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INTRODUCTION 

Extraction of oil from oilseeds and other oil containing 

materials is best achieved through the use of solvents (4). 

Numerous solvent extractors have been developed along with 

various methods which utilize different solvents. While the 

oilseed industry and oil chemist are constantly searching for 

methods which maximize oil extraction, there appears to be a 

void in the literature pertaining to comparisons of the quan

tity of oil yielded by different solvents. Diethyl ether is 

often prescribed in various methodologies, but its availabil

ity, price, low boiling point, and high risk as a fire hazard 

often prohibits the use of diethyl ether in third world coun

tries, especially those in tropical climates (3). 

Analytical organizations around the world utilize a var

iety of fat solvents for oil extraction. Hexane and petro

leum ether are prescribed in the methods established by the 

American Oil Chemists' Society (AOCS), the International Org

anization for Standardization (ISO), and the International 

Union of Pure and Applied (IUPAC) (2,11,12). Petroleum ether 

is the solvent of choice in the methods of the American Asso

ciation of Cereal Chemists (AACC) (1). Diethyl ether is the 

solvent prescribed in the methods established by the Associa

tion of Analytical Chemists (AO~C) (2). Pentane may be con-
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sidered an alternative solvent since several studies have 

determined it to be less toxic than hexane (4). 

This investigation was undertaken to compare the amount 

of oil extracted by hexane, pentane, petroleum ether, and 

diethyl ether from various oilseeds and flours in an effort 

to harmonize oil analysis among interested analytical organ

izations around the world. If one fat solvent were to be 

agreed upon by the previously mentioned organizations, trade 

among nations of the world, with respect to oil content of 

oilseeds, could be enhanced and greatly facilitated. Data 

provided by this investigation will be used as the basis for 

uniform selection of a solvent by these analytical organiza

tions. 
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REVIEW OF LITERATURE 

Extraction of fats and oils from seeds, grains, and 

other vegetable matter has been practiced throughout history 

by cultures around the world. From the primitive mills and 

presses of the ancient Chinese, Hindus, Egyptians, and Phoen

icians, through the age of stamper and roll presses used in 

17th and 18th century Europe, to the technologically advanced 

solvent extractors of today, extraction of oil has been vital 

to man (6,9,13,15). Improvement of extraction methods has 

not only been important for providing nutritionally essential 

dietary fats and oils, but also to ensure the economic stabi

lity of the oil industry (4,6,7,10,13,24). 

History of oil extraction 

Primitive cultures first rendered fat from animal car

casses (9). Increased population in certain areas forced man 

to seek alternative sources of fat since large herds of dom

esticated animals would have to be maintained and numerous 

wild animals hunted to supply fat needs. 

Olives in the Mediterranean have been cultivated and 

used as a source of oil for over 6,000 years, while sesame 

plants have been similarly used in the tropics for nearly as 

long (9). Ancient Chinese, Hi~dus, Egyptians, and Phoeni-

3 
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cians produced vegetable oils with mills and presses that 

utilized equipment described as being mortars, millstones, 

and wedge presses (15). Kirshenbauer cited accounts given by 

Homer and Pliny of well-developed oil industries in ancient 

Greece and Rome, respectively (15). The Greeks and Romans 

improved milling by replacing the millstone with an edge 

runner, and improved lever presses by utilizing winch and 

screw mechanisms for improving leverage (6,15). Seventeenth 

century Holland saw the invention of the stamper press which 

brought an increase in production of oil from oilseeds (15). 

The first use of heat and steam is unknown, but in 1752 

Smeaton developed a roll mill by combining several rolls 

(15). The Briton Joseph Bramah invented the hydraulic press 

in 1795 which was eventually adopted for vegetable oil pro

duction. The "Expeller" or screw press was developed in the 

United States by Anderson in 1876 (6,15). Variations of 

these early presses are still used in the cottonseed, corn 

germ, peanut, sunflower, copra, and rapeseed industries (6). 

In 1843, Jesse Fisher experimented with solvent extrac

tion but technological difficulties and hazards prevented 

commercial use of solvents (15). Deiss obtained a British 

patent in 1856 to extract fats by using solvents. Solvent 

extraction did not become practical until the Germans devel

oped the multiple contact, countercurrent batch system short

ly before World War I (6,15). By World War II, continuous 

systems were widely used in Germany and introduced into the 

United States (6,15). The two basic principles used in con-



tinous extraction were percolation and immersion (6,15). 

Percolation relied on gravity to pull the solvent and mis

cella (oil in solvent solution) through a bed of solids (6). 

The German Hildebrant extractor was used to extract oil by 

conveying and immersing solvent and miscella through au

tube system. Basket extractors replaced early immersion ex

tractors in the 1940's and 50's, but even basket extractors 

are not operated without difficulty since they tend to be 

complicated and bulky. 

5 

Three solvent extractor equipment suppliers exist in the 

United States today (6). The Crown Solvent Extractor utiliz

es both immersion and percolation extraction technology in an 

extractor that resembles a full loop conveyor. One advantage 

of this extractor is a shallow bed that is turned over comp

letely during the final extraction stages to enhance the ex

traction process. 

The Rotocel, developed by Blaw-Knox, was designed to 

replace and compete with basket extractors (6). Rotating 

cells are flooded with miscella and hexane which drain into 

collection compartments and are then pumped in an opposite 

direction to the rotation of the cells. Advantages of this 

system are simple mechanics, a self-cleaning miscella fines 

system, and adjustable wash manifolds. 

