t e r m i n a t i o n 
% o f N i t r o g e n fo o f P r o t e i n 

2 . 4 0 1 5 . 0 1 
3 . 1 0 I S . 4 0 
2 . 5 0 1 5 . 6 0 

3 . 2 5 2 0 . 5 0 
1 . 0 5 6 . 5 2 
2 . 0 0 1 2 . 5 0 
2 . 4 0 1 5 . 0 1 
2 . 0 0 1 2 . 5 0 
2 . 3 0 l 4 . 4 o 
2 . 5 0 1 5 . 6 2 
2 . 4 5 1 5 . 3 0 
2 . 2 3 1 3 . 9 9 
2 . 8 0 1 7 . 4 5 ! 
2 . 5 0 1 5 . 6 3 1 
2 . 7 0 1 6 . 9 0 3 

2 . 8 5 1 7 . s o j 

2 . 5 1 1 5 . 6 2 j 

3 . 0 9 1 9 . 4 0 1 
5 . 2 S 2 0 . 5 5 
3 . 2 § 2 0 . 3 4 

3 . 0 5 1 9 . 0 0 

3 . 3 1 2 0 . 6 9 

\ 0 



The n i t r o g e n content i n the p r o t e i n i s a r e l i a 

b l e c r i t e r i o n o f i t s q u a l i t y . A c c o r d i n g to A r t h u r ( 2 ) , 

peanut p r o t e i n c o n t a i n i n g more than 16 per cent n i t r o g e n 

and l e s s than 2 per cent a s h i s s a t i s f a c t o r y f o r the p r o 

d u c t i o n o f f i b e r s and a d h e s i v e s , which r e q u i r e the use o f 

raw m a t e r i a l c o n t a i n i n g more than 95 per cent p r o t e i n ( 1 1 , 

12, 1 3 , 19, 2 8 ) . T h i s w i l l be e q u a l l y a p p l i c a b l e t o the 

c o t t o n s e e d p r o t e i n . Table V I I shows the n i t r o g e n d e t e r 

m i n a t i o n s c a r r i e d out i n t h i s s t u d y . The low p r o t e i n 

content t o g e t h e r w i t h the h i g h g o s s y p o l c o n t e n t , a s shown 

i n Tab le I V , rendered the i s o l a t e d p r o t e i n from t h i s i n 

v e s t i g a t i o n u n s u i t a b l e f o r d i r e c t u t i l i z a t i o n . A p r o c e s s 

o f p u r i f i c a t i o n i s r e q u i r e d . 



TABLE VII NITROGEN DETERMINATION IN PROTEIN 
Run No. OiltfContent Nitrogen Determination • 

Percentage of Protein p Nitrogen % Protein % On Oil-free Basis i1 26.66 U.80 74.00 h 27.85 11.00 68.80 96.5 25 22.15 12.40 77.20 99.0 | 27 25.05 12.00 74.50 98.5 ! 31 9.94 13.60 85.10 94.8 j 32 2.18 14.80 92.10 94.2 J 33 29.05 11.00 68.75 98.0 I 34 25.19 11.20 70.00 94.0 35 11.20 13.00 81.25 91.5 36 13.50 13.20 82.50 95.2 37 1.16 15.35 95.65 96.8 40 7.70 15.02 93.82 42 4.45 15.02 93.82 97.5 43 6.05 14.78 92.50 98.2 44 15.20 14.82 82.53 45 4.37 15.00 93.75 98.0 46 3.08 15.51 96.83 99.9 47 31.79 10.00 62.50 90.8 43 18.04 13.49 84.50 49 37.11 9.25 57.82 95.2 
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C o n e l u s i o n s 

1 . Wet g r i n d i n g under s l i g h t l y a l k a l i n e c o n d i t i o n s (pH 

8 - 10 .5 ) r e s u l t s i n a wide d i s t r i b u t i o n of the o i l 

among the p r o d u c t s . 

2 . G r i n d i n g a t pH v a l u e i n the ne ighborhood of e i t h e r 

7 or 12 w i l l reduce the o i l r e t e n t i o n i n the p r o t e i n 

t o on ly about 2 - 4 per c e n t . 

