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THE EXTRACTION OF OIL AND PROTEIN FROM COTTONSEED

BY A WATER-GRINDING AND CENTRIFUGING FPROCESS

Introduction

Development of the cottonseed industry after ex-

pansion of cotton production. The increasing population

throughout the world augmented the need for cotton, In
regsponse to this need, great improvements were made in
cotton spinning, weaving, and ginning, and these contri-
buted to the expansion of the production of cotton. As a
direct consequence of this expansion, there was a cor-
responding inerease 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 tougi: hull covered by
short lint fiber or fuzz. This made the seed hard to grind ,
reduced the gquantity of oil extracted (as the lint absorb-
ed some of the oll), and lowered the quality of the cake.

This difficulty was such that early in the ninetesenth



century a small bottle of cottonseed oil was produced at a
cost of about $12,000 (24) in contrast to the present
price of about 17 cents per pound. This diffieculty, how-
ever, was overcome by the invention of the huller,

The 1nvention of the huller and the great demand
for oll by the South in the clvil war created an appre-
ciation in the American people for the usefulness of cotton-
seed products (29), This might be one of the factors
that contributed to the wlde-scale development of cotton-
seed processing in the United States to a greater extent
than in any other cotton producing country.

Cottonseed processing. The first record of the

crushing of cottonseed to obtain oll or cake avnarently
dates back to the early Hindu writing (34). It is also
recorded that in the early stage of history the Chinese
were already using the wedge press for cottonseed c¢rush-
ing (17). ™It is not improbable that cottonseed o0il as a
food and cottonseed cake as a feed in some form was known
to that all-wise people, the Chinese, maﬁy hundred years
ago" as reported by Allison (17).

The cottonseed processing industry in the United
States was started in 1892 (43) when the first successful
mill for pressing oil was built at Natchez, Mississippi.
Up to the present, nearly all cottonseed was processed by
the hydraulic press, and the remainder by the expeller or

serew press. Recently, however, a few solvent extraction



plants have been erected for the extraction of cottonseed
0il, The cottonseed o0il, 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 meninulated than
cottonseed. Therefore a better method for cottonseed pro-
cessing seems necessary if cottonseed is to be restored

to its former supremacy,

Disadvantazes of press processing method, The hy-

draulic press system has two intermittent overations, the
cooking and the pressing, which must be coordinated. It
18 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 dissdvantages that result in a lower
grade of oll and meal, It is8 necessary to include more
hull material in the exveller feed to get a free o0il flow.
This gives a lower protein meal and a less oure oil., Fur-

thermore, the high temperature operation in the expeller



causes excessive denaturation of the protein, This will
produce even poorer vprotein than the hydraulic press,

The cooking operation, a necessity with either the
hydraulic or expeller pressing operation, requires consid-
erable equivment as well as steam and power, The meats must
be held in the cookers for a period of approximetely one
hour, whieh requires that the cookers be of large capacitv

in order to avold a bYottleneck at this point.

The prime purpose of cooking 13 to facilitate re-
moval of the oil; however, cooking is known to denature
the protein in such a way as to reduce the usefulness of
such potentially valuable industrial raw material (31).

At the same time such denatured protein alsc decreases

the nutritive value of the meal (32). Goldovski (20) re-
ported that in the press process the amount of protein de-
natured is about 28 per cent.

Disadvantages of solvent extraction method. The

press process i3 far from effective by present day stand-
ards of industry, There is no doubt that such a process
should be displaced sooner or later. It is the present
trend to replace the press method with the solveﬁt extrac-
tion method for processing cottonseed. In fact a few such
extraction plants have already been established in this
industry. There are many advantages over press methods.

The labor cost is low. No data is available for the labor



cost of processing cottonseed by thls method., However,
figures for vrocessing soybeans show that the direct labor
cost is about 14.5 per cent of that of the total (5). The
0il yield is high, There is only about one per cent oil
left in the cake or meal from the solvent extraction
process as contrasted with the 6-7 per cent oil in the
press cake, The protein in the meal 1s only slightly de-
natured since no drastic heating of the seeds 18 necessary.
However, there are some disadvantages in solvent ex-
traction which should not bhe overlooked. First of all,
the high cost of the equipment for the solvent extraction
plant makes the replacement of the crushing process with
solvent extraction very expensive., The products obtained
from solvent extraction are oil and meal only., If thepro-
tein is desired, further treatment of the meal for its
isolation is required. This will call for additional equip-
ment.

Although direect solvent extraction has been recom-
mended for many years (27, 38, 39, Lk, 47) as a method for
processing cottonseed for oil, it has only recently been
applied on an industrial seale in the United States, and

does not appear to be wlidely practiced in other countiies.

¥ In the bateh process for solvent extraction, how -
ever, the denaturation may emount to 4O per cent as was re-
ported by Goldovski (20).



Examinatiocn of the literature on the subject (33, 35) in-
dicates that solvent extraction of cottonseed presents
many problems, chief among which is that involving the
complex pigment system which is present in cottonseed,
This unique system of plgments in the kernel of the cotton-
seed not only differentiates this seed from others dmut
poses problems which are not encountered in the solvent
extraction of other commercial oilseeds. Although the
control of color is not the only difficulty, it is ome of
the principel ones encountered in application of solvent ex-
traction to cottonseed on an industrial scale,
Furthermore, Wither and Carruth {45) discovered
that gossypol, one of the principal pigments present in
cottonseed, alone could produce the symptons associated
with the so-called cottonseed injury produced in live-
stock by feeding of cottonseed in large gquantity, If
the solvent, as commonly employed in solvent extraction,
posgesses no solvent effect on those pigments, the meal
would contein most of the orlginal pigments of the seed.
Such meals, therefors, could not be used as feedstuffs
without further treatment.

Development of water-grinding process, In view of

the disadvantages in the present progesses for cottonseed
as clited above, it 1s desirable to develop a method for
processing cottonseed with the following improvements as

an aim:



(1) the process msut be continuous in order to re-
duce the direet 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 euqipmént required is not too expensive, so
that replacement of the present process would be feasible.

The water~grinding process, the technology of
which 18 to be described below, is operated chiefly with
grinding mills and centrifugze. The process mey be made
continuocus, thus reducing the labor cost. Since water is
the extraction medium, explosion hazards are eliminated,
The main operation ls 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 oroduced, Lastly, the equipment required, which
consists chiefly of mills and centrifuges, is not as ex-
pensive as that used in solvent extraction. Therefore

1t seems that the development of the water-grinding pro-

cess would be one possible improvement in cottonseed in-

dustryv,



Technology of Water-grinding Process

In the extraction of vegetable o0il with the water-
grinding process, the seed i3 pre-treasted and cleaned as
in the ordinary vrocess. The c¢leaned seed thus obtained
is used as raw material,

It has been well known that water may displace the
0il from seed. 3Several Russian mills are emploving the
Skipin process (40) at a relatively hish moisture content
in cooking oll seed ln order to asccomnlish disnlacement
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 0il. The oillseed 1s
ground so that the surface of 1t will be acceasible for
water to displace the oll. Because of the presence of
protein, the oll is usually separated out in form of an
emulsion consisting of a small portion of protein and water.
Pure o0ll 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).



L.

ducts

Separation of the clarified slurry into an oil-
phase emulsion end a protein dispersion; and

Precipitation of the protein from the dispersion,

By the water-grinding method, four classes of pro-
are obtained:

Cake, or the insoluble materials corresponding to
the ordinary cake or meal, which may be used as
livestock feed,

Protein, which is a potential industrial material for
plastics (36), adhesives (4), or fibers (4),

011, which is mainly used as food, and

Sugar-containing liquorse which may be utilized for
alcohol fermentation or yeast growth (20).