The French Stationary Basket Extractor is widely used 

throughout the US and abroad. Baskets remain stationary 

while the feed spout, miscella and hexane wash, miscella 
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collection system, and spent flake collecting system rotate 

(6). This extractor is also a percolation extractor. Advan

tages of this system are no movement of the bed thus minimiz

ing flake compaction, no heavy weights supported by bearings 

on loaded cells, and better use of the space inside the 

vapor tight shell. 

Solvent extraction 

Solvent extraction produces a higher oil yield from any 

oil containing material, with a fairly high solids content, 

than any other method of extraction (5). Extraction of oil 

with a solvent recovers practically all oil from oilseeds 

with anywhere from 0.5-1.0% residual oil remaining in the 

solvent oil meal (14,18,22). Solvent extraction is also used 

to extract oil from substances containing small amounts of 

oil and to remove the balance of oil from the meal of oil

seeds that have been processed through mechanical screw or 

expeller presses (24). 

Many types of solvent extractors exist, but all operate 

on the same principle. Oilseeds, or the oil containing mat

erial to be used in extraction, should be ground to determin

ed specifications to provide maximum surface area for contact 

with the solvent. Depending on the extractor used, the sol

vent is either sprayed, dripped, poured, or condensed onto 

the ground oil material. The solvent then binds to the ext

ractibles in the oil material forming an aqueous solution re

ferred to as the miscella. The miscella is then pulled or 
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percolated by gravity through the mass. This continues until 

all extractibles are removed from the oil material. The sol

vent must then be separated or recovered from the oil, a pro

cess usually accomplished by evaporation. If the solvent is 

to be recovered, it would then be condensed after being eva

porated from the oil. 

Properties of selected solvents 

Hexane. Hexane is a colorless, volatile, and very non

polar liquid that is insoluble in water but miscible with 

alcohol, chloroform, and ether (17). Hexane has a boiling 

point of 69°C, solidifies between -95°and -100°C, and is 

toxic in air to mice at a concentration of 40,000 ppm. 

Pentane. Pentane is a flammable liquid with a flash 

point< -40°C, an autoignition temperature of 309°C, a boil

point of 36.1°C, and a solubility in water of 0.36 g/1 at 

16°C (17). Pentane is very nonpolar and is miscible with al

cohol, ether, and many organic solvents. The lethal concen

tration of pentane, in air for mice, is 129,000 ppm. 

Petroleum ether. Petroleum ether is also referred to as 

petroleum benzene and is the low boiling fractions of petro

leum. Petroleum ether consists mainly of hydrocarbons of the 

methane series, mostly pentanes and hexanes. Petroleum ether 

is a clear, colorless, nonfluorescent, volatile liquid that 

does not solidify in cold, has a boiling between 35-80°C, 

and a flash point of -40°C. Caution must be used since petr

oleum ether vapors may mix with air and explode if ignited. 



Petroleum ether is insoluble in water, but miscible with 

alcohol, benzene, chloroform, ether, carbon disulfide, car

bon tetrachloride, and all oils except castor oil (17). 

8 

Diethyl ether. Diethyl ether is also referred to as 

ethoxyethane, ether, ethyl oxide, diethyl oxide, sulfuric 

ether, and anesthetic ether, and is produced by dehydrating 

ethanol or by hydrating ethylene (17). Diethyl ether is a 

mobile, very volatile, and highly flammable liquid whose 

vapor is heavier than air (vapor density= 2.55). Diethyl 

ether is nonpolar but possesses a slight dipole moment. A 

major hazard encountered when working with diethyl ether is 

its tendency to form explosive peroxides under the influence 

of light and air, especially when drying by evaporation is 

attempted. Diethyl ether is an zeotrope with water (1.3%), 

and has a boiling point of 34.2°C, a flash point of 45°C, and 

an autoignition temperature between 180-190°C. Diethyl ether 

is slightly soluble in water and water is slightly soluble in 

diethyl ether.· Solubility in water is increased by HCL. Di

ethyl ether is miscible with lower aliphatic alcohols, ben

zene, chloroform, petroleum ether, other fat solvents, and 

many oils. 

Structure and nature of fats and fatty acids 

Fats and oils are most commonly classified by their fat

ty acid composition. Fatty acids are measured and categoriz

ed according to their degree of saturation or unsaturation 

(15). A saturated fatty acid (SFA) is one which is carrying 
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the maximum number of hydrogens (23). Stearic acid is a 

saturated fatty acid composed of 18 carbons with no double 

bonds, often notated as 18:0. An unsaturated fatty acid con

tains one or more double bonds and thus two or fewer hydro

gens. Unsaturated fatty acids are further classified accord

ing to the number of double bonds they possess. Monounsatur

ated fatty acids (MUFA) contain only one double bond and 

therefore possesses two less hydrogens than its corresponding 

saturated fatty acid (23). An example of a monounsaturated 

fatty acid is oleic acid containing 18 carbons and one double 

bond, 18:1. Polyunsaturated fatty acids (PUFA) contain more 

than one double bond. Linoleic acid is a polyunsaturated 

fatty acid that is composed of 18 carbons and two double 

bonds, 18:2. 

Mono- and polyunsaturated fatty acids have been the 

focus of numerous recent studies that compare dietary fat 

intake to incidence of heart disease, high cholesterol lev

els, cancer, and other health concerns. Such studies have 

led food manufacturers to produce and utilize various vegeta

ble oils that contain high levels of these unsaturated oils. 