3 . G r i n d i n g a t pH v a l u e i n the ne ighborhood of 12 t o 

gether w i t h a supplementary g r i n d i n g i n the pebble 

m i l l w i l l reduce the o i l r e t e n t i o n i n the cake to 

4.25 per c e n t , which i s e q u i v a l e n t t o 0.82 per cent 

o f the t o t a l o i l content i n c o t t o n s e e d . 

4 . C a l c u l a t i o n from the r e s u l t s i n d i c a t e s t h a t by the 

w a t e r - g r i n d i n g method an - o i l y i e l d up t o 95 - 96 per 

cent i s f e a s i b l e . 

5 . About 80 per cent of the t o t a l g o s s y p o l i n the c o t t o n 

seed i s des t royed i n the course of t h i s p r o c e s s . 

6. The r e m a i n i n g undest royed g o s s y p o l (about 20 per cent 

or less^ i s concent ra ted i n the i s o l a t e d p r o t e i n . 

7. L e s s than 0.02 per cent g o s s y p o l was found i n e i t h e r 

the cake or the o i l . Such t r a c e s of g o s s y p o l s h o u l d 

not g i v e problem of t o x i c i t y o f these p r o d u c t s . 



43 

8 . S i n c e the o i l produced by the w a t e r - g r i n d i n g method has 

a c o l o r l i g h t e r than t h a t produced from the p r e s s 

method, no c o l o r problem shou ld be encountered . 

9 . The n i t r o g e n content i n the cake i s lower than the 

meal or cake o f Prime Q u a l i t y , but i s comparable 

w i t h E x p e l l e r c a k e . 

10 . The a n a l y s i s of the i s o l a t e d p r o t e i n i n d i c a t e s t h a t 

t h i s product i s not pure enough f o r d i r e c t use w i t h 

out f u r t h e r p u r i f i c a t i o n . 
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APPENDIX I 

American O i l C h e m i s t s T S o c i e t y 
O f f i c i a l Method of A n a l y s i s 

A . A . O . C . S . O f f i c i a l Method Ba 2-38: M o i s t u r e 

A . A p p a r a t u s : 

1 . Aluminum m o i s t u r e d i s h e s , 3 - g a u g e , 2 x 3/4 - i n c h 
t i g h t f i t t i n g s l i p - o v e r c o v e r s . 

2 . Forced d r a f t o v e n , A . O . C . S . S p e c i f i c a t i o n H 1-39. 
3 . D e s c i c a t o r c o n t a i n i n g e f f i c i e n t d e s c i c a n t . 
4 . Jones s a m p l e r , r i f f l e t y p e , 6 x 6 - i n c h . 

B . P r e p a r a t i o n o f Sample: 

1 . Reduce the o r i g i n a l 1000-g . sample through the 
r i f f l e to a c a . 100 g . and immediately p lace i n 
a i r - t i g h t c o n t a i n e r . Weigh m o i s t u r e sample imme
d i a t e l y . 

C . Procedure: 

1 . Weigh ca 5 g . o f the sample i n t o ta red m o i s t u r e 
d i s h . 0 

2 . P l a c e the d i s h I n the oven and dry a t 101 C . f o r 
2 h o u r s . 

3 . Remove from the o v e n , cover immedia te ly , c o o l i n 
a d e s c i c a t o r to room temperature and w e i g h . 

D . C a l c u l a t i o n : 

M o i s t u r e % = L o s s i n we ight x 100 
Weight of sample 
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APPENDIX I (cont inued) 

B . A . O . C . S . O f f i c i a l Method Ba 3-38: O i l 

A . A p p a r a t u s : 

1. B u t t type e x t r a c t i o n a p p a r a t u s . 
2. F i l t e r p a p e r , 150 mm. 
3. Absorbent c o t t o n f ree o f petroleum ether e x t r a c t . 
4. P o r c e l a i n mor ta r and p e s t l e , The mortar must be 

a t l e a s t 4 i n c h e s i . d . a t the t o p , the p e s t l e 
handle must be l a r g e enough to a f f o r d a f i r m 
hand g r i p . The i n n e r s u r f a c e o f the mortar i s kept 
rough by o c c a s s i o n a l l y g r i n d i n g sand i n i t . 

