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with erucic and elaidic acids) suggests that stearolic
acid is somewhat more polar than the other two
compounds.

Table IV gives solubility data for stearic, oleic, and
linoleic acids in certain hydrocarbon solvents. The
differences in solvent properties of the various hydro-
carbons were not great, but solubilities were signifi-
cantly higher in methyl e¢yclohexane than in the other
solvents and were lowest in neohexane.

The solubility of stearic acid was also studied in di-
methyl formamide. The data obtained were as follows:

Solubility
Temp. (g./100 g. solution )
10° 1.15
0° . 0.38
—10° 0.102
—20° 0.024

The solubilities are higher than for most of the other
solvents. Dimethyl formamide was not further studied
because of its high toxicity and its low volatility, which
made solvent removal difficult. It was not considered
a convenient medium for use in the low temperature
crystallization procedure.

For purpose of comparison Table V has been pre-
pared. This table compares certain solubility deter-
minations made during this study with values which
have been reported by other investigators. In general,
the agreement is good. However several discrepaneies
are apparent. The solubilities in ethyl acetate, for ex-
ample, tend to be considerably lower than those of
Hoerr and Harwood (5). The value listed for diethyl
ether, on the other hand, is significantly higher than
that of these investigators.

Attempts were made to prepare pure linolenic acid,
but a product of sufficient purity for solubility meas-
urements was not obtained in time to be included in
this study. This is unfortunate since linolenic is one
of the most important of the unsaturated fatty acids.
Solubility studies with mixtures of linoleic and lino-
lenie acids would also be of great practical value as
our work has indicated that these compounds exhibit
marked mutual solubility effects.
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Summary

A number of highly purified fatty acids have been
prepared and their solubilities determined in six com-
mon organic solvents within the temperature range
from 10° to —70°. The acids studied were palmitie,
stearic, oleic, elaidic, petroselinice, petroselaidie, lino-
leie, stearolic, arachidie, eicosenoic, behenic, erucie,
and brassidic. The solvents used were methanol, ethyl
acetate, diethyl ether, acetone, toluene, and n-heptane,
representing six different solvent types. A limited
study was also made with a series of hydrocarbon
solvents in order to note any effects of solvent strue-
ture on fatty acid solubility. Data are discussed with
respect to their application in separating various fatty
acid mixtures by low temperature erystallization.

Acknowledgment

The authors wish to acknowledge the contributions
of Harry Foreman, who prepared the palmitie, ara-
chidie, and behenic acids, of Salvatore Fusari, who
prepared the petroselenic acid, and of N. A. Khan,
who supplied the stearolic acid used in this study.

REFERENCES

1. Brmxn, J. B, and Stoner, G. C., J Am, Chem. Soec., 59, 3
(1937

2. Brown J. B., and Shinowara, G, Y. T Am. Chem. Soc., 59, 6
(1937).

3. F;oreman, H. D.,, and Brown, J. B., 0Oil and Soap, 21, 183
(1944).

4. Singleton, W. 8., J. Am. Oil Chemists’ Soc., 25, 15 (1948); 26
332 (1949).

5. -Hoerr, C. W., and Harwood, H. J., J. Phys. Chem., 56, 1068
{1952).

6. Matthews, N. L., Brode, W.
Soc., 63, 1064 (1941).

7. White, M. F., and Brown, J. B., J. Am. 0il Chemists’ Soc., 26,
385 (1949).

8. Khan, N. A, Deatherag‘e F. E., and Brown, J. B, J. Am. 0il
Chemists’ Soc, 28, 27 (1951).

9. Official and Tentative Methods of the American Oil Chemists’ Soe.,
V. C. Mehlenbacher, Ed., 2nd ed., 1946,

10. )Francxs, F., and Plper, S, H., J. Am. Chem. Soc.,, 61, 577
(1939).

11. Smith, J. C., J. Chem. Seoc., 974 (1939).

12, Grifiths, H, N., and Hilditch, T, P., J. Chem, Soc., 2315 (1932).