Rancidity is a problem associated with using unsaturated 

oils. Double bonds are highly susceptible to oxidation, thus 

the more unsaturated an oil is the more likely it is to spoil 

or become rancid. Manufacturers are faced with a perplexing 

dilemma. Consumers demand unsaturated fats, oils, and oil 

products yet these products are at more risk of spoilage than 

their saturated counterparts. Highly polyunsaturated fatty 
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acids may also be oxidized to toxic peroxides when exposed to 

air, heat, and metals such as copper and iron (9). Food man

ufacturers often attempt to resolve this problem by hydrogen

ating vegetable oil or adding trace amounts of antioxidants. 

Hydrogenation is the process of treating fats and oils 

with hydrogen gas in order to saturate double bonds, thus 

stabilizing the fat or oil (22). Hydrogenated vegetable fats 

and oils are essentially the same as saturated animal fat, 

but the manufacturer can advertise the product as containing 

vegetable oil and not lard. Manufacturers can partially hy

drogenate a fat or oil, but health concerns have arisen in 

regard to this process. Naturally occurring unsaturated 

fatty acids contain exclusively cis-double bonds. Partially 

hydrogenating a fat or oil causes the double bond next to the 

one that has been hydrogenated to be transformed to the 

trans-isomer. Trans-double bonds behave physically like sat

urated single bonds. Consumption of partially hydrogenated 

vegetable fats has been associated with incidence of certain 

kinds of cancer, thus causing many experts to hypothesize the 

trans-isomer may be the carcinogenic agent (23). 

Measures of unsaturation. 

P:S ratio. P:S values compare the polyunsaturated to 

saturated fatty acid composition of a fat or oil. More poly

unsaturated fatty acids are present in a fat or oil with a 

high P:S ratio, thus increasing-the health and nutritional 

value of the fat or oil (22). Saturated fats, such as found 
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in beef and dairy products, have very low P:S ratio. Unsat

urated fats, such as many vegetable oils, have a very high 

P:S ratio,> 2.5:1. 

Iodine number. Iodine number is a measure that refers 

to the number of grams of iodine absorbed by 100 g of a fat 

or oil in the presence of a catalyst, such as chlorine or 

bromine (15). The higher the iodine number, the higher the 

degree of unsaturation (23). Iodine values reflect the 

average number of double bonds in a fat, but cannot indicate 

the fatty acids present since the measure does not identify 

the position of the double bonds (22). Iodine numbers are 

useful as guidance tools for the purchase of raw materials 

and control of hydrogenation. 

Solubility of fats and oils 

Fats and oils are insoluble in water, but they are very 

soluble in ethyl ether, hydrocarbons, benzene, carbon disul

fide, and halogenated solvents (15). Fatty acids are more 

soluble in common polar and nonpolar organic solvents than 

their corresponding glycerides, but increasing chain length 

reduces fatty acid solubility in polar solvents. Caprylic 

acid (8:0) at 30 c has a solubility of 1 (g/100 g of water) 

compared to stearic acid (18:0) which has a solubility of 

0.00034 at 30 c. A positive correlation exists between sol

ubility, in nonpolar organic solvents, and degree of unsat

uration of a fatty acid. Monounsaturated fatty acids are 

more soluble than saturated fatty acids and polyunsaturated 



fatty acids are more soluble than monounsaturated acids 

in nonpolar organic solvents. 

Properties of selected oilseeds 

12 

Corn germ. Corn or maize oil is expressed from the germ 

of the seed which is separated from the rest of the kernel by 

a wet milling process (5). The germ contains approximately 

40-50% oil. The iodine number of corn oil is a relatively 

high value of 127 (9). The P:S ratio of corn oil, as calcul

ated from USDA values, is 4.6:1. Table 1 contains the fatty 

acid profile of corn oil. 

TABLE 1 
Fatty acid profile of corn oil~ 

Saturated fatty acids (SFA) - total 
Palmitic (16:0) 
Stearic (18:0) 

Monounsaturated fatty acids (MUFA) - total 
Oleic (18:1) 

Polyunsaturated fatty acids (PUFA) - total 
Linoleic (18:2) 
Linolenic (18:3) 

12.7 
10.9 
1.8 

24.2 
24.2 
58.7 
58.0 
0.7 

~ Adapted from: USDA (United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: us Government Printing Office. 

Peanut. Peanut oil, also referred to as arachis, earth 

nut, and ground nut oil, is derived from the seeds of the 

plant (5). The oil content tends to vary but generally whole 

nuts will yield approximately ~0% oil while shelled nuts will 

produce about 45-50% oil. The USDA reported the total lipid 
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content of dried peanut kernels to be 49.18% with the kernels 

possessing 6.65% water (20). The USDA value for the total 

lipid content of peanuts expressed on a dry basis would then 

be 52.68%. Iodine value for peanut oil is 101 and the P:S 

ratio, calculated form USDA values, is 1.9:1 (9). Table 2 

contains the fatty acid profile of peanut oil. 

TABLE 2 
Fatty acid profile of peanut oil~ 

~ 0 

SFA total 16.9 
Myristic (14:0) 0.1 
Palmitic (16:0) 9.5 
stearic (18:0) 2.2 

MUFA total 46.2 
Palmitoleic (16:1) 0.1 
Oleic (18:1) 44.8 
Gadoleic (20:1) 1.3 

PUFA total 32.0 
Linoleic (18:2) 32.0 

~ Adapted from: USDA (United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: US Government Printing Office. 