5. S i e v e , U . S . N o . 20. 
6 . Labora to ry m i l l s u i t a b l e f o r g r i n d i n g the sample 

t o a max. p a r t i c l e s i z e o f U . S . N o . 20 s i e v e . 

B . Reagent : 
1. Petr leum e t h e r , A . O . C . S . S p e c i f i c a t i o n H 2-41. 

C . P r e p a r a t i o n of sample: 

1. G r i n d the 100-g. p o r t i o n from A . O . C . S . O f f i c i a l 
Method Ba-2-38, S e c t i o n B , th rough the l a b o r a t o r y 
m i l l to a u n i f o r m f i n e n e s s , ca 20-mesh. Return 
immediate ly to an a i r - t i g h t c o n t a i n e r . O i l , ground 
m o i s t u r e , and ammonia are determined on t h i s p o r 
t i o n . 

D . Procedure: (a ) Meal and ground c a k e . 

1. Weigh ca 5 g . o f the ground sample i n t o a f i l t e r 
paper and e n c l o s e d i n a second f i l t e r paper f o l d 
ed i n such a f a s h i o n a s t o prevent escape o f the 
m e a l . The second paper i s l e f t open a t the top 
l i k e a t h i m b l e . A p iece of absorbent c o t t o n may 
be p l a c e d i n the top o f the th imble to d i s t r i 
bute the s o l v e n t a s i t d rops on the s a m p l e . 

2. P l a c e wrapped sample i n the B u t t e x t r a c t i o n tube 
and assemble the a p p a r a t u s . Put ca 25 m l . o f p e t r o 
leum ether i n t o the ta red e x t r a c t i o n f l a s k before 
a t t a c h i n g t o the tube . 
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3 . Heat on a water bath or e l e c t r i c hot p l a t e a t such 
a r a t e t h a t the s o l v e n t w i l l drop from the conden
s e r on the center o f the th imble a t the r a t e o f a t 
l e a s t 150 drops per minute . 

4. Keep the volume o f s o l v e n t f a i r l y c o n s t a n t by a d d 
i n g enough to make up f o r any tha t may be l o s t due 
to e v a p o r a t i o n . Cont inue e x t r a c t i o n f o r 3 h o u r s . 

5 . C o o l and d i s c o n n e c t the e x t r a c t i o n f l a s k . E v a p o 
r a t e the ether on a steam or water bath u n t i l no 
odor o f e ther r e m a i n s , A g e n t l e s t ream of c l e a n , 
dry a i r may be used to f a c i l i t a t e removal o f the 
s o l v e n t . C o o l t o room temperature , c a r e f u l l y r e 
move amy m o i s t u r e or d i r t f rom the o u t s i d e o f the 
f l a s k and w e i g h . Repeat h e a t i n g u n t i l c o n s t a n t 
we igh t i s o b t a i n e d , 

6 . Determine the m o i s t u r e i n the ground sample a s 
d i r e c t e d i n A . O . C . S . O f f i c i a l Method Ba 2 - 3 B . 

D , P r o c e d u r e ; ( b ) Cot tonseed meats . 

1 . Weigh a c c u r a t e l y ca 2 g , o f the ground sample and 
proceed a s d i r e c t e d i n (a) above , c o n t i n u i n g the 
e x t r a c t i o n f o r 2 hours o n l y , 

2 . Remove the th imble from the B u t t t u b e , a l l o w the 
ether to evaporate from the f i l t e r paper and sam
p le a t room temperature . Then c a r e f u l l y t r a n s f e r 
the sample to the mortar so tha t there w i l l be no 
l o s s . G r i n d the sample i n the mortar w i t h the p e s 
t l e f o r a t l e a s t 1 minute or w i t h 100 v i g o r o u s 
s t r o k e s . Use no a b r a s i v e . 

3 . R e t u r n the reground sample to the same f i l t e r p a 
per and cont inue the e x t r a c t i o n a s before f o r 2 
a d d i t i o n a l h o u r s , From here o n , proceed a s d i r e c t e d 
i n ( a ) , p a r a g r a p h s 4, 5, and 6, 

E , C a l c u l a t i o n ; 

O i l , 1o Weight o f o i l x 100 
Weight o f sample 
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APPENDIX I (cont inued) 

C . A . O . C . S . O f f i c i a l Method Ba 4-38 
N i t r o g e n - a m m o n i a - p r o t e i n 

A . A p p a r a t u s : 

I . K j e l d a h l d i g e s t i o n and d i s t i l l a t i o n a p p a r a t u s , com
p l e t e w i t h heat s o u r c e , t r a p s , and b l o c k - t i n or 
e q u i v a l e n t n o n - c o r r o s i v e t u b i n g c o n t a i n e r s . 