A flow sheet of this process is shown in Figure 1.
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Fig. 1. PFlow Sheet of Water-grinding
Process for Cottonseed
Products Operatlon Apparatus
Sampling
-Dry Wiley Mill
Grinding“"Wet Mikropulverizer
~Supplementary—{ Pebble Mill
Fletcher
centrifuge
Cake 4 Clarification|. or
Sharples Super-
centrifuge
Sharples Super-
centrifuge
Separation or
De Laval
centrifuge
011 4—————| Breaking of oil-phase
Protein ¢———— Precipitation of protein

Sugar solution ¢—
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Experimental Work with Water-grinding Method

After a series of preliminary experiments, a general
scheme of procedure was adopted as desecribed below.

Preparation of Sample. For each experiment a cer-

tain amount of cottonseed was weighed out. With a few ex-
ceptions, each sample was first dry ground in a Wiley mill.
The ground sémple was then mixed wlth an appropriate pro-
portion of water (usually at & ratio of 10:1 or 8:1). The
desireéd pH value of the mixture was obtained by adding
either dilute hydrochloric acid or sodium hydroxide solu-
tion. After mixing for ten minutes, the mixpgre was ready
for wet grinding.

Grinding. The purpose of grinding is to rupture
the seed cells so that the oll may be easily displaced
and extracted. Several types of grinding mills have been
employed for wet grinding cottonseed samples under various
conditions. Both single-snd multiple-stage grindings were
tried, It was finally decided to employ the mikropulveri-
zer for most single-stage wet grinding and the mikropulveri-
zer and pebble mill for multiple-stage wet grinding, A
Wiley mill was used for preliminary dry grinding.

Wiley Mill: The Wiley mill (model No. 2, manufac-
tured by Arthur H, Thomas Co., Philadelphia) was used for
dry coarse grinding as preliminary treatment for subse-

quent wet grinding. This machine consists of a set of
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revolving knives which rotate past a set of stationary
knives. The comminuting action is that of cutting. Such
coarse grinding was helpful in disintegrating the hulls
that might not be broken down in wet grinding.

Mikropulverizer: The mikropulverizer (manufactured
by Pulverizing Machinery Co.) was used for wet grinding.
This machine is essentially & high speed hammer mill.

The cottonseed was wet ground at various experimental pH
values. The water to seed ratio was 10:1 or sometimes 8:1.
If the cottonseed sampls had been preliminarily dry-ground
with the Wiley mill and was to be treated with a multiple-
stage grinding, it was usually ground twice in the mikro-
pulverizer with a No. 027 sereen. If the sample was to
be processed with the mikropulverizer alone, it was
usually necessary to pass the slurry through the machine
several times to assure satisPactory refinement. This was
performed by grinding the sample three times with a No,
027 screen, and another three times with a No. 020 screen
(2 finer mesh screen).

Pebble M111l: The pebble mill employed was manu-
factured by Paul 0. Abbe Inc., Little Fall, N. J. DPebbles
of small size were used, This mill exerts a multitudinous
point pressure on the seed which provides a favorable
condition for crushing the oil-bearing cells completely.

However, straight grinding with this machine alone was not
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effective. Therefore, the pebble mill was usually used as
a supplementary grinding tool, If such grinding was pre-
ceded by another preliminary grinding, especially with
the mikropulverizer, the o0il retention in the insoluble
materials could be reduced to a great extent. OQuite a
few experiments were performed by such combinations of
grinding.

The slurry obtained by wet grinding consisted of
an emulsion of oil, solution of vrotein and carbohydrates,
and suspension of solids. ‘he mixture was warmed to GOOC.,
and adjusted to a desired oH value with dilute hydrochloric
acid or sodiur hyvdroxide solution., After stirring well
for fifteen to twentv minutes, the mixture was readv for.
gclarification.

Clarification. Clarification 1s the process of

separating the insoluble materials from the slurry ob-
tained in prinding. It was accomvlished by using either

a Fletcher centrifuge or a Sharvles supercentrifuge.
Sometimes a combination of the two centrifugation processaes
was employed. The Fletcher centrifuge i3 a =o0lid basket
type of 12-inch diameter, manufactured by the Fletcher

Go. It rotates at a speed of 2100 rpm. The Sharvles
supercentrifuge is the tyme T41-24, The rate of rotation
is adjustable. TFor the Fletcher centrifuge, the flow was

controlled at a rate of not more than three gallons per



14

hour, For the supercentrifuge, the following conditions were

provided:
No. of the ring....... R
T empPerature, coeeeeeeeeeronss 60°C,
RH"T lllllllll * & 8 8 & 9 v B s e s F IS e Z'rO,OOO
Nozzle. e n * 0 B P b BRSSO medil]m

In this ﬁrocess, the insoluble materials were retained 1n
the centrifuge, while the c¢larified slurry was drained off
for further treatment. The solids in the centrifuge were
washed with 2 small amount of warmed water (6000.), centri-
fuged dry and dried in a drying oven at 110°C. This was
the product c2lled by the conventional name "cake", corre-
sponding to the meal that might be used as feedstuff. The
cake was analysed for its o0il content, nitrogen content
and gossypol content,

The clarified slurry consisted of the o0il in emul-
sion and the protein together with some other soluble

o
materials in solution. It was warmed agaln to 60 C.

after the pH was readjusted to the desired value by addines
acid or base, and well stirred for fifteen minutes. The
slurry was now ready for the separation process.

Separation. The separation was performed with either

a Sharples suvercentrifuge or a Delaval centrifuge. The
supercentrifuge was the same as that described for the
clarification process, The De Laval centrifuge was &
small laboratory model, The conditions for operating the

supercentrifuge were as follows:
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No., of the ring
Temperature ., .
RPM . . « « «
Nozzle .. + . .
PH o ¢« +o o &

] #7% or #8
. 60%C.

. 40,000

. Small

. 9-10

= & & e @
. & s = @
« & & & o
" e v =+ »
« s a2 0w @
R T

The conditions for operating the De ILaval centrifuge were
a3 follows:
No, of the ving . . . . . . . . . . %33 or #34
Temperature ., . . « « o« « « o« « . . 60°C,
Rate . ¢« ¢« ¢« ¢« 4 o o « o« o« o« o« o+ 3 gal, per hr,
PH & o o v 6 o o i s s e e e s . . 9-10
This process was performed for the purpese of separating
the 0il from the protein and other soluble materiasls in
the slurry. The oil-vhase, in the form of concentrated
emulsion of o0il in protein solution, has a specific gravity
less than that of the aqueous vhase. Thus, the products of
this gseparation process are (1) oil-phase, and (2) defatted
slurry.

Treatment of oll-phagse. The oil-nhase which was

composed of an average of 70 per cent oil, 19 per cent
water and 11 per cent protein, was easily de-emulsified by
heating at a temperature range of from 90°C. to 120°C. The
0il so obtained usually had a dark color. In later ex-
periments the oil-phase was de-emulsified by strong agita-
tion with a Waring Blender at a starting temperature of
60°C. The optimum pH value for this method of de-emulsi-
fication was found to be hetween 5 and 6., The oil so ob-
tailned was much lighter in color. Bach oil sample was ans-

lysed for its color and gossypol content.
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Precipitation of protein, The defatted slurry ob-

tained from the sevaration process was then carefully
acidified with dilute hydrochloric acid or with sulfur 4i-
oxide gas to a pH of 4.0. At this point the protein pre-
cipitated out from the disversion This was centrifusged
and the solution was decanted off. The protein was dried
in an oven at a temperature of 50°C. The protein was ana-
lysed for its oil content, nitrogen content, and gossypol
content.