Soybean. Soybeans are relatively low in oil content 

with the amount of oil obtained depending heavily on the 

method of extraction utilized (5). Hydraulic and screw 

presses yield approximately 15% oil while solvent extraction 

yields near 18%. The USDA reported the water content of 

cooked, mature soybean seeds to be 67.20% while the total 

lipid content is 7.10% (21). The USDA values expressed on a 

dry basis would then be 21.65% -oil. Soybean oil has an 

iodine number of 134 (9). The P:S ratio, calculated from 



14 

USDA values, ranges from 4:1 to 4.5:1. Table 3 contains the 

fatty acid profile of soybean oil. 

TABLE 3 
Fatty acid profile of dehydrogenated soybean oil~ 

SFA total 
Myristic (14:0) 
Palmitic (16:0) 
Stearic (18:0) 

MUFA total 
Palmitoleic (16:1) 
Oleic (18:1) 
Gadoleic (20:1) 

PUFA total 
Linoleic (18:2) 
Linolenic (18:3 

% 
14.4 
0.1 

10.3 
3.8 

23.3 
0.2 

22.8 
0.2 

57.9 
51. 0 
6.8 

~ Adapted from: USDA (United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: us Government Printing Office. 

Cottonseed. The literature provides conflicting inform

ation pertaining to the oil content of cottonseeds. In 1945, 

Bailey cited a study, conducted on cottonseeds in the US, 

showing cottonseeds to contain 15.6% oil (5). The Foods and 

Nutrition Encyclopedia indicated the oil content of cotton

seed kernels to be approximately 30% (8). Bailey failed to 

mention whether the study he cited was conducted on cleaned 

or uncleaned kernels. The USDA reported the total lipid con

tent of cottonseeds to be 36.29% while the water content is 

4.65% (20). USDA values for total lipid content of cotton

seeds expressed on a dry basis would then be 38.06%. The io

dine number for cottonseed oil is 109 while the P:S ratio, 



calculated from USDA values for cottonseed oil, is 2:1. 

Table 4 contains the fatty acid profile of cottonseed oil. 

TABLE 4 
Fatty acid profile of cottonseed oil~ 

SFA total 
Myristic (14:0) 
Palmitic (16:0) 
Stearic (18:0) 

MUFA total 
Palmitoleic (16:1) 
Oleic (18:1) 

PUFA total 
Linoleic (18:2) 
Linolenic (18:3) 
Arachidonic (20:4) 

25.9 
0.8 

22.7 
2.3 

17.8 
0.8 

17.0 
51.9 
51.5 

0.2 
0.1 

~ Adapted from: USDA (United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: us Government Printing Office. 
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Safflower seed. Safflower, grown commercially in the 

United States, averages 39-40% oil, although varieties cont

aining upwards of 50% have been developed (9). The USDA re

ported the composition of dried safflower seed kernels to be 

38.45% total lipid and 5.62% water which expressed on a dry 

basis is 40.74% fat (20). Much variability in the composi

tion of safflower exists possibly due to mixed heredity (8, 

19). Studies on safflower seed cultivated throughout the 

world have indicated iodine numbers ranging from 78 to 149 

(8). Safflower oils vary in the amount of polyunsaturated 

fatty acids they contain, thus much variance exists in the 

iodine values and P:S ratio for cottonseed oil. The iodine 

number ranges form 87 to 149 while the P:S ratio, calculated 
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from USDA values, varies from 8.2:1 to 12.3:1 (9). Table 5 

contains data concerning the fatty acid profile of both high 

linoleic and high oleic acid safflower oil. 

TABLE 5 
Fatty acid profile of high linoleic and high oleic acid 
safflower oil/\ 

high linoleic acid high oleic acid 

% % 
SFA total 9.1 6.1 

Myristic {14:0) 0.1 
Palmitic {16:0) 6.2 4.8 
Stearic {18:0) 2.2 1.3 

MUFA total 12.1 75.3 
Palmitoleic {16:1) 0.4 
Oleic {18:1) 11.7 75.3 

PUFA total 74.5 14.2 
Linoleic {18:2) 74.1 14.2 
Linolenic {18:3) 0.4 

/\ Adapted from: USDA {United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: us Government Printing Office. 

Sunflower seed. The literature again provides conflict

ing data as to the oil content of certain oilseeds. Bailey 

(5) reported the oil yield of sunflower seeds grown in Argen

tina to be 25%. The Foods and Nutrition Encyclopedia (9) in-

dicated the oil content of sunflower seeds to be over 40%. 

The USDA reported dried sunflower seed kernels to contain 

49.57% total lipid and 5.36% water {20). The USDA values for 

total lipid expressed on a dry basis would then be 52.38%. 

The fatty acid profile of sunflower seed oil tends to vary 

which is reflected in the variance in the iodine number and 
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P:S ratio for sunflower seed oil. The iodine number ranges 

from 125-136 while the P:S ratio, calculated from USDA val

ues, ranges from 4:1 to 6.4:1 (5). Table 6 contains inform

ation pertaining to the fatty acid content of both high and 

low linoleic fatty acid sunflower seed oil. 

TABLE 6 
Fatty acid profile of sunflower seed oil~ 

linoleic acid(< 60%) linoleic acid(> 60%) 

~ 0 ~ 0 

SFA total 10.1 10.3 
Palmitic (16:0) 5.4 5.9 
Stearic (18:0) 3.5 4.5 

MUFA total 45.4 19.5 
Palmitoleic (16:1) 0.2 
Oleic (18:1) 45.3 19.5 

PUFA total 40.1 65.7 
Linoleic (18:2) 39.8 65.7 
Linolenic (18:3) 0.2 

A Adapted from: USDA (United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: US Government Printing Office. 