2 # K j e l d a h l f l a s k , 800 m l . 
3. D i s t i l l a t e r e c e i v i n g f l a s k s , 500 m l . or any c o n 

v e n i e n t s i z e . 

B . R e a g e n t s : 

1 . Murcury or mercur ic o x i d e , A . C . S . g r a d e . 
2 . S u l f r i c a c i d , s p . g r . 1 .84 . 
3. Z inc m e t a l , g r a n u l a r . 20-mesh. 
4 . P o t a s s i u m or sodium s u l f a t e , A . C . S . g r a d e . 
5 . P o t a s s i u m or sodium s u l f i d e , 4 % s o l u t i o n i n w a t e r . 
6 . Sodium hydrox ide s o l u t i o n , s p . g r . 1 .50 . 
7 . Sodium hydrox ide s o l u t i o n , o .25 N , a c c u r a t e l y 

s t a n d a r d i z e d . 
8 . S u l f r i c a c i d , 0 .5 N . a c c u r a t e l y s t a n d a r d i z e d . 
9. M t h y l red i n d i c a t o r s o l u t i o n , 0 . 1 % i n e t h y l 

a l c o h o l or a l i z a r i n red S , 0.3 % i n d i s t i l l e d 
w a t e r . 

C Procedure: 

1 . Use a sample prepared a s d i r e c t e d i n A . O . C . S . 
O f f i c i a l Method,Ba 3-38, S e c t i o n C . 

2 . Weigh 1.7032 g . o f sample i n t o K j e l d a h l f l a s k . I f 
c a l c u l a t i o n are c a r r i e d out i n term of N , we igh 
1.4008 g . Add ca 0 .5 g . mercury ( 0 . 7 g . mercury 
o x i d e ) , 10 g . o f K^SO, or N a 2 S 0 . and 25 m l . o f 

3. P l a c e the f l a s k on the d i g e s t i o n rack ( i n an i n 
c l i n e d p o s i t i o n ) and h e a t , below the b o i l i n g p o i n t 
o f the a c i d , f o r 5 to 15 m i n u t e s , or u n t i l f r o t h 
i n g c e a s e s . 

4 . I n c r e a s e the temperature and d i g e s t u n t i l d i g e s 
t i o n i s comple te . A good i n d i c a t i o n of t h i s i s 
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when the l i q u i d becomes c l e a r and c o l o r l e s s , but to 
be c e r t a i n , h e a t i n g s h o u l d be cont inued f o r a t l e a s t 
30 minutes beyond t h i s p o i n t . 

5. C o o l , add ca 300 m l . o f water , a few g r a n u l e s o f 
z i n c to prevent bumping, and s u f f i c i e n t sodium s u l 
f i d e s o l u t i o n ( u s u a l l y ca 25 m l . ) t o p r e c i p i t a t e 
a l l o f the mercury . 

6. T r a n s f e r a c c u r a t e l y a s u f f i c i e n t q u a n t i t y o f the 
s t a n d a r d a c i d i n t o r e c e i v i n g f l a s k so t h a t there 
w i l l be an excess o f a t l e a s t 0.5 m l . o f 0.5 N 
a c i d . Add s u f f i c i e n t d i s t i l l e d water to cover the 
end o f the o u t l e t tube and a t t a c h t o o u t l e t end 
o f condenser t u b e . The d i s t i l l a t e s h o u l d d i s c h a r g e 
t h r o u g h a g l a s s tube a t the bottom of the r e c e i v 
i n g f l a s k . 

7. M ix t h o r o u g h l y and add s u f f i c i e n t a l k a l i s o l u t i o n 
( u s u a l l y 60 m l . ) to make s t r o n g l y a l k a l i n e . Pour 
a l k a l i down the s i d e o f the K j e l d a h l f l a s k so t h a t 
i t does not mix w i t h the a c i d a t once . 