13. Hopkins, C. Y., Chisholm, M. J., and Harris, J., Can. J. Res.,
B 27, 35 (1949).

14. Posternak, M. 8., Compt. rend., 162, 944 (1916).

15. Ralston, A, W., and Hoerr, C. W, rg. Chem., 10, 170
(1945).

16. Bailey, A. E., “Melting and_Solidification of Pats’ Fats and
Oils Monograph Intersaence, New York, N Y. (1950).

17. Ralston, W., and Hoeérr, C. W, Org Chem., 7, 546 (1942),

18. Hoerr, . W and Ralston, A. W J. Org. Chem 9, 329 (1944).

{Received November 26 1954 ]

>

R., and Brown, J. B., J. Am., Chem,

Filtration-Extraction of Peanuts on a Bench Scale’

JOSEPH POMINSKI, N. B. KNOEPFLER, A. V. GRACI JR.,2 L. J. MOLAISON, B. S. KULKARNI 2
and H. L., E, VIX, Southern Regional Research Laboratory,* New Orleans, Louisiana

-N THE UNITED STATES in 1952, from the 685,000
tons of peanuts produced, approximately 100,000
tons were processed to yield oil and meal prod-

ucts (13, 14). Most of this processing was hydraulie
and serew pressing with only an insignificant portion
processed by solvent extraction. Should the cost of
peanut production in the United States be reduced
to a level where peanut oil and meal can compete with
corresponding products of cottonseed and soybeans,

1 Presented at the spring meeting, American Oil Chemists’ Society,
New Orleans, La., April 18-20, 1955,

% Present address: Wurster and Sanger Inc., 5201 South Kenwood
avenue, Chicago, Ill.

3 Research trainee from Department of Chemical Technology, Osmania
University, Hyderabad, India.

4 One of the lahoratories of the Southern Utilization Research Branch,
Agricultural Research Service, U. 8. Department of -Agriculture,

the amounts of peanuts grown and processed would
probably increase substantially.

Peanut oil is considered one of the better quality
vegetable oils and sells at a premium price. The sol-
vent-extracted meal, besides being a cattle feed, is an
excellent source of industrial and edible protein (1).
The removal of oil by solvent extraction from an oil-
seed of high fat content, such as peanuts, poses many
technical problems (5) As a solution to some of
these problems prepressing is currently used prior
to solvent extraction in some instances. A new
direct solvent-extraction process developed at this
Laboratory and called Filtration-Extraction makes
prepressing unnecessary. The filtration-extraction
process has been applied on a pilot plant scale to cot-
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tonseed, rice bran, soybeans, flaxseed, and milo germ
(3, 4, 6, 7, 8) and on a bench scale to sesame seed
(10). Successful filtration-extraction of an oil-bear-
ing material depends primarily upon meat prepara-
tion prior to extraction (12). The raw materials are
conditioned by flaking, cooking, and erisping so that
a relatively incompressible material having a proper
particle-size distribution with a minimum of fines is
formed (8, 12}. The criteria for such prepared ma-
terials are high mass velocities during filtration and
low residual lipids in the extracted meals (8, 12).
In addition to these properties it is desirable for in-
dustrial uses that extracted peanut meals should have
high protein solubility (1). Application of the filtra-
tion-extraction process to peanuts on a bench scale is
reported in this paper. The work shows that flaked
peanuts can be cooked at relatively low temperatures
with little moisture addition to obtain a crisp mate-
rial which gives high filtration rates, low residual
lipids, and high protein solubility in extracted meals.

Materials Used

The peanuts selected for this work were shelled
Spanish U. 8. Nos. 1 and 2 grades with an oil content
of 46-48% and moisture eontent of 6-7%.

Equipment and Methods

Peanuts for extraction were prepared with pilot
plant equipment which included Allis Chalmers*
single-pass cracking and flaking rolls, French 5-high
cracking and flaking rolls, a French 5-high jacketed
stack cooker, and an Evarts K. Loomis mixer. The
extraction equipment used was either a vacuum erock
filter (12) or a metal filter cylinder (9) with a re-
movable screen.