Rapeseed (canola oil). Rapeseed or canola oil is one of 

the erucic acid oils (5). Since rapeseeds contains high lev

els of erucic acid, considered detrimental to humans and ani

mals, the oil had been primarily used as an industrial lub

ricant(5,9). Strains of rapeseed have been developed that 

contain less than 1% erucic acid (9). Bailey (5) stated the 

average oil yield from rapeseeds to be 35%, while the Foods 

and Nutrition Encyclopedia (9) _described rapeseeds as con-

taining 40-45% oil. While many varieties of rapeseed exist, 
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the overall fatty acid content of the oil from various rape

seeds is similar. The iodine number·for rapeseed oil ranges 

from 97-108 while the P:S ratio, calculated from USDA values, 

remains a fairly constant 5:1 (5). Table 8 provides the fat

ty acid profile of four rapeseed oils with varying erucic 

acid levels. 

TABLE 7 
Fatty acid profile of rapeseed oils with varying levels of 
erucic acid A 

~ 0 Erucic Acid 
0 < 30 30-45 45+ 

-------------------------------
% ~ 0 ~ 0 ~ 0 

SFA total 6.8 5.6 5.4 5.0 
Palmitic (16:0) 4.8 3.1 2.9 2.6 
Stearic (18:0) 1.6 1.2 1.1 0.9 

MUFA total 55.5 62.4 66.4 68.1 
Palmitoleic (16:1) 0.5 0.3 0.3 0.3 
Oleic ( 18: 1) 53.8 29.2 17.3 11.2 
Gadoleic (20:1) 1.0 10.7 10.9 7.5 
Erucic (22:1) 0.1 21. 3 37.0 48.1 

PUFA total 33.3 27.7 23.8 22.5 
Linoleic (18:2) 22.1 17.5 14.1 12.8 
Linolenic (18:3) 11.1 9.4 8.7 8.6 

A Adapted from: USDA (United States Department of Agri
culture). 1979. Composition of foods: fats and oils; raw, 
processed, and prepared. Agriculture handbook no. 8-4. 
Washington, DC: us Government Printing Office. 

Properties of selected flours 

Whole wheat. Whole wheat flour contains 95-100% of 

the grain used to make flour and also contains all or most 

of the bran and germ of the original germ (8). Whole wheat 

is composed of approximately 2.6% fat and 14% moisture. The 



total fat content expressed on a dry basis would then be 

3.02%. 
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Bread. Commercially produced bread doughs are usually 

processed by machinery, therefore, the flour used must poss

ess adequate strength to withstand such kneading (9). Bread 

flour is high in the proteins gliadin and glutenin which form 

gluten upon hydration, thus producing a stronger dough. The 

composition of bread flour includes fat and moisture contents 

of 1.1% and 12%, respectively (8). The fat content expressed 

on a dry basis would then be 1.25%. 

All-purpose. Kneading of doughs made with bread flour 

requires strong arms, thus limiting the marketability of 

bread flour (9). The search for a suitable, more easily man

agable alternative led to the development of all-purpose 

flour. All-purpose flour contains 1% fat and 12% moisture 

(8). The fat content expressed on a dry basis would then be 

1.14%. 



METHODS AND PROCEDURES 

This investigation was undertaken to determine and comp

are the amount of oil extracted from various oilseeds and 

flours using hexane, pentane, petroleum ether, and diethyl 

ether in a standardized, continuous extraction process. The 

oilseeds used were corn germ, peanut, soybean, cottonseed, 

safflower, sunflower, and rapeseed (canola oil). Flours were 

used in this investigation to identify any difference in the 

amount of oil extracted by the solvents from materials con

taining small amounts of oil. The flours used were commer

cially available whole wheat, all-purpose, and bread flours. 

General design of the study 

Oilseed samples were prepared and ground to AOCS speci

ications established for each respective oilseed (3). Mesh 

sizes and screen mesh numbers for each oilseed are provided 

in Table 8 on page 23. Flours used were commercially avail

brands. Two gram samples were used for oilseeds while 5 g 

samples were used for flours. All weighing was done using a 

Mettler PE 160 digital balance. Each sample was weighed into 

a cellulose thimble. The thimbles were then placed in a 

Goldfisch Fat Extractor. Goldfisch fat flasks, 100ml, were 

washed, rinsed in deionized wat~r, dried in a 100°c convect-
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ion oven, desiccated to room temperature over sulfuric acid, 

and weighed. Fifty milliliters (50 ml) of solvent were meas

ured into each flask and the flasks were then attached to the 

extractor. Samples were continuously extracted for 6 h. The 

flasks containing the miscella were then partially air dried 

in a fume hood for 30 min to partially air dry the solvent. 

The flasks were then placed in a 100°c convection oven to 

complete the removal of the solvent from the oil. The flasks 

containing the extracted oil were then desiccated to room 

temperature over sulfuric acid for 30 min and reweighed. 