8. Connect the K j e l d a h l f l a k s t o the other end o f the 
condenser tube and miz the c o n t e n t s by s h a k i n g . 
A p p l y heat and d i s t i l l u n t i l a t l e a s t 150 m l . o f 
d i s t i l l a t e have been c o l l e c t e d . 

9. T i t r a t e the content o f the r e c e i v i n g f l a s k w i t h 
0.25 N NaOH s o l u t i o n u s i n g 3 or 4 drops of i n d i 
c a t o r . 

10. Conduct a b lank de te rmina t ion on the r e a g e n t s 
s i m u l t a n e o u s l y w i t h the sample and s i m i l a r i n a l l 
r e s p e c t s . 

11. Determine m o i s t u r e i n the ground sample a s d i r e c t 
ed i n A . O . C . S . O f f i c i a l Method Ba 2-38 S e c t i o n C . 

D . C a l c u l a t i o n : 

N i t r o g e n , % = * ^ 

B = m l . o f a l k a l i back t i t r a t i o n of b lank 
S = m l . o f a l k a l i back t i t r a t i o n o f sample 

io n i t r o g e n x 6.25 % p r o t e i n 
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APPENDIX I (cont inued) 

D . A . O . C . S . O f f i c i a l Method Ba 5-47: A s h 

A . A p p a r a t u s : 

1 . P o r c e l a i n combust ion c a p s u l e , Coors N o . 170, s i z e 
N o . 3 35 -ml . c a p a c i t y . 

2 . E l e c t r i c muf f l e fu rnace w i th automat ic pyrometer 
c o n t r o l t o r e g u l a t e a t a temperature o f 600° C . 

15° C 
3 . D e s i c a t o r c o n t a i n i n g an e f f i c i e n t d e s i c a n t . 
4. A i r - t i g h t sample c o n t a i n e r s of convenient s i z e . 

B . P r e p a r a t i o n o f s a m p l e s : 

1 . Use sample prepared a s d i r e c t e d i n A . O . C . S . O f f i 
c i a l Method Ba 3 -38 , S e c t i o n C , paragraph 1 . 

C Procedure: 

1 . Weigh 2 g . o f w e l l mixed sample i n t o the p r e v i o u s 
l y heated and t a r e d combust ion c a p s u l e , p lace i n 
m u f f l e fu rnace p r e v i o u s l y heated to 600°C. and 
m a i n t a i n a t t h i s temperature ( 15°C.) f o r 2 h o u r s . 

2 . T r a n s f e r c a p s u l e to a d e s i c a t o r , c o o l to room tem
perature and we igh immediate ly t h e r e a f t e r . 

D. C a l c u l a t i o n : (Report to neares t 0 .1%) . 

A s h , fo = z Weight o f a s h x 100 
Weight o f sample 
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APPENDIXII 

A. Estimation of G-ossypol in Cottonseed 
Meal and Cottonseed Meats 

(F. H. Smith: Ind. Eng. Chem. 18 43, 1946) 

A. Procedure: 

The extraction is carried out with the Waring 
Blender using the small-size container, N o . 17244, 
Central Scientific Company. The cardboard washer is 
removed from the screw cap and replaced with a washer 
cut from a sheet of rubber packing. 

To a 2-gram charge of cottonseed meal placed in 
the Waring Blender container, add 20 m l . of 30 $ (by 
weight) alcohol (384 m l . of 95 % alcohol diluted to 
1000 ml.) and allow to stand for 10 minutes. Rotate 
the jar two or three times by hand during this period. 
Add 55 m l . of 72 % (by weight) alcohol (830 m l . of 95 % 
alcohol diluted to 1000 ml.) to give a mixture having 
an alcoholic content of 60 fo by weight. After adding 
15 m l . of peroxide-free ethyl ether, blend for 5 minutes. 
Stop the blender and rinse down the walls of the con
tainer by swirling once during the period of blending. 
The cap should be loose enough to permit the expanding 
vapor to escape. 