The French cooker and the Loomis mixer were used
for cooking peanut meats in their preparation for ex-
traction. The Lioomis mixer was used for the small-
size cooking experiments and the French cooker for
larger size cooks. Data from the smaller cooks can be
generally translated to the larger cooks with minor
changes in the variables involved.

In the French cooker 50-1b. batches of peanut
flakes were cooked in the first ring after moisture
addition, and then dried in the second and third
rings. In the Loomis mixer 10-lb. batches of peanut
flakes were cooked after moisture addition with the
cover closed and then dried with the cover open. The
cooked materials were cooled prior to screening or
rerolling.

For laboratory filtration-extractions using the
metal filter cylinder the prepared peanuts were slur-
ried with approximately 10% oil-hexane miscella, and
the washes contained approximately 5%, 1.5%, and
0% oil concentration. Where the vacuum crock filter
was used, initial slurrying was made with pure hex-
ane, and all other washings and slurryings were made
with actual miscella washings from the previous eyele.

Experimental Results

To find the optimum conditions of preparation the
following variables were studied: rerolling, moisture
addition during cooking, temperature of cooking,
and preheating prior to cooking. Peanut kernels

4 In using the names of equipment manufacturers, it should be under-

stood that we are not recommending the produets of one manufacturer
over similar products of other manufacturers.
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with skins were cracked and flaked to approximately
0.010-in. thickness before cooking. Prior to extrac-
tion the cooked materials were cooled and then either
scereened, or rerolled, or both screened and rerolled.

Effects of Screening and Rerolling

The data in Table I show that filtration-extraction
of materials sereened only gives extracted meals of
high residual lipids whereas lipids are reduced con-
siderably when these same screened materials are re-
rolled through the flaking rolls. Other tests indicate
that sereening of cooked materials, followed by reroll-
ing shows no improvement over rerolling. The subse-
quent investigations refer to cooked peanut meats that
have been rerolled through the flaking rolls after eook-
ing and screening,

TABLE 1
Effects of Rerolling After Screening Cooked Peanuts
Experiment A# Experiment BP
Description Sc;;eened Sc;ﬁf&wd Secreened Scﬁle;ed
”
Y4" mesh rerolled ” mesh rerolled
COOKET...cvvrerennmisrinninieriiinninrninenneen French | French | Loomis | Loomis
Mass velocity, 1bs./ft.2/hr., .......... 6972 5420 3824 2829
Temperature of extraetion, °F., .. 80 8¢ 130 115
Desolventized meal analyses
Lipids, Toveievcrscnniiiricniencnsernnen 4.83 1.9 1.57 0.48
H.0, % 7.8 9.2 6.3 6.2

a Kixperiment No. 5 in Table IT.
b Bxperiment No. 3 in Table TTI.

Effects of Moisture Addition in First Stage of
Cooking Without Preheating of Peanuts

In Table II Bxperiments 1 through 5 show the
effects of moisture addition without preheating in the
first ring of the French cooker. For moisture levels
ranging from 10.8% to 16.0% at temperatures from
190°F. to 220°F. crisped cooked materials were ob-
tained which gave high mass velocities during filtra-
tion-extraction. With a higher moisture, as shown in
Experiment 1, oil separated from the peanuts, and a
low mass velocity was obtained during the filtration-
extraction of these cooked flakes. In only one of these
experiments (Experiment 4) were the residual lipids
in the extracted meal less than 1% ; in the others the
residual lipids were approximately 2%.

Effect of Low Temperature Cooking Without
Preheating of Peanuts

Experiment 6 of Table II shows that at the rela-
tively low temperature of 182°F. a crisp peanut ma-
terial was obtained which gave high mass velocities
during filtration-extraction. Residual lipids in the ex-
tracted meal were 2.27%.