Eight (8) replications were obtained on each oilseed and 

flour for every solvent. Percent yield was then calculated 

using the following formula: 

(wt of oil and flask - original wt of flask) 
% Oil=-------------------------------------------- X 100 

original wt of sample 

Results were then expressed on a dry basis by correcting for 

moisture content of each oilseed and flour. Moisture tins 

were washed, dried, and desiccated to room temperature. Two 

gram samples of each oilseed and flour were weighed into the 

tins which were then placed into a 100°c convection oven and 

heated to a constant weight (12 h). The tins were then seal

ed, dessicated to room temperature, and then reweighed. Dup

licate results for moisture content were obtained for each 



oilseed and flour. Moisture content was then calculated 

using the following formula: 

(original wt of tin and sample 
- dry wt of tin and sample) 

% Moisture=------------------------------
wt of sample 

X 100 
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Tests for moisture content were conducted twice for each 

oilseed and flour. The average of the two tests was then 

used to correct the original persent oil values for moisture 

content of the samples using the following formula: 

original% Oil 
% Oil (dry basis)=---------------- X 100 

100 - % moisture 

Statistical analysis 

Data for percent oil (dry basis) extracted from each 

respective oilseed and flour by each respective solvent were 

statistically analyzed using SAS (16). A oneway analysis of 

variance was employed to identify any significant difference 

in the amount of oil extracted by each solvent for any given 

oilseed or flour. Scheffe's test for variability was used to 

determine where variance occurred in the data if the oneway 

ANOVA determined a significant difference was, or differences 

were, present. 



TABLE 8 
Mesh size and screen mesh number for oilseeds 

Oilseed 

Corn germ= 
Peanut 
Soybean 
Cottonseed 
Safflower 
Sunflower 
Rapeseed 

Mesh size 

in. 
0.033 
0.039 
0.039 
0.035 
0.039 
0.035 
0.039 

Screen mesh 

no.* 
20 
16 
16 
18 
16 
18 
16 
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*Screen mesh number is dependent on oil content of each oil 
seed. 

~No AOCS specification exists for preparing and grinding 
corn germ. 



RESULTS AND DISCUSSION 

The oneway analyses of variance conducted demonstrated 

significant differences existed among the solvents as to the 

amount of oil extracted from any given oilseed or flour ex

cept whole wheat, for which no significant variance existed. 

The following section compares and discusses the amount of 

oil extracted from each individual oilseed and flour, and 

also presents how well the findings of this investigation 

compare to values cited in the literature. 

Oilseeds 

Corn germ. Diethyl ether extracted significantly more 

oil from corn germ than did the other three solvents, while 

no significant difference was demonstrated to exist between 

hexane, petroleum ether, and pentane. The amount of oil ex

tracted by the solvents from corn germ, expressed on a dry 

basis, ranged from 49.5% to 53%. This compares favorably to 

the 40-50% values for oil contained in corn germ mentioned in 

the literature (5). Corn germ was found to possess a mois

ture content of 4.3%, whereas no such values were found in 

the literature. Tables 9a and b contain the findings of this 

investigation for differences in the amount of oil extracted 

from corn germ by the four solvents. 
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TABLE 9a 
Analysis of variance of oil extracted by solvents from corn 
germ 
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------------------------------------~ ------------------------
Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

19.48 
1.36 

***Significant at the 0.001 level. 

TABLE 9b 

F ratio 

14.35*** 

Scheffe's test for variability of oil extrtacted by solvents 
from corn germ 

Scheffe grouping+ 

A 
B 
B 
B 

Mean 

53.13 
51.16 
50.08 
49.63 

Replications 

8 
8 
8 
8 

Solvent 

Diethyl ether 
Hexane 
Petroleum ether 
Pentane 

+Means with the same letter are not significantly 
different. 

Peanut. Hexane and diethyl ether were demonstrated to 

extract more oil from peanuts than the other two solvents 

with no significant difference existing between hexane and 

diethyl ether. No significant difference existed between 

diethyl ether and petroleum ether, but hexane did extract 

significantly more oil than did petroleum ether. Diethyl 

ether did extract significantly more oil than did pentane, 

but no such difference was shown to exist between petroleum 

ether and pentane. 

The amount of oil extracted by the solvents ranged from 

53% to almost 55%. These values compare favorably to the 

45-50% and the dry basis 52.68% values discussed in the lit-
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erature (5,20). The moisture content of peanuts was deter

mined to be 6.7% compared to the 6.65% cited in the litera

ture (20). Tables 10a and b present the data concerning the 

oil extracted by the solvents from peanuts. 

TABLE 10a 
Analysis of variance of oil extracted by solvents from 
peanuts 

source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

5.53 
0.64 

***Significant at the 0.001 level. 

TABLE 10b 

F ratio 

8.61*** 

Scheffe's test for variability of oil extracted by solvents 
from peanuts 

Scheffe grouping+ 

A 
A/B 
B/C 
C 

Mean 

54.72 
54.26 
53.24 
52.96 

Replications 

8 
8 
8 
8 

Solvent 

Hexane 
Diethyl ether 
Petroleum ether 
Pentane 

+Means with the same letter are not significantly 
different. 

Soybean. Diethyl ether and hexane were shown to extract 

the most oil from soybeans with no significant difference ex

isting between the two solvents. Diethyl ether was shown to 

extract significantly more oil than petroleum ether while no 

such difference was demonstrated between hexane and petroleum 

ether. Hexane did extract significantly more oil than pent-
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ane, but no significant difference occurred between petroleum 

ether and pentane. 

The amount of oil extracted from soybeans by the sol

vents ranged from about 19% to over 21%, expressed on a dry 

basis. This compares favorably to the 18% cited in the lit

erature and the USDA values of 21.65%, expressed on a dry 

basis (5,21). This study determined the moisture content of 

soybeans to be 7.08% compared to the USDA value of 7.1% (21). 

Tables lla and b contain the findings of this investigation 

pertaining to oil extracted from soybeans by the four sol

vents. 