After blending, remove the cap, swirl the jar to 
suspend the redisue, and pour into a 250-ml. beaker. 
Rinse the cap and jar with a stream of the alcohol-ether 
mixture (1000 m l . of 72 % alcohol by weight to 70 m l . of 
ether), used for washing and making dilutions, from a 
washing bottle and transfer the washing to a second 
beaker to be used to wash the first beaker and residue 
after filtering through a filter tube (Corning 9 4 8 0 ) . 
Insert the filter tube and a bent tube for the appli
cation of suction in a two-holed rubber stopper placed 
in the top of a bell jar. 

Receive the filtrate in a 100-ml. volumetric 
flask, containing 5 m l . of ether, placed under the bell 
jar. This replaces that lost during the filtration and 
prevents a slight turbidity due to the separation of oil 
from the mixture. Wash the first beaker and residue with 
the washing from the blender jar and then a second time 
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with the alcohol-ether mixture from the was-bottle. 
Allow to cool and make to volume with the alcohol-ether 
mixture. 

Use a charge of 0.2500 gram of cottonseed meats 
(or the protein) for the determination and mix the 20 m l . 
of 30 L% and the 55 m l . of the 72 c%> alcohol before adding; 
otherwise a sticky paste is obtained which is not readily 
extracted. The 15 m l . of ether mav be added directly to 
the jar. Blend the meats immediately, after which proceed 
as with cottonseed meal. 

Transfer two 5-ml. aliquots to 25-ml. volumetric 
falsk. Dilute one of the aliquots to volume with 72 % 
alcohol containing ether (1000 to 70 ml.) to be used as 
the blank in reading the transmittance of the gossypol 
with the spectrophotometer. Add to the other aliquot 0.5 
m l . of freshly distilled aniline and heat on the metal 
top of the steam bath for 40 minutes. Adjust the steam . 
so that only a small amount of steam is escaping. (This 
heating may be done in a water bath at about 60OC.j. Re
move from the steam bath, add 5 to 10 m l . of the 72 % 
alcohol-ether mixture, and allow to cool. Then make to 
volume with the alcohol-ether mixture. Mix and read the 
intensity of color as per cent transmittance on the spec
trophotometer at 445 using the blank prepared from 
the extract. Take care to avoid contaminating the blank 
with aniline. 

The weight of gossypol in milligram in 25 m l . may 
be scaled from the standard transmittance-concentration 
curve or read from the prepared conversion table. 

B . Calculation: 

Concentration in mg. of gossypol/25 m l . 

2.000 - log T 
4.846 

in which T is the per cent transmittance. A conversion 
table giving the milligrams of gossypol in 25 m l . corres
ponding to the per cent transmittance may be calculated 
from the equation. 

The value obtained is the per cent of gossypol in 
cottonseed meal, -"-n the case of cottonseed meats (or the 
protein) the milligram of gossypol found per 25 m l . times 
8 gives the per cent of gossypol. 
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APPENDIX I I (cont inued) 

B . S p e c t r o p h o t o m e t r y Method f o r E s t i m a t i o n 
G o s s y p o l i n Crude Cot tonseed O i l 

( F . H . S m i t h : I n d . E n g . Chem. 18 4 1 , 1946) 

A . Procedure : 