The remaining solution was yellowish and clear. It
contained the soluble materials of cottonseed., No further
study was made with this solution.

pH value in different operations. The basic prin-

ciple of this water-grinding method is the separation of
a colloidal solution into its components, In the prepara-
tion of this colloidal solution, optimum conditions must
be provided for making these components subsequently easi-
ly separable. Since the solution is colloidal in nature,
its stability is influenced by its pH, With this point
of view, samples were prepared by controlling the pH va-
lue of the slurry. The influence of the pH value on the
experimental results could be easily observed. This will
be discussed later,

In the sequence of operations of clarification and
separation the protein must be kept in disversion so that

it will not be separated out with the cake during
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olarification or with the oil during separation. A know-
ledge of the solubllity of protein is necessary, and for-
tunately the solublility data for cbttonseed protein are
available (18).

The peptization curve for cotton seed protein at
various pH values is depicted in Figure 2., The pH values

are varied by the addition of appropriate amounts of hydro-

chloric acid or sodium hydroxlde.

100 . 6/01’8""
e
L 80 L /'
g s>,  Protein 8
3 'S
' 1
5 60 L 1 N ,
ot (] ] E
= ! ] ]
[ s !
40 -fjl i Mea%{ﬂ;;f
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20 o b \ko O’o r’
S -ty
\ ”, {
I {“b-&“] t 1 !
2 % 6 8 10 12

pH

Fig. 2. Percentage of total nitrogen pevptized in
cottonseed meal and isolated protein at different pH

Talues,
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This curve shows that the cottonseed vroteln from elther
meal or isolated protein e¢an be peptized both in the acid
range (pH 0.75 to 2.5) and in the alkaline range (pH 7 to
12)}. The peptizability in the alkaline range is much
greater than in the acid range. ZEspecially is this true
for cottonseed meal, Therefore, in conducting the clari-
fication and separation processes, it was decided to ad-
just the pH value of the slurry to at least 8 or higher
in order to keep the protein well in dispersion,.

The curve in Figure 2 also reveals that the mini-~
mum peptization is in the pH range of from 3 to 5. This
zone is several pH units broader in the case of cotton-
seed meal than for peanut meal (10). For the best isola-
tion, the pH value of 4 was chosen as the lsoelecetric
polnt for the preciplitation of protein from the defatted

dispersion.



19

Experimental Results and Discussion

The scope of this investigation is to find the
optimum conditions so that cottonseed may be separated
into useful products by the water-grinding process, About
sixty experiments have been nerformed, the first fifteen
of which were merely trials, Results from trials are not
to be included in this dlscussion.

For the purvose of discussion, experiments are
classified into four groups:

1. Preliminary set of experiments,

2. Experiments to reduce oll content in cake,

3. Experiments to reduce oil content in protein, and
L, Analysis of products,

Preliminary set of experiments. It has been men-

tioned before (p. 18), that the cottonseed protein can
be peptized easily on the alkaline side of its isoelec-
tric point, Preliminary experiments were performed with
the pH wvalues ranging from 8 to 10.5. The results from

these slightly alkaline operations are shown in Table I.



TABLE I.
DISTRIEUTION OF OIL AMONG THE PRODUCTS IN SLIGHTLY ALKALINE OPERATICY

Operation Description

0il Distribution among Products

Run ¥No. pH valus Calze Protein Oil-phasge Total Wi, in gzm, Ratio
Grinding | Clarification | Separation | Wt. in, 01l % i 011 Wt. Wi, in% 0il ¢ { 0i1 Wt.| Wt, in 0il Wt.[ 01l | Nom-oil | Cil/Won-oil
S ’ in am. s e, ; : in gm, Zm, in gm, :
17 10.5 10.5 10.5 —— . 8.96 % R L el472 E 99.0 | - 162 — — e |
18" 10.5 8.0 10.0 207 7.93  18.0 — 22,59 s 280 196 | - — —
19 10.5 10.5 10.0 - § 9.l5 i —— - % 28.75 | ---- ? - - e e e :
16" 10.5 .0 8.0 219 | 13.49 } 29.6 i 297 % 18,24 54 b % 210 g 147 % 231 726 0 0.3 :1 §
21 9.0 9.0 8.5 210 % 11.05 . 23,1 351 ! 26.66 | 93.3 é 240 E 168 é 285 % g01 2 0.36 : 1 %
23 10.5 10.5 8.0 210 i 11.05 g 23,1 342 | 27.85 | 94,5 % 2uY § 170 5 288 ; 796 ; 0.36 : 1 %
25 10.5 10.5 9.0 203 % 12.01 é a2yy 2y 22,15 71.8 % 296 ; 206 % 302 § g2z } 0.37 1 1 %
27 10.5 10.5 10.0 214 i 11.59 ; 24,8 324 25.05 81.2 l 279 195 ' 301 ; 817 I 0.37 1 f
L | |

d

(1) Weight of cottonseed sample in each experiment is 1000 grams.
(3) The cottonseed was first ground dry in Wiley mill; then wet grounrd in mikmpulveri.zar.
} Sharples supercentrifuge was used in clarification,
(4) De Laval centrifuge was used in separation, exeept those marked with *

» in which cases Sharples supercentrifuge was employed.

20
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The cottonseed which was used as raw material in
this study was supnlied by the Buckeye Cotton 0il Co.,
Atlanta, Georgia. It was prcduced in Georgia. The analy-
sis of the cottonseed showed the following results:

0il contenteeeesses.. .. 31.04% (on sample received)
Moisture.....ccoeeveees 7.81%

Protein. ceeeeeeavecoes 31.2%
GOSSYDPOl.i.cveoersnsasss H.81 mg. per 1000 g,
Calculating on the basis of the analysis, 1000 grams of
air-dry cottonseed is equivalent to 921.9 grams of mois-

ture free cottonseed, of which 310,.4 grams is oil,

From experiments such as Runs Nos, 21, 23, 25, and
27 in Table I, it 1s found that the total weight of oil
distributed among the three products - cake, protein,
and oil, - is 285-302 grams, It was also found that the
loss of oil-phase in the dises of the De Laval centrifuge
always amounted to 10 to 20 grams. That is to say, the
0il lost in operation was about 7 to 14 grams. Such op-
erational loss may be eliminated or reduced to a minimum
in continuous operation, The sum of the oll lossg plus
the total weight found amount to 96 per cent of the ori-
ginal o0il content in cottonseed. If conditions could be
provided so that the extractable portion of o0il could be
restricted in the oil-phase instead of being widely

distributed among the products, it would be possible to
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have an oil yield of about 96 per cent by this process.
The total weight of products in these experiments exceeded
that of the raw material, Such excess was due to the in-
clusion of some water both in the o0il and in the protein.
In the last column of Table I the weight ratio of the

0il to non-cil materials is fairly constant, indicating
the consistency of the results.

Experiments on reduction of o0il content in c¢ske.

In the preliminary set of experiments, the oil content

of the cake usually was found to be high. Such high oil
contents may be attributed to retention by the o0ll cells
whiech had not been satisfactorily ruptured in the grind-
ing process, or to poor clarification of the slurry. It
has been claimed that satisfactory rupture of the o0il cells
might be attained by subjJecting the material to a multi-
tudinous point pressure effect. The pebble mill would
gerve for this purpose if such was the case. However, 1t
was found that the pebble mill alone could not grind the
seed satisfactorily. Therefore a set of exvperiments was
conducted with a combination of grinding methods. Some
of the samples were also clarified by double centrifuga-

tion, The results are shown in Table ITI.