TABLE lla 
Analysis of variance of oil extracted by solvents from 
soybeans 

Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

5.50 
0.48 

***Significant at the 0.001 level. 

TABLE llb 

F ratio 

11.53*** 

Scheffe's test for variability of oil extracted by solvents 
from soybeans 

Scheffe grouping+ 

A 
A/B 
B/C 
C 

Mean 

21.23 
20.88 
19.87 
19.46 

Replications 

8 
8 
8 
9 

Solvent 

Diethyl ether 
Hexane 
Petroleum ether 
Pentane 

+Means with the same letter are not significantly 
different. 



28 

Cottonsee6. Both diethyl ether and hexane were demon

strated to extract the most oil from cottonseeds with no 

significant difference shown to exist between the two sol

vents. Diethyl ether did extract significantly more oil than 

did petroleum ether, but no such difference was found between 

hexane and petroleum. Hexane extracted significantly more 

oil than pentane, but no significant difference was shown to 

exist between petroleum ether and pentane. 

The oil content of cottonseeds was determined to range 

between 24.6-29.3%, expressed on a dry basis. This is in 

comparison to values found in the literature which ranged 

anywhere from 15.6% to 38.06% (5,8,20). The moisture content 

of cottonseed, as determined by this study, was 9.13% compar

ed to the 4.65% cited in the literature (20). While the val

ues for oil in cottonseed determined by this study do not 

compare favorably with the literature, as has been demon

strated with findings for other oilseeds, discrepancies do 

exist in the literature. The findings of this study fall 

within the range of cottonseed oil content given in the lit

erature. Tables 12a and b contain the finding of this study 

pertaining to the oil extracted from cottonseed. 



TABLE 12a 
Analysis of variance of oil extracted by solvents from 
cottonseeds. 

source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

32.34 
1. 68 

***Significant at the 0.001 level. 

TABLE 13b 

F ratio 

19.24*** 

Scheffe's test for variability of oil extracted by solvents 
from cottonseeds 

Mean Solvent 
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Scheffe grouping+ 

A 
A/B 
B/C 
C 

29.28 
27.74 
26.04 
24.66 

Replications 

8 
8 
8 
8 

Diethyl ether 
Hexane 
Petroleum ether 
Pentane 

+Means with the same letter are not significantly 
different. 

Safflower seed. Hexane and petroleum ether were shown 

to significantly extract the most oil from safflower seeds 

with no significant difference existing between the two sol

vents. Hexane did extract significantly more oil than did 

diethyl ether or pentane, but no such difference was shown 

between petroleum ether, diethyl ether, and pentane. 

The amount of oil extracted from safflower seed by the 

solvents ranged from around 43.6 to 47.5%, on a dry basis. 

The oil content of safflower seeds, as stated in the liter

ature, averages 40%, but strains containing up to 50% have 

been developed (9,20). The moisture content of safflower 

seeds, found by this investigation, is 7.38% compared to 
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5.62% cited in the literature (20). The findings of this 

study are acceptable since the much variability exists in the 

literature as to the composition of safflower seed oil (9). 

Tables 13a and b contain the findings of this investigation 

concerning the amount of oil extracted from safflower seeds 

of the four solvents. 

TABLE 13a 
Analysis of variance of oil extracted by solvents from 
safflower seeds 

Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

21.59 
3.31 

F ratio 

6.52*** 

***Significant at the 0.001 level. 

TABLE 13b 
Scheffe's test for variability of oil extracted by solvents 
from safflower seeds 

Scheffe grouping+ 

A 
A/B 
B 
B 

Mean 

47.51 
44.91 
44.62 
43.67 

Replications Solvent 

8 
8 
8 
8 

Hexane 
Petroleum ether 
Diethyl ether 
Pentane 

+Means with the same letter are not significantly 
different. 

Sunflower seed. Hexane extracted significantly more oil 

from sunflower seeds than the other solvents. No significant 

difference was demonstrated in the amount of oil extracted by 

diethyl ether, pentane, or petroleum ether. 
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The amount of oil extracted from sunflower seeds by the 

four solvents ranged from almost 49% to just over 52%, on a 

dry basis. Different sources in the literature cited the oil 

content of sunflower seeds to be 25-40%, but the USDA value, 

expressed on a dry basis, was 52.38% (5,9,20). This study 

found the moisture content of sunflower seeds to be 8.45% 

compared to 5.36% as stated by the USDA (20). Tables 14a and 

b contain the findings of this study for oil extracted from 

sunflower seeds by the four solvents. 

TABLE 14a 
Analysis of variance of oil extracted by solvents from 
sunflower seeds 

Source 

Between goups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

19.83 
1.07 

***Significant at the 0.001 level. 

TABLE 14b 

F ratio 

18.58*** 

Scheffe's test for variability of oil extracted by solvents 
from sunflower seeds 

Scheffe grouping+ 

A 
B 
B 
B 

Mean 

52.22 
50.10 
48.97 
48.80 

Replications 

8 
8 
8 
8 

Solvent 

Hexane 
Diethyl ether 
Pentane 
Petroleum ether 

+Means with the same letter are not significantly 
different. 

Rapeseed (canola oil). No significant difference was 

found between diethyl ether and hexane as to the amount of 
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oil extracted from rapeseed. Diethyl ether did extract sign

ificantly more oil than did pentane 9r petroleum, while hex

ane failed to demonstrate any such difference. 

The amount of oil extracted from rapeseeds in this study 

ranged from almost 50% to over 51.6%. These values are com

pared to values in the literature ranging from 35-45% (5,9). 