Preheating of Peanut Flakes Prior to
Moisture Addition in Cooking

Data in Table III indicate that preheating of pea-
nuts prior to cooking is a factor in the reduction of
lipids during filtration-extraction to 1% or less. In
Experiments 1 through 5 of Table III materials were
preheated prior to moisture addition and cooking at
temperatures from 190°F. to 220°F. Experiments 2
and 4 were conducted in the French cooker and Ex-
periments 1, 3, and 5 in the Loomis mixer. Experi-
ment 1 shows that peanut flakes can be cooked with
20% or more moisture without oil separation. This
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TABLE I
Filtration-Extraction of Peanuts, No Preheating
Experiment No ... i 1 ) 2 3 4 5 6
TYPe POARULS....ciciriiriiiiiintiinitecnsiaissereesesasaessesssensen U.S.No.2 U.S.No. 1 U.S.No. 1 U.8.No. 1,2 U. 8. No. 1 U.S8.No. 1
Cooking |
French French French French French French
Batch wt., 1bs. ... 50 50 48 50 50 50
H,0, in feed, % 6.7 6.4 6.9 6.7 6.7
H,0, 1st stage, % 17.52 16.0 14.7 13.4 10.8 11.9
H,0, at discharge, % 11.6 11.2 11.8 74 9.6
Time in cooker, min 60 24 24 24 24 24
Temperature, 1st ring, °F,... 205 208.5 217.5 203 210 182
Temperature, 2nd ring, °F 240 200 198 202 190 193
Temperature, 3rd ring, °F 270 1 & 2 only
Screening
Mesh, in. ....... eenes % 1 1 % 1 1%
Rerolling at 0.003 in. .. Yes Yes Yes Yes Yes Yes
Filtration-Extraction
Feed analysis
H20, Poevene 6.1 10.4 9.5 8.5 6.7 8.3
Type extractor : . Lab, Lab. Lab. Lab. Lab.
Screen size..... . 24 X 110 24 X 110 24 X 110 24 X 110 24 X 110
Solvent to mea i 1.5:1 1.5:1 1.5:1 1.5:1 1.5:1 1.5:1
Slurrying time... 15 15 15 15 15 15
Total number wa 3 3
Mass velocity, Ibs./ft.% Too slow 6387 4384 1836 5420 7071
Temperature of extrachon 80 80 80 80 80 80
Cake thickness, in 2 2 2% 2 2 2
Vacuum, in. Hg. 4 4 <4 4 4 4
Desolventized m
Lipids, % 2.1 2.23 0.52 1.9 2.27
H,0, % 8.2 9.8 7.7 9.2 7.9
Protein solubility, . 79.3 76.1 84.2 82.6 34.2
a Oil separated from meats.
b Protein solubility determined at 7.5 pH with NaOH.
is apparently due to preheating the flakes before the residual lipids in the meal of 1.55% at an extraction
moisture addition and to the high rate of heat trans- temperature of 80°F. Hxtraction at a higher tem-
fer resulting from better mixing and a larger area of perature should reduce the lipids approximately 0.5%
heating surface per pound of material heated than with little change in mass velocity. With natural
those obtained in the French cooker. In Experiment drainage (no vacuum), a mass veloeity of 1,520 1bs./
3 peanuts were cooked with a moisture content of sq. ft./hr. was obtained with residual lipids of 0.84%
10.1%. The mass velocity obtained during filtra- at an extraction temperature of 130°F. For Experi-

tion was 2,829 1bs./sq. ft./hr. and the residual lipids ment 4 filtration mass velocities (laboratory) at 80°F.
0.48%. In Experiment 5, though the cooked peanuts were 1,100 1bs. /sq. ft./hr. with residual lipids of 0.67%

were not rerolled and the residual lipids were high, in the extracted meal.

the data show that a material suitable for filtration- Table IV shows wet screen analyses of raw and
extraction can be prepared with a cooking moisture cooked peanuts for Experiments 2 and 4 in Table I11.
as low as 9.3%. In Experiments 2 and 4 the peanuts The cooked material prepared in Experiment 4 had
were cooked with moisture contents of 12.5% and more fines than the materials prepared in Experiment
9.9%, respectlvely A maximum oil concentranon of 2. These fines, in Experiment 4, were apparently tem-
40.5% in the miscella was reached in the slurrying pered and erisped enough to permit filtration; how-
operation of Experiment 4. Experiment 2 gave mass ever the amount of fines probably reduced the rate of

velocities (laboratory) of 4,790 -lbs./sq. ft./hr. and filtration.