OIL CONTENT OF THE QAXE UNDER EXPERIMENTAL CONDITIONS

TABLE I1

Cottonseed
Run No.| Sample ¥ Water Grinding - Separation Analysig of Cake
. . . 1st. 2nd. Wt. 01l Wt.!
Wte in om, | pH  lgb. Mill| 2nd, M111 ; pH | Centrifuge| Centrifuge |in gm, 0il1 %  in gm,i
o Mikropul- | _= . A ;
5 1600 10.5 | verizer 9:0 ;Sharple P [202.7 12,01 2u,3Y :
30 2000 12,0 » Febble  112.0 Fletcher | —m 2071 161 30.23 |
i | 4 4 . ;
31 500 12.0 . — 12.0 :sharple | - 110.0  13.0%  ql.zy |
i T
32 1000 12.0 " Pebble 12.0 u — 151.7 5.3 g.22 :
" | T
33 1000 10.51 o 0.5, " — 226.5  3.98 9,01 |
M :
3)+ 500 10.5 f " 10.5 : ] — —— 108.0 3.88 ]4‘.23 E
36 500 8.0 0.5 ° - 1140 10,70 12,20 |
he 500 7.0 " 10l5 E " Sm—— ]11]']'.0 7.50 8‘56
Ly Pebble 10.5 | w !
1000 7.0 5 [Fletcher | sharples 2575 9.2 2370
" |
45 1000 8.0 ’ 10.5 . ° Sharples  [223.1 12,45 27,78
1§
L6 1000 5.0 . 0.5 Sherples  [239.2 13,74 32,77

® All the samples were first dry ground in Wiley mill.

* With two more liters of water than in Run No. 42.

€2
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¥rom the results of this set of experiments,
several remarks may be made, In the first place, when
the sample was ground with a mikropulverizer and then
with a pebble mill at the pH value of 10.5 to 12, the oil
content in the cake was reduced to a great extent. Run
No. 5, which was ground with the mikronulverizer alone at
a pH value of 10.5, resulted in a cake with an oil content
of 12.01 per cent. In contrast to this, a supplementary
grinding with the pebble mill was in Run No. 34 resulted
in an o0il content of 3.88 per cent. Runs Nos. 33 gqnd 34
show that the results were reproducible,.

However, when the combination grinding process
was conducted at lower pH values, the reduction of the oil
content was not as effective. This is shown in Runs Nos,
Li,, 45 and 46. Such differences in results might be ex-

plained by the fact that the poor peptization of the pro-

tein prevented the release of 0il from these insoluble
materials,

Using the Fletcher centrifuge alone as in Run No.
30, the clarification was not effective even under grind-
ing conditions satisfactory in other cases. This was due
to the inefficiency of the centrifuge. The supercentri-
fuge alone was found suitable for clarification.

As far as the percentage of the oil lost in the

cake is concerned, the highest loss was about 3 per cent
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of the total oil In the cottonseed, When the sample was
ground under favorable conditions, the loss was reduced
to less than 1 per eent, 0.82 per cent being the lowest
recorded (Run No. 34).

Experiments on reduction of oil content in the

protein. In the preliminary set of experiments, the oil
content in the protein was generally high. Such retention
of oill {n the protein is probably due to the high stability
of the emulsion formed by the dispersion of the 0il in the
aqueeus solution., The stability of the emulsion made it
difficult to effect sharp separation between the oll and
the protein in the course of separation. ZExperiments were
devized to study the conditions which would be most favor-
able for decreasing the stability of the emulslon so that
the amount of o0il in the protein might be reduced to a
minimum.

The degree of stability of an emulsion may be in-
fluenced by thé pH value during its formation. Therefore,
changing the pH value at grinding to a different value
during separation may vary the results of the o0i1l and pro-
tein separation. Both high pH value grinding and low pH
value grinding were Investigated, and the results were

shown in Table III.



TABLE III

OIL CONTENT IN PROTEIN UNDER EXPERIMENTAL CONDITIONS

| Cottonseed ;
Run No. ! Sample ¢ Water Grinding Clarification . _ Separation __ _: 0i1 %
Wt, in gma, oH_] Mill P | Centrifuge pH | Centrifuse . in Protein
Mikropulver- : :
30 2000 12,0 zer * 12,0 i Fletcher 9.0 | Sharples ! 5.73
3 1000 12.0 | " ¥ 12,0 | Sharples 10,0 | " 2.18
» ; i
33 1000 10.5 | L 10.5 ¢ " g.0 !  ® 29.10
h 500 10.5 " 0.5 " 10.5 1 " L 25.9
y2 1000 7.0 ! " 10,5 " 9.0 " : TR
43 1000 7.0 | " 10.5 | Fletcher ® 9.0 " 6.05
3 t
45 1000 50! " 10.5 no @ g0 » 4,87
i *
46 1000 5.0 | " 10.5 @ g 3,68
I .

¢ All the samples weye first dry ground in Wiley mill.

* Combination with second grinding in pebble mill,

@ Combination with secoénd clarification through Sharples supercentrifuge.

9¢
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From Table IIT one can easily find that the oil content
in the vprotein mav be zgreatly varied by varying the pH
values during grinding. When grinding at pH value of 10,5
(Runs Nos. 33 and 34}, o0il retention always occurred. If
the sample was ground in the nieghborhood of the pH value
of 12, as in the case of Runs Nos., 30 and 32, the oil was
greatly released from the protein. Similar results have
been obtained in cases emvnloying low pH grindine (i.e.
Runs Nos. 42, 43, 45, and L6).

The cause of reduction of 0il in the »rotein is
not exactly known. It might be due to the destruction of
some substances, for instance phosphatides, the preserce
of which cauée the oil-protein emulsion semaration diffi-
cultY No definite explanation can be offered at vresent,
It requires further studv,

Based on the analysis of cottonseed (n.21), the
percentage of total oil in the sample retained bv the
protein may be caleulated. The average values are shown

below:

Grinding at »H 12
‘ (Runs Nos 30 and 32)........average 4.00 %
Yrinding at pH 7

(Runs Nos, 42 and 43).......average 5.28 %
Grindinz at oH 5

(Runs Nos. 45 and 46).......averace L .29 %
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Therefore the reduction of oil content in the pro-
tein may be attained by either high or low pH value grind-
ing. 1In view of avoiding too much saponification of the
0il at high pH value during the drastic grinding, as is
the case in mikropulverizer grinding, it seems better to
grind the material at rather low pH value in the neigh-
borhood of 5 to 7. On the other hand, as it was indicated
before, the reduction of o0il content 1n the cake could be
attained at a pH in the neighborhood of 12, However, ,such
conditions may be provided when the sample 1s ground in
the pebble mill, whiech is not so drastic as it would be
in the mikropulverizer. Therefore, if the sample is first
ground at low pH value in the mikropulverizer and then
adjusted to a higher pH value in the pebble mill, the oil
reduction in the cake and in the protein may be both
satisfactorily attained.

Inspection of Tables II and IIT shows that both
Runs Nos. 32 and 42 may illustrate the fact that satis-
factory results of low oil content in both the protein
and the cake at elther high pH value or low pH value
grinding may be attained., In Run No. 32, the percentage
of the original oil in the cottonseed lost In the cake
and in the protein were 2.64 and 2,19 respectively, making
a total loss of 4.38 per cent. For Run No. 42, the res-
pective values were 2.76 and 4.47, the total loss being

7.23 per cent.
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Assuming that the oil lost in the cake and in the
protein were the only loses in a continuous overation,
the o0il yield from this water-grinding process should

aporoach 92 to 95 per cent,

Outline of oneration. From the results obhtalned

so far, it would be easy to visualize the appropriate
conditions for operating the water-grinding process for
cottonseed. Although it 18 outside the scope of this
work, a tentatlive procedure for suech oneration may be
outlined for future work,

1. The cottonseed is cleaned and delinted as in the
ordinary process,

2. ™he cleaned cottonseed is 4dry ground in a coarse
mill,

3. The coarse ground cottonseed is mixed with 10 parts
of water and ground at a pH in the neighborhood of
7 in a mikrovoulverozer or some other pOWerful mill
to produce a slurry,