F i l t e r the crude cot tonseed o i l under reduced 
p r e s s u r e th rough a l a y e r of washed H y f l o S u p e r - C e l 
about 2 mm. t h i c k p l a c e d over a d i s k of f i l t e r paper 
i n a H i r s c h f u n n e l . ( I t i s necessary to wash the H y f l o 
S u p e r - C e l w i t h h y d r o c h l o r i c a c i d to remove the t r a c e s 
of i r o n p r e s e n t , a s i r o n d e s t r o y s the g o s s y p o l . B o i l 
100 grams of H y f l o S u p e r - C e l w i t h 600 m l . of d i s t i l l e d 
water and 50 m l . o f concent ra ted h y d r o c h l o r i c a c i d f o r 
10 to 15 m i n u t e s , f i l t e r through a l a r g e Buchner f u n n e l , 
and wash w e l l w i t h d i s t i l l e d w a t e r . Repeat the p r o c e s s 
and d r y ) . Prepare the l a y e r of H y f l o S u p e r - C e l by p o u r 
i n g a s u s p e n s i o n o f the S u p e r - C e l i n S k e l l y s o l v e F or 
B over the paper d i s k w h i l e s u c t i o n i s a p p l i e d . D i s c a r d 
the f i r s t few m i l l i l i t e r s o f o i l f i l t e r e d . The o i l may 
be c o l l e c t e d i n a t e s t tube p l a c e d i n the s u c t i o n f l a s k . 
P i p e t 5 m l . o f the f i l t e r e d crude o i l i n t o a 100-ml. v o l 
umetr ic f l a s k , w i p i n g the o u t s i d e of the p i o e t w i t h a 
c l e a n c l o t h be fore a d j u s t i n g to the mark. A f t e r d r a i n i n g , 
r i n s e the p i p e t i n t o the v o l u m e t r i c f l a s k w i t h a stream 
of S k e l l y s o l v e B f rom a wash b o t t l e . Make to volume w i t h 
S k e l l y s o l v e B . T r a n s f e r two 3-ml. a l i q u o t s to 25-ml. 
v o l u m e t r i c f l a s k s . D i l u t e one o f the a l i q u o t s to volume 
w i t h S k e l l y s o l v e B to be used a s the blank i n the s p e c 
t r o p h o t o m e t r y d e t e r m i n a t i o n o f g o s s y p o l . D i l u t e the 
other a l i q u o t to 6 m l . w i t h S k e l l y s o l v e B and add 0.5 m l . 
o f f r e s h l y d i s t i l l e d a n i l i n e (water w h i t e ) ; then heat 
f o r 40 minutes on the metal top o f the steam b a t h . A d j u s t 
the h e a t i n g so o n l y a s m a l l amount o f steam i s e s c a p i n g 
from the b a t h . T h i s cause on ly s l i g h t l o s s o f S k e l l y s o l v e 
B d u r i n g the h e a t i n g , g h i s h e a t i n g may a l s o be done i n a 
water ba th a t 60°to 65 C . 

A s the f l a s k s are removed from the steam b a t h , add 
about 10 m l . S k e l l y s o l v e B to prevent the a n i l i n e from 
s e p a r a t i n g . A l l o w to c o o l , then make to volume w i t h S k e l l y 
s o l v e B and m i x . Read the percentage of t r a n s m i t t a n c e 
on the Cloeman double monochrometer spectrophotometer a t 
440 mu , u s i n g the a l i q u o t d i l u t e d w i t h S k e l l y s o l v e B a s 
a b l a n k . S c a l e the we igh t of g o s s y p o l i n the 25 m l . from 
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the s t a n d a r curve or read i t from the prepared c o n v e r 
s i o n t a b l e . T h i s v a l u e r e p r e s e n t s the we ight of g o s s y p o l 
i n the a l i q u o t t a k e n . The 3 -ml . a l i q u o t i s e q u i v a l e n t t o 
0.15 m l . o f o i l . The s p e c i f i c g r a v i t y , 0.925, o f c o t t o n 
seed o i l t imes the volume g i v e s the we igh t of o i l used 
i n the d e t e r m i n a t i o n (0.925 x 0.15 0.1388 g r a m ) . 

B . C a l c u l a t i o n : 

C o n c e n t r a t i o n o f g o s s y p o l i n mg./25 m l . \ 

2.000 - l o g T 
5.171 

i n which T i s the per cent t r a n s m i t t a n c e . A c o n v e r s i o n 
t a b l e g i v i n g the m i l l i g r a m of g o s s y p o l i n 25 m l . c o r r e s 
ponding t o the per cent t r a n s m i t t a n c e may be c a l c u l a t e d 
from the e q u a t i o n . 

The 3 - m l . a l i q u o t i s e q u i v a l e n t to 0.1388 gram 
of o i l . The per cent g o s s y p o l i s found by m u l t i p l y i n g 
the w e i g h t o f g o s s y p o l found i n the a l i q u o t by 100 and 
d i v i d i n g by the weight o f o i l u s e d . 
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Determination of Color of Vegetable Oil A Spectrophotometry Method (Report of the Color Committee, A.O.C.S., May 1949) 
A. Apparatus 1.Spectrophotometer a. Coleman Model 6-4 junior, or any other spectrophotometer with the same band width at the wavelength where the color measurement is to be made. b. The instrument must be capable of adjustment to give the following reading on the standardized nickel sulfate solution (3) after setting the zero point and after adjusting the (zero density) 100 % transmittance point to (zero density) 100 °/o transmittance against carbon tetrachloride in a type rTB" 25 mm. cuvette. 400 millimicrons less than 4 % transmittance 470 " 38.Bd: 2% 510 " 73.4:3: 2$ 525 " 69.5=t;2f0 550 " 54.4±2$ 