TABLE II1
Filtration-Kxtraction of Peanuts, Preheating
Experiment Nou.miimimina e, 1 2 3 4 5
TYPE PEATIULS.ccveveriiriisasiserastriseneereesesassessnaenresssonsssan U.S. No: 1 U. 8. No. 1 U. 8. No. 1 U. 8, No. 1 U.S8.No.1
Cooking
COOKET cceiieiissecsrersesssnseenscerersannesraraesnens Loomis French Loomis French Loomis
Batch Wt., Ib8. iiiiviimniiacereninnniiieinas 10 50 i0 50 10
Ho0, in feed, % 6.6 6.5 6.4 6.5 6.4
H,0, 1st stage, % 20.0 12.5 10.1 9.9 9.3
H,0, at discharge, %. 18.9 10.1 4.8 6.2 5.1
Time in cooker, min. ..... 24 25 30 24 30
Temperature, 1st stage,® 212 205 208 218 208
Temperature, 2nd stage,b°® F. 191 194 200 192 197
Sereening —_—
Mesh, D veecsvscnirinneee e 4 % % % None %
Rerolled at 0.003 in. ..covreeernvirisininnacens Yes Yes Yes Yes No No
Filtration-Extraction
Feed a.nalysis
. 16.4 6.8 6.8 3.4 4.4 4.3
Type extraetor ab, Lab. Lab. Lab. Croek Lub. Lab.
Screen size...... 24 X 110 24 X 110 | 24 X 110 60 X 60 24 X 110 60 X 60 60 X 60
Solvent to meal ratio... 1.5:1 1.5:1
Slurrying time . 15 15 15 30 15 30 30
Total number washes.... 3 3 3
Mass velocity, Ibs./ft.2/hr. 2334 4790 1520 2829 1100 5836 5369
Temperature of extraction 130 8 130 115 0 140 140
Cake thickness, in 1% 1% 134 1% 2 1% 1%
Vacuum. in. Hg. . 4 o <4 4 4
Solvent in mare, %. 43.8 39.5 49.1 41.2
Desolventized meal
LiDIAS, Porereerrerrerorrieesceressasseseeas . 2.21 1.55 0.84 0.48 0.67 2.04 1.77
20, 8.6 7.8 4.5 6.2 8.9 7.4 7.6

8 Cooking in 1st ring of French cooker or cooking in Loomis mixer,
b Drying in 2nd ving of French cooker or in Loomis mixer.
¢ Natural drainage.
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TABLE 1V
Wet Screen Analyses
Table ITL
Experiment No, 2 Experiment No, 4
Material Cooked Cooked,
Uneooked Screened | Uncooked scz:::ged
Secreened an a
rerolled rerolle
Screen mesh % % % % %
On 5 1.7 0.0 0.0 0.7 0.0
8 6.0 0.7 0.0 4.5 0.0
14 14.4 8.9 1.0 11.9 0.5
20 24.1 19.9 9.0 26.2 4.2
40 16.4 36.1 32.8 15.8 16.2
60 9.0 20.9 31.1 9.3 27.1
80 3.3 4.6 8.8 4.3 11.3
120 2.7 4.0 6.2 3.9 13.4
170 3.3 2.0 3.5 3.9 7.6
200 1.0 0.2 1.0 0.9 1.9
300 3.0 0.7 2.1 1.6 5.7
Through 300 15.1 2.0 45 16.6 121
Discussion

Preheating. The data indicate that preheating of
the flaked peanuts before moisture addition is an im-
portant factor in preventing oil separation during
cooking and in obtaining low residual lipids in ex-
tracted meals. Tn the Skipin process the oilseed meats
are actnally moistened before heating to promote oil
flow (2). Preheating of the material to temperatures
in excess of 170°F. prior to the addition of moisture
has been shown to be effective in eircumventing the
Skipin range of conditions and preventing oil flow
during eooking. This procedure appears to be highly
important in the meat preparation, where filtration-
extraction only is to be applied without recourse to
prepressing, since in this process it is desirable to
have the oil readily available to the solvent but is un-
desirable to have a sticky or oily meal mass which is
easily compressible.