L. The slurry is adjusted &6 a pH wvalue in the neigh-
borhood of 12 to produce an alkaline slurry for
grinding in a pebble mill,

5, The alkaline slurry is warmed to 6000., stirred
for a period of time and clarified in a centrifuge
of the bhasket tyve,

6. The insoluble materials in the basket of centrifuge
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is washed with a little water, and dried at 100°C,
to produce eake for animal feed,

The clarified slurry from the basket type centri-
fuge is warmed to 6000., and passed through either
a De Laval centrifugze or a Sharples supercentrifuge
under proper conditions to separate oil-phase from
protein dispersion,

1he oil-phase from the separation process is ad-
justed to a pH value in the neighborhood of 6,
warmed to 6000., and agitated with a strong agi-
tator to separate oil from water and protein,

‘he protein disversion from the separation nro- i
cess is adjusted to a pH value of exactly L to
precipitate the protein,

The protein is centrifuged to remove excess water

and dried with air at a temperature of not over

The remaining solution from the precipitation of
the protein may be used over agailn as water for
grinding in the next batch, or used as a source

of fermentable raw material.
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Analysis of products. As mentioned previously

there are three classes of wnroduets produced by this nro-
cess, Althourh the solution remaining from the precivi-
tation of the protein might be considered as the fourth
class of product, it will not be included in this study
as it could be used over again in place of fresh water.
For each product no complete analysis was attempted, but
a few determinations were selected for each in order to
give a general idea of the qualitv. Only gossyvpol con-
tent and color of the o0il were determined. For the cake
and the protein, the nitrogen content and gossypol con-
tent were determined. The ash content of a few protein
samples were also included.

Tor color determination of the oil, the method
recently adopted by the American 0il Chemists' Society
was followed (37) (see Appendix III).

The newly modified spectrophotometric method of
Smith (41) was employed for the estimation of gossypol
content in the products. Its desecriptiocs can be found
in the Appendix (see Apnendix II, A and B).

All nitrogen determinations were run by the offi-
cial A.0.C.S. ¥Kjeldahl-Cunning-Arnold method. A desg-
cription of this method also can be found in the Appen-~
dix (1) (see Anvendix I, C}.

The ash and the moisture determinations were also

run by the official A.0.C.S. methods (1) (see Apvendix I).
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The presence of the dark pigments in cottonseed has
always constituted a problem 1n the utilization of this
material as a seed of oil and protein., Wither and Carruth
(45) discovered that gossypol, one of the principle pig-
ments in the cottonseed, alone could produce the symptom
associated with the so-called cottonseed injury produced
in livestock by the feeding of cottonseed in large quan-
tities. TFollowlng this discovery, Carruth and co-workers
instituted an investigation of the chemicsl properties
of gossypol. Carruth later found (14) that the reduced
toxicity of cottonseed meal brought about dy heat treat-
ment could be correlated with a reduced content of ex-
tractable gossypol., Clark (15) published a series of ar-
ticles on gossypol derivatives in which he showed among
other things that gossypol can be extrected with anlline
from heat detoxified gossypol meal, By analogy to the
reaction with aniline Clark proposed (16) that the "bound”
goasypol was gossypol that had combined with the protein
In the cottonseed, and thus had been rendered non-toxic
and unextractable with ordinary solvents.

The early investigations (9, 21, 22, 42, L6) of
the anatomy of the cottonseed noted the occurrence of the
pigment glands and reported observations of their reaction
with water. The pigment glands, which contain all of the

gossypol and its derivatives in the seed, possess a thick,



33

atrong, resistant wall which presumably protects the gland
contents from direct contact with the components of the
gurrounding tissue in the intact seed. These glands possesses
such high mechanical strength that in seed of normal mois-
ture content only a small fraction of them are ruptured
under the prescsure and shearing stresses, to which they
are subjected during the rolling or grinding of seed pre-
paratory to pressing or extraction., Consegquently, the
pigments glands ontaining the intraglandular pigments re-
main in the meal unless processing conditions are such as
to rupture the gland walls., The gland walls have been
shown {6, 7, 8) to be resistant to the action of most 1i-
guids except water and a few water miscible organic li-
quids of low molecular weight, Contact with water causes
instantaneous rupture of the walls and the expulsion of
the gland contents, The sgensitivity of the glands to wa-
ter increases as the temperature is increased (8),

From the consideration of the characteristic pro-
perties of pigment glands of the cottonseed as described
above, it can be related that the piggent problem en-
countered in the press process is as serious as it is in
the solvent extraction process, In the water-grinding pro-
cess, it can be foreseen that nearly all of the gland walls
will be:rﬁptured and all of the contents will be extractable
ifT they are not destroyed under the treatment. Thus, the

meal produced by the water-grinding process will be nearly
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free from gosgsypol, Since gossypol is not a stable com-
pound, at least a part of it will be destroyed under the
treatment of this process. Most of the undestroyed nor-
tion will be bound with the protein, and some will be
dissolved in the oil. The goscsypol determinations of

the samples in this investigation are shown in Yable IV,
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TABLE IV
GOSSYPOL CONTENT IN PROTEIN AND CAKE

i % of Gossypol Wt.of Gossypol in mg: . :
Run Noij i?ufr??ein gin Cake jin Protein'[}P,Cake E Nﬁ&tfniirgzizn

21 ¢ 0301 0,010 1,00 | 0.02 50311

22 ¢ 0325 ] 0.010 0 0W47 | 0.02 ¢ 24 31

23 | 0.318 i 0,009 | 1.08 | 0.02 | 54 1

24 1 0.248 | 0,016 ~—- L — -

25 1 0,250 | 0,012 c.81 | 0.02 | 40 3 1

26 -— £ 0.013 | --—- P oe— —

27 0,300 ; 0.010 = 0.96 0.02 ! 40 ¢ 1

28 4 - [ 0,009 000 —_ e

29 0,301 | 0,00 = 0.90 0.03 30 ¢+ 1

30 0,240 § 0.012 0.86 0.03 | 29 : 1

31 0,206 : 0.012 . 0.58 0.01 58 1 1

32 0.26 !} 0,008 . 0.50 0.0L | 48 11

33 0.275 0.009 ¢ 1,13 0.02 ! 57 11

34 0.287 0,009 | 0.62 0.01 62 11 4
35 04240 0.009 ©  0.37 0.0L | 37 ¢ 1 _
36 0234 1 0,000 | 0.3l .01 ! 31:1 ;
37 0.258 | 0.009 | 0.36 | 0.01 36 11 i
38 0.258 0,009 | == | e - :
39 0.259 0,010 — [ — ' — |
40 0.240 0,009 -— | —— — ;
A 0.275 0,009 —_ = —- é
42 0.222 0.009 0.27 | 0.01L | 27 1 1 ;
43 04250 0,008 0.67 | Q.02 33:1 ;
45 04280 0.009 0.40 . 0,02 20 ¢ 1

46 0.266 0.C09 0.38 . 0,02 19: 1

47 0,270 0,008 0.85 | 0.02 4811

48 04246 0.008 0.21. ! 0.03 27 : 1

£9 0.219 0.009 0.8 | 0.03 16 2 1

Weight of gossypol is calculated ob the basis of 1000-g.
sample. 1000 g. cottonseed contain 5.8l mg. gossypol.
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The gossypol recovered in the oll, protein and cake
was always found to be less than 20 per cent of the total
present in cottonseed. That 1s to say, more than &0 per
cent had been destroyed during the course of operation
in the water-grinding process. The weight ratio of gossy-
pol in the protein to that in the cake as shown in the
last column of Table IV shows the concentration of pig-
ment in the protein.