700 " less than 2 % 2. Matched glass cuvettes, approximately 21,8 mm. inside diameter. Coleman type B 25 mm. cuvettes meets this requirement. All cuvettes should check within ifcO.6 4 transmittance at the 50 \ transmittance level. The cuvettes should be kept clean and free from scratches. 3. Standardizing filter and standardizing nickel sulfate solution. 4. Filter paper, fine porosity such as E & D No. 192, Whatman No. 12, Reeve-Angel No. 871, or S & S No. 596. 
B. Reagents 1. CP. Carbon tetrachloride. If not water white, it should be redistilled. 
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C . Procedure 

1 . The sample must be a b s o l u t e l y c l e a r . I f n o t , f i l t e r 
through a s p e c i i e d paper a t a temperature o f a t 
l e a s t 10°C. above the m e l t i n g -ooint o f the f a t . The 
sample s h o u l d not be he ld mel ted longer than nece
s s a r y , s i n c e darken ing may o c c u r . 

2. Turn on the spectrophotometer and a l l o w a t l e a s t a 
20 minutes warm-up per iod before s t a n d a r d i z i n g or 
making any measurement. A d j u s t the inst rument to 
read the zero and 100 % t r a n s m i t t a n c e p o i n t s c o r 
r e c t l y a t the c a l i b r a t i o n w a v e l e n g t h . Read the c a 
l i b r a t i n g f i l t e r . I f the c o r r e c t r e a d i n g f o r the 
f i l t e r i s not o b t a i n e d , a d j u s t the ins t rument t o 
g i v e the exact r e a d i n g f o r the f i l t e r f o l l o w i n g 
the m a n u f a c t u r e r ' s i n s t r u c t i o n s . 

3 . Se t the wave length s c a l e to the d e s i r e d w a v e l e n g t h . 
4 . Recheck the zero r e a d i n g of the i n s t r u m e n t , and 

w i t h a cuvet te f i l l e d w i t h carbon t e t r a c h l o r i d e i n 
the i n s t r u m e n t , s e t the 100 fo t r a n s m i s s i o n p o i n t 
e x a c t l y . 

5. F i l l a cuve t te w i t h the s t a n d a r d i z i n g n i c k e l s u l 
f a t e s o l u t i o n and read the t r a n s m i t t a n c e a t 400, 
470, 510, 550, and 700 m i l l i m i c r o n s . The r e a d i n g s 
must f a l l w i t h i n the r e a d i n g p r e s c r i b e d . 

6 . F i l l a cuvet te w i t h the sample u s i n g a s u f f i c i e n t 
amount o f o i l to i n s u r e a f u l l cdlumn i n the l i g h t 
beam. 

7. P l a c e the f i l l e d t t b e i n the inst rument and read 
the o p t i c a l d e n s i t y to the neares t 0 .001 from the 
s c a l e a t 525 m i l l i m i c r o n s . 

8. I f the r e a d i n g i s above 0 .700 , d i l u t e 10 m l . o f the 
sample to 100 m l , w i t h carbon t e t r a c h l o r i d e , mix 
t h o r o u g h l y , f i l t e r i f n e c e s s a r y , and r e r e a d . M u l 
t i p l y the r e a d i n g by 10 . 

9 . I f the d i l u t e sample s t i l l has a r e a d i n g above 
0 .700 , d i l u t e 10 m l . of the sample CCImmixture) 
t o 100 m l . w i t h more C C 1 , . M ix t h o r o u g h l y and r e 
r e a d . M u l t i o l y the r e a d i n g o b t a i n e d by 100. 

D . C a l c u l a t i o n 

Red c o l o r r=r D e n s i t y x f a c t o r 

F a c t o r s : 77 f o r 550 m i l l i m i c r o n s 
42 f o r 525 m i l l i m i c r o n s 