Rerolling Flakes After Cooking. Tables I, 11, and
IIT show that cooked peanut flakes must be rerolled
to obtain low residual lipids in extracted meals. Only
cooked flakes which had been rerolled gave lipids of
less than 19 in the extracted meals. In actual prac-
tice screening would not be necessary before rerolling.
Rerolling rates are high; in Experiment 3 of Table
ITT a rate of 540 lbs./hr./ft. was obtained by using
the Allis Chalmers smooth rolls.

Filtration-Extraction. Slurrying times of 15 min.
are ample; however 30 min. give a greater margin of
safety. A solvent to meal ratio of 1.5 to 1 is satisfac-
tory; lowering the ratio to 1.2 to 1 leaves higher
residual lipids. An increase in temperature from ap-
proximately 80° to 130°F. decreases lipids approxi-
mately 0.5%. The finer the material extracted, the
greater is the solvent hold up in the marc. Where
vacuum was applied, solvent in the mare varied from
34 to 449.. Miscella conecentrations vary with the sol-
vent to meal ratio and with the solvent hold up in the
extracted meal. The higher the solvent meal ratio, the
lower the oil miscella concentration; and the greater
the hold up of solvent in the mare, the more concen-
trated is the oil miscella.

Meal. All solvent-extracted meals obtained from
cooking the peanuts with 16.0% or less mositure at
217°F. or below had high protein solubilities rang-
ing from 76.1 to 84.29%. In Experiment 1 of Table
111, where 209 moisture was used in the cooking
stage, the extracted meal had an unacceptable color
and a low protein solubility of 57%. The off-color
was probably due to the effects of the high moisture
on the color pigments of the peanut skins.
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Summary and Conclusion

Sueccessful filtration-extraction of peanuts on a bench
scale indicates that there should be little difficulty in
conducting this process on a pilot plant or commercial
scale.

Data indicate that the optimum eonditions for pre-
paring peanut flakes of approximately 0.010 in. thick-
ness for filtration-extraction are as follows: preheat-
ing to 170°F. (approximately), moisture addition of
10 to 12.5%, cooking and drying at 190° to 220°F.,
crisping, and rerolling through rolls set at 0.003 in.
and ending with a final moisture of about 7%. In the
filtration-extraction of the peanut flakes a slurrying
time of 30 min. and a solvent to meal ratio of 1.5 to
1.0 are adequate. Mass velocities of 2,800 to 4,800
lbs./sq. ft./hr. are obtained, and residual lipids in the
extracted meal are approximately 19%. These mass
velocities are suitable for commercial use. The ex-
tracted meals have a high protein solubility of about
80%.

Peanut flakes can be prepared for filtration-extrac-
fion by cooking at moistures ranging from 9.9 to
16.6% in the French cooker. At higher moistures
with no preheating the oil will separate from the
peanuts. Data using the TLoomis mixer show that
higher moisture can be used. Indications are that pre-
heating and high rates of heat transfer prevent oil
separation. Apparently preheating of peanut flakes
before moisture addition is also a factor in lowering
the lipids of extracted meals to or less than 19%. A
low cooking temperature of 182°F. can be used to
prepare a crisp material for filtration-extraction. In-
dications are that final moistures of cooked peanut
flakes prior to extractions as they affect mass veloeity
are not critical. Large amounts of fines in the cooked
peanut materials will reduce mass velocities during
filtration-extraction.
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