The gossypol in the cake was either very low
originally or was destroyed during drying. Lyman, Holland,
and Hale {25) found that cottonseed meal with 0.02 per
cent gossypol would not cause injurv of any kind to ani-
mals even when fed at a level of 25 per cent of the total
ration for a considerable length of time. The cake pro-
duced by this water-grinding method contained always less
than 0.02 per cent gossyvol., Such traces of gossypol in
the cake wlll make 1t suitable as feed for livestock,

The gossynol content of the oil was found to be
in the range of 0.0) per cent to 0,02 per cent, as show-
ed in Table V. This low content will not only render the
01l nontoxie, but also will present no color problem as
is the case with the press processes. The oil of "basic
prime" quality will have a color not greater than 35
vellow and 7.6 red on the lovibond scale, Premiums are

allowed on color lighter than this. "The average refined
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oil derived from »rime crude oll, having a color or 35
vellow and 7.6 red, will vield a bleached o0il hawving a
color of 20 yellow and 2.5 red, which is the standard
color for Bleachable Prime sSummer Yellow cottonseed oil.
All o0il samples produced by the water-grinding process
are within these limits. Cil produced from the oil-vphase
by agitation without direet heating will have a color

much lighter than that produced from the press method.

TABIE V
COLCR VALUE AND GOSLYPOL CONTENT IN OIL

Run No. Preparation Color Determination Gossypol
from Oil-phase Transmittance % Opt.Density Red %
t
! 30 Rendering to 120° 62.5 0.204 8.6 0.012
i 32 " non 62.8 04202 8.5 0,016
33 " o 90° 64,40 0,194 g.1 0,015
34 " won 63.0 0.201 B.4 0,017
P42 Agitation 6643 0.178 7.5 0,019
43 " 67.0 0,174 7.3 0,015
YA " 68.3 0.165 6.9 0,016
A " 677 6.170 7.1 0,014 2
! : : !
! Combination of o0il 66.0 0.181 7.6 0.018

samples, hy agitation
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The determination of nitrogen in the cake indicated
a rather low protein content, This is shown in Table VI,
According to the Rule of the Association (30), the meal
from cake of Prime Quality contains not less than 36 per
cent protelin. Samples produced in this study contained
about 20 per cent or less, which would be comparable with
the "whole Pressed Cottonseed"” or Exveller Cake"™, with

vrotein content of 20 per cent,



NITROGEN DETERMINATION IN CAKE

TABLE VI

Calte i__0il Content ! Nitrogen Determination
Run No, % in Céttonseed ] W, in gm, | { % of Nitrogen % of Protein

21 21.00 : 210 f 11.05 2.0 15,01

23 21,00 : 210 j 11.05 3.10 19.40

25 20.27 ; 20 : 12.01 2.50 15.60

27 21,42 ' 21 f 11.5 3.25 20.50

31 22,00 i 110 ; 15.0 1.05 6.52

32 15,17 : 152 ; 5015 2,00 12,50

33 22,65 ; 227 ; 5.98 2.4 15.01

3k 21,60 ; 108 : 3,88 2.00 12.50

35 22,80 ﬂ 114 ; .10 2.320 14,k0

36 22,80 § 114 ; 10.70 2.30 15.62

Eg 22,01 : 110 : 9.20 2.5 15.30 ;
25450 : 127 ; 9.60 2.23 13.99 j

41 28.15 g 14 ; 10,60 2.80 17,45 i

42 22,82 5 11 j 750 2.50 15.63 5

ga 26400 ; 260 % 14.69 2.70 16.90 J
25.75 ; 258 § 9.22 2.85 17.80 :

L5 22,31 | 223 i 12,4 2,51 15.62

45 25,92 ; 239 | 13,7 3409 19,40

L7 28.00 | 280 | 9.57 3.28 20,5

L8 28.00 | 280 | 9.57 3.25 20.3

L9 32,70 ‘ 327 10.60 3.05 19,00

50 31.94 i 319 [ 9.22 3.31 20.69

6¢
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The nitrogen content in the protein is a relia-
ble criterion of its quality. According to Arthur (2),
peanut protein containing more than 16 per cent nitrogen
and less than 2 per cent ash is satisfactory for the pro-
duetion of fibers and adhesives, which require the use of
raw material containing more than 95 per cent protein (11,
12, 13, 19, 28). This will be equally apolicable to the
cottonseed protein, Table VII shows the nitrogen deter-
minations carried out in this study. The low protein
content together with the high gossypol content, as shown
in Table IV, rendered the isolated protein from this in-
vestigation unsuitable for direect utilization. A process

of purification is required,



TABLE VII
NITROGEN DETERMINATION IN FROTEIN

§ Run No. Oil%Content ' Nitrogen Determination Percentage of Protein
{ Nitrogen % Protein % | On Oil-free Basis

1 26.66 11.80 74.00

3 27.85 11,00 68,20 96,5

25 22,15 12.40 77.20 99.0

27 25,05 12,00 74450 98.5

31 9,94 13.60 85.10 9.8 i
32 2.18 14.80 92.10 94,2 X
33 29.05 11.00 68.75 94,0 j
34 25,19 11.20 70,00 94.0 i
35 11,20 13.00 8l.25 91,5
36 13,50 13.20 82.50 5.2

37 1,16 15.35 95.65 96.8

40 7.70 15.02 93.282
42 Lal5 15.02 93.82 97.5
43 6,05 14.78 92.50 98,2
44 15.20 14.82 82.53
45 437 15.00 93.75 98,0

46 3.08 15.51 96.88 99.5
47 31.79 10,00 62.50 90.8
48 18,04 13.49 84450
49 37.11 9.25 57.82 95.2

I
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Conclusions

Wet grindineg under slightly alkaline conditions (pH

8 - 10.5) results in a wide distribution of the oil
among the products,

Grinding at pH value in the neighborhood of either

7 or 12 will reduce the o0il retention in the protein
to only abcut 2 - 4 per cent.

Urinding et pH value in the neighborhood of 12 to-~
gether with a supplementary grinding irn the pebble
mill will reduce the oil retention in the ceke to

L .25 per cent, which is equivalent to 0.82 per cent
of the total oil content in cottonseed.

Calculation from the results indicates thet by the
water-grinding method an 0il yield up to 95 - 96 per
cent is feasible.

About 80 per cent of the total gossypol in the cotton-
seed is destroyed in the course of this process,

The remgaining undestroyed gossypol (about 20 per cent
or less) is concentrated in the isolated protein.

Less than 0.02 per cent gossypol was found in either
the cake or the oll. Such traces of gossypol should

not give problem of toxiecity of these products,
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8. Since the oil produced by the water-grinding method has
a color lighter than that produced from the press
method, no color problenm should be encountered,

9. The nitrogen content in the cake is lower than the
meal or cake of Prime Quality, but 1ls comparable
with Expeller cake.

10, The analysls of the isoclated protein indicates that
this product is not pure enough for direct use with-

out further purificeaetion.
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APPENDIX I

American 0il Chemists' Society
Official Method of Analysis

A. A.0.C.5. 0fficial Iethod Ba 2-38:; Moisture

Apparatus:

1. Aluminum moisture dishes, 3-gauge, 2 x 3/4 -inch
tight fitting slin-over covers.

2. Forced draft oven, A,0.C.S. Specification H 1-39.

3. Descicator containing efficient descicant.

L. Jones sampler, riffle tyve, 6 x 6-inch,

Preparation of Sample:

1. Reduees the original 1000-g. sample through the
riffle to a ca. 100 g. and immediately place in
air-tight container. Welgh moisture sample imme-
diately.

Procedurs:

l. Weigh ca 5 g, of the sample into tared moisture
dish. '

2, Place the dish in the oven and dry at lOlOC. for
2 hours.

3. Remove from the oven, cover immediately, cool in
a desclicator to room temperature and weigh,

Caleculation:

Moisture % —— _L0S8 in weight x 100
' Weight of sample
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APPENDIX I (continued)

Apparatus:

. Butt type extraction apparatus.

. Filter paper, 150 mm,

. Absorbent cotton free of petrnleum ether extract.

. Porcelain mortar and pestle, The mortar must be
at least 4 inches i.4. at the top, the pestle
handle must be large enough to afford a firm
hend grip. The inner surface of the mortar is kept
rough by occassionally grinding sand in 1it.

5. Sieve, U.S. No. 20.

6. Laboratory mill suitable for grinding the sample

to a max, particle size of U.S. No. 20 sieve.

£

. Reagent:

1. Petrleum ether, A.0.C.S. Specification H 2-41,
Preparation of sample:

1. Grind the 100-g. portion from A.0.C.S. Official
Method Ba-2-38, Section B, through the laboratory
mill to a uniform fineness, ca 20-mesh. Return
immediately to an air-tight container. 0il, ground
moisture, and ammonia are determined on this por-
tion.

Procedure;: {(a) Meal and ground cake.

l. Weigh ca 5 g. of the ground sample into a filter
paper and enclosed in a second filter paper fold-
ed in such & fashion as to prevent escape of the
meal. The second paper is left open at the top
like a thimble. A plece of absorbent cotton may
be placed in the top of the thimble to distri-
bute the solvent as it drops on the sample.

2. Place wrapped sample in the Butt extraction tube

and assemble the apparatus. Put ca 25 ml. of petro-

leum ether into the tared extraction flask before
attaching to the tube.
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3. Heat on a water bath or electric hot plate at such
a rate that the solvent will drop from the conden-
ser on the center of the thimble at the rate of at
least 150 drops per minute.

L. Keep the volume of solvent feirly constant by add-
ing enough to make up for any that may be lost due
to evaporation. Continue extraction for 3 hours.

5. Cool and disconnect the extraction flask. Evapo-
rate the ether on a steam or water bath until no
odor of ether remains, A gentle stream of c¢lean,
dry air mey be used to facilitate removal of the
solvent. Cool to room temperature, carefully re-
move amy moisture or dirt from the outside of the
flask and weigh, Repeat heating until econstant
weight is obtained,

6. Determine the moisture in the ground sample as
directed in A.0.C.S. Official Method Ba 2-38.

D. Procedure:(b) Cottonseed meats,

1. Weigh accurately ca 2 g, of the ground sample and
proceed as directed in (a) above, continuing the
exteaction for 2 hours only,.

2. Remove the thimble from the Butt tube, allow the
ether to evaporate from the filter paper and sam-
ple at room temperature, Then carefully transfer
the sample to the mortar so that there will be no
loss., Grind the sample in the mortar with the pes-
tle for at least 1 minute or with 100 vigorous
strokes. Use no abrasive.

3. Return the recround sample to the same filter pa-
per and continue the extraction as before for 2
additional hours. From here on, proceed as directed
in (a), paragravhs 4, 5, and 6.

E. Calculation;

011, 4 -—— _Welght of oll x 100
— Weight of sample
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APPENDIX I {(continued)

¢, A.0.C.8. Official Mathod Ba =38
Nitrogen-emmonia=-protein

A, Apparatus:

1.

2.
3.

Kjeldahl digestion and distillation apparatus, com-
plete with heat souree, traps, and block-tin or
equivalent non-corrosive tubing containers.
Kjeldahl flask, 800 ml.

Distillate receiving flasks, 500 ml, or any con-
venlent size.

Reagents:

l.
2

3.
b,
5
6

7.
8.
9,

Mureury or mercuric oxide, A.C.S. grade,
Sulfrie acid, sp. gr. 1.84.

Zinc metal, granular, 20-mesh,

Potassium or sodium sulfate, A.C.S. grade.
Potassium or sodium sulfide, 4 % solution in water.
Sodium hydroxlde solution, sp. gr. 1.50.
Sodium hydroxide solution, 0.25 N, accurately
standardized,

Sulfrie acid, 0.5 N. accurately standardized.
Mthyl red indicator solution, 0.1 % in ethyl
aleohol or alizarin red S, 0.3 % in distilled
water,

Procedure:

1.

2.

Use a sample prepared as directed in A.0.C.S.
official Method,Ba 3-38, Section C.

Weigh 1.7032 g. of sample into Kjeldahl flask. If
calculation are carried out in term of N, weigh
1.4008 g. Add ea 0.5 g. mercury (0.7 g. merecury
oxide), 10 g. of K,30, or NapS80, and 25 ml. of
H,80, .

Piac% the flask on the digestion rack (in an in-
¢lined position} and heat, below the boiling point
of the acid, for 5 to 15 minutes, or until froth-
ing ceases,

Increase the temperature and digest until diges-
tion is complete., A good indication of this is
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when the liquid becomes clear and colorless, but to
be certain, heating should be continued for at least
30 minutes beyond this point,

5. Cool, add ca 300 ml. of water, a few granules of
zinc to prevent bumping, and sufficient sodium sul-
fide solution (usually ca 25 ml.) to precipitate
all of the mercury.

6. Transfer accurately a sufficient quantity of the
standard acid into receiving flask so that there
will be an excess of at least 0.5 ml. of 0.5 N
acid, Add sufficient distilled water to cover the
end of the outlet tube and attach to cutlet end
of condenser tube, The distillate should discharge
through a glass tube at the bottom of the receiv-
ing flask,

7. Mix thoroughly and add sufficient alkeli solution
(usually 60 ml.) to make strongly alkaline. Pour
alkali down the side of the Kjeldahl flask so that
it does not mix with the acid at once.

8. Connect the Kjeldahl fleks to the other end of the
condenser tube and miz the contents by shaking.
Apply heat and distill until at least 150 ml. of
distillate have been collected.

9, Titrate the content of the receiving flask with
0.25 N NaOH solution using 3 or 4 drops of indi-
cator,

10. Conduct a blank determination on the reagents
simultaneously with the sample and similar in all
respects.

11. Determine moisture in the ground sample as direct-
ed in A.0.C.S. Official Method Ba 2-38 Section C.

D. Caleculation:

(B-5) x N x 0.014008 x 100
Welgh of sample

Nitrogen, % ——

B=ml, of alkali back titration of blank
S=—ml. of alkali back titration of sample

% nitrogen x 6.25 —— % protein
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APPENDIX I (continued)
D. A.0.C.S., Officlal Method Ba 5-47: Ash

Apparatus:

1, Porecelain combustion capsule, Coors No., 170, size
No. 3 35-ml. capacity,
2. Eleectrie muffle furnace with automatic pyrometer
contgol to regulate at a temperature of 600° C,
15¢ C.
3. Desicator contalning an efficlent desicant.
4o Alr-tight sample contalners of convenient size,

Preparation of samples:

1., Use sample prepared as directed in A.0.C.S. Offi-
cial Method Ba 3-38, Section C, paragraph 1.

Procedure:

1. Weigh 2 g. of well mixed sample into the previous-
ly heated and tared combustion capsule, place in
muffle furnace previocusly heated to 600°C, and
maintain at this temperature ( 15°C,) for 2 hours.

2, Transfer capsule to a desicator, e¢ool to room tem-
perature and welgh immediately thereafter.

Calculation : (Report to nearest 0.1%).

Weight of ash x 100
Weight of sample

Ash, % —
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APPENDIXTT

A. Estimation of Gossypol 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, No, 17244,
Central Scientific Company. The cardhoard washer is
removed from the screw cap and replaced with a washer
cut from a sheet of rubber packing.

To a 2-gram charze of cottonseed meal placed in
the Waring Blender container, add 20 ml, of 30 % (by
weight) alcohol {384 ml. 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 peried,
Add 55 ml. of 72 % (by weight) alcohol (830 ml. of 95 %
alecohol diluted to 1000 ml.) to glve a mixture having
an alcoholic content of 60 % by weight. After adding
15 ml. of peroxide-~-free ethyl sther, blend for 5 minutes,
Stop the blender and rinse down the walls of the con-
tainer by swirling once during the perilod 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. heaker,
Rinse the cap and Jjar with a stream of the alecochol-ether
mixture (1000 ml. of 72 % alcohol by weight to 70 ml. of
ether), used for washing and meking 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 9480},
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. volumetriec
flask, containing 5 ml. 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 alecohol-ether
mixture.

Use a charge of 0.2500 gram of cottonseed meats
(or the protein) for the determination and mix the 20 ml.
of 30 % and the 55 ml. of the 72 % aleohol before addiine;
otherwise a stickv paste is obtained which is not readily
extracted., The 15 ml, 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. Nilute one of the aliguots 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 aliguot 0.5
ml. 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 600C.,). Re-
move from the steam bath, add 5 to 10 ml., 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 vper cent transmitftance on the spec-
trophotometer at LLS5 wwAe using the blank prepared from
the extract. Take care to avoid contaminating the blank
with aniline,

The welght of gossypol in milligram in 25 ml. may
be scaled from the standard transmittance-concentration
curve or read frowm the nrenared conversion table.

B, Calculation:

Concentration in mg. of gossypol/25 ml.—

_2.000 - 10g T
L. BL6

in which T is the per cent transmittance. A conversion
table giving the milligreams of gossynol in 25 ml. corres-
ponding to the per cent transmittance may be calculated
from the eguation,

The value obtained is the per cent of gossypol in
cottonseed meal., 4n the case of cottonseed meats (or the
protein) the milligram of gossypol found per 25 ml, times
8 gives the per cent of gossypol.
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APPENDIX IT (continued)

B. Spvectrophotometric liethod for ¥®stimation
Gossypol in Crude Cottonseed 01l
(F. H., Smith: Ind. Eng. Chem. 18 41, 1946)

A. Procedure:

Filter the crude cottonseed oil under reduced
pressure through a layer of washed IHyflo Super-Cel
about 2 mm. thick placed over a disk of filter paper
in a Hirseh funnel. (It is necessary to wash the Hyflo
Super-Cel with hydrochloric acid to remove the traces
of iron vpresent, as iron destroys the gossypol. Boill
100 grams of Hyflo Super-Cel with 600 ml. of distilled
water and 50 ml. of concentrated hydrochlorie acid for
10 to 15 minutes, filter through a large Buchner funnel,
and wash well with distilled water. Repeat the process
and dry). Prenare the layer of Hyflo Super-Cel by pour-
ing a suspension of the Super-Cel in Skellvsolve F or
B over the paper disk while suction is apnlied. Discard
the first few milliliters of oil filtered. The o0il may
be collected in a test tube placed in the suction flask.
Pipet 5 ml, of the fliltered erude oll into a 100-ml. vol-
umetric flask, wiping the outside of the pipet with a
clean cloth before adjusting to the mark. After draining,
rinse the pipet into the volumetric flask with a stream
of Skellysolve B from a wash bottle. Make to volume with
Skellysolve B, Transfer two 3-ml. aliquots to 25-ml.
volumetric flasks., Dilute one of the aliquots to volume
with Skellysclve B to be used as the blank 1n the spec-
trophotometric determination of gossypol. Dilute the
other aliquot to 6 ml., with Skellysolve B and add 0.5 ml.
of freshly distilled aniline (water white); then heat
for 40 minutes on the metal top of the steam bath, Adjust
the heating =o only a small amount of ateam is escaping
from the bath. This cause only slight loss of Skellysolve
B during the heating. This heating may also be done in a
water bath at 60°to 65 C.

As the flasks are removed from the steam bath, add
about 10 ml. Skellysolve B to prevent the anillne from
separating. Allow to cool, then make to volume with Skelly-
solve B and mix., Read the percentage of transmittance
on the Cloeman double monochrometer spectrophotometer at
LLO mu , using the aliquot diluted with Skellysolve B as
a blank. Scale the weight of gossypol in the 25 ml. from
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the standar curve or read it from the prepared conver-
sion table, This value represents the weight of gossypol
in the aliquot teken, The 3-ml. aliguot is equivalent to
0.15 ml., of oil, The specifie gravity, 0.925, of cotton-
gseed o0ll times the volume glves the weight of oll used
in the determination (0.925 x 0.15 0.1388 gram).

B. Calculation:

Concentration of gossypol in mg./25 ml, —

2,000 = log T
5.171

in which T is the per cent transmittance., A conversion
table giving the milligram of gossypol in 25 ml, corres-
ponding to the per cent transmittance may be calculated
from the equation.

The 3-ml. aliquot is equivalent to 0.1388 gram
of oil., The per cent gossypol is found by multiplying

the welght of gossypol found In the aliquot by 100 and
dividing by the welght of oil used,
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APPENDIX ITIT

Determination of Color of Vegetable 0il
A Spectrophotometric Method
(Report of the Color Committee, A.0.C.S., May 1949)

A, Apvaratus

l.Spectrophotometer

a, Coleman Model 6~4 junior, or any other spectro-
photometer with the same band width at the wave-
length 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 %
transmittance against carbon tetrachloride in a
type "B" 25 mm. cuvette.

400 millimierons less than 4 % transmittance

L70 " 38.8% 2%
510 " 734k 2%
525 " 69.5=k 2%
550 " 5holy 4= 2%
700 " less than 2 %

2, Matched glass cuvettes, approximately 21.5 mm, in-
side diameter. Coleman tyme B 25 mm., cuvettes meets
this requirement, All cuvettes should cheek within
+0.6 % transmittance at the 50 % transmittance
level, The cuvettes should be kept clean and free
from scratches.

3. Standardizing filter and standardizing nickel sul-
fate solution.

4, Fllter paper, fine porosity such as E & D No., 192,
Whgtman No., 12, Reeve-Angel No. 871, or S & S No,
596.

B. Reagents

1. C.P. Carbon tetrachloride. If not water white, it
should be redistilled,
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C. Procedure

1.

The sample must be absolutely clear. If not, filter
through g speciied paper at a temperature of at
least 10°C. above the melting moint of the fat. The
sample should not be held melted longer than nece-
ssary, since darkening may occur.

Turn on the smnectrophotometer and allow at least a
20 minutes warm-up period before standardizing or
making any measurement, Adjust the instrument to
read the zero and 100 % transmittance points cor-
rectly at the calibration wavelength. Read the ca-
librating filter. If the correct reading for the
filter is not obtained, adjust the instrnument to
give the exact reading for the filter following
the manufacturer's instructions.

Set the wavelength scale to the desired wavelength.
Recheck the zero reading of the instrument, =and
with a cuvette filled with carbon tetrachloride in
the instrument, set the 100 % transmission point
exactly,

F1ll a cuvette with the standardizing nickel sul-~
fate solution and read the transmittance at L4LOO,
470, 510, 550, and 700 millimicrons., The readings
must fall within the reading prescribed,

Fill a cuvette with the sample using a sufficient
amount of o0il to insure a full ¢dlumn in the light
beam.

Place the filled ttibe in the Instrument and read
the optical density to the nearest 0,001 from the
scale at 525 millimicrons.

. If the reading is above 0.700, dilute 10 ml. of the

sample to 100 ml. with carbon tetrachloride, mix
thoroughly, filter if necessary, and reread. lMul-
tiply the reading by 10.

If the dilute sampnle still has a rgading above
0.700, dilute 10 ml. of the sample CCl mixture)
to 100 ml, with more CCl, ., Mix thorousghly and re-
read, Multioly the readiﬁg obtained by 100,

D. Calculation

Red color — Density x factor

Faetors: 77 for 550 millimicrons
L2 Tor 525 millimicrons