The literature also stated that strains of rapeseeds exist 

that contain various levels of erucic acid as well as differ

amounts of fatty acids (19). The discrepency between values 

found by this study and those in the literature could be att

ributed to the various strains of rapeseeds. The moisture 

content of rapeseeds was determined, in this investigation, 

to be 9.13% while no values for moisture could be found in 

the literature. Tables 15a and b contain the findings of 

this investigation for the amount of oil extracted from 

rapeseeds by the solvents. 

TABLE 15a 
Analysis of variance of oil extracted by solvents from 
rapeseeds (canola oil) 

Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

5.22 
0.88 

**Significant at the 0.01 level. 

F ratio 

5.88** 



TABLE 15b 
scneffe's test for variability of oil extracted by solvents 
from rapeseeds (canola oil) 
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------------------------------------ ------------------------
Scheffe grouping+ 

A 
A/B 
B 
B 

Mean 

51.68 
51.00 
50.11 
49.95 

Replications 

8 
8 
8 
8 

Solvent 

Diethyl ether 
Hexane 
Pentane 
Petroleum ether 

+Means with the same letter are not significantly 
different. 

Flours 

Whole wheat. No significant difference between the four 

solvents was determined for oil extracted from whole wheat 

flour. The amount of oil extracted from whole wheat flour 

ranged from 2.17% to 2.33%, on a dry basis. Oil content of 

whole wheat flour derived from the literature was 2.6%, on a 

dry basis(8). The moisture content of whole wheat flour was 

determined to be 12.83% compared to 14% cited in the litera

ture. Table 16 contains the findings of this investigation 

as to the amount of oil extracted from whole wheat flour by 

the four solvents. 

TABLE 16 
Analysis of variance of oil extracted by solvents from 
whole wheat flour 

Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

0.05 
0.16 

F ratio 

0.28 NS 
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Bread. Diethyl ether extracted significantly more oil 

from bread flour then the other three solvents. No signifi

cant difference was shown to exist between hexane, pentane, 

and petroleum ether. The oil content of bread flour, det

ermined in this study, ranged from 1.26% to 1.52%, on a dry 

basis, compared to the 1.25% dry basis value derived from the 

literature (8). The moisture content of bread flour was 

11.65% compared to 12% cited in the literature. Tables 17a 

and b contain the findings of this study as to the amount of 

oil extracted from bread flour by the solvents. 

TABLE 17a 
Analysis of variance of oil extracted by solvents from 
bread flour 

Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

0.11 
0.003 

***Significant at the 0.001 level. 

TABLE 17b 

F ratio 

34.26*** 

Scheffe's test for variability of oil extracted by solvents 
from bread flour 

Scheffe grouping+ 

A 
B 
B 
B 

Mean 

1.52 
1. 32 
1.28 
1.26 

Replications 

8 
8 
8 
8 

Solvent 

Diethyl ether 
Hexane 
Pentane 
Petroleum ether 

+Means with the same letter are not significantly 
different. 
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All-purpo~e. Diethyl ether and hexane were found to ex

tract the most oil with no significant difference existing 

between the two solvents. No significant difference was 

shown to exist between petroleum ether and pentane. The 

oil content of all-purpose flour was determined to range be

tween 1.14% to 1.37%, on a dry basis, compared to the 1.14% 

dry basis value derived from the literature (8). The mois

ture content of all-purpose flour was found to be 12.23% 

compared to 12% cited in the literature. Tables 18a and b 

present the findings of this study for the amount of oil ex

tracted from all-purpose flour by the four solvents. 

TABLE 18a 
Analysis of variance of oil extracted by solvents from 
all-purpose flour 

Source 

Between groups 
Within groups 
Total 

df 

3 
28 
31 

Mean square 

0.09 
0.006 

***Significant at the 0.001 level. 

TABLE 18b 

F ratio 

16.22*** 

Scheffe's test for variability of oil extracted by solvents 
from all-purpose flour 

Scheffe grouping+ 

A 
A 
B 
B 

Mean 

1. 37 
1.27 
1.15 
1.14 

Replications 

8 
8 
8 
8 

Solvent 

Diethyl ether 
Hexane 
Petroleum ether 
Pentane 

+Means with the same letter are not significantly 
different. 
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Compiled results 

Table 19 is a compilation of th~ findings of this inves

tigation. Scheffe groupings were utilized to indicate signi

ficant variance among the means. 

TABLE 19 
Comparison of means representing oil extracted from selected 
oilseeds and flours by hexane, pentane, petroleum ether, and 
diethyl ether 

Oilseed/ 
flour 

Hexane Pentane Petroleum 
ether 

Diethyl 
ether 

-------------------------------------------------------------
Corn germ 51.16 Bl 49.63 B 50.08 B 53.13 A 
Peanut 54.72 A+ 52.96 C 53.24 B/C 54.26 A/B 
Soybean 20.88 A/B 19.46 C 19.87 B/C 21.23 A 
Cottonseed 27.72 A/B 24.66 C 26.04 B/C 29.28 A 
Safflower seed 47.51 A 43.67 B 44.91 A/B 44.62 B 
Sunflower seed 52.22 A 48.97 B 48.80 B 50.10 B 
Rapeseed 51.00 A/B 50.11 B 49.95 B 51.68 A 
Whole wheat fl 2.33 NS 2.19 NS 2.17 NS 2.18 NS 
Bread flour 1.32 B 1.28 B 1.26 B 1.52 A 
All-purpose fl 1.27 A 1.14 B 1.15 B 1. 37 A 

-------------------------------------------------------------
!ILetters beside means represent Scheffe grouping. 
+Means with the same letter are not significantly 

different. 
NS: not significant. No significant difference was found 

among the solvents for oil extracted from whole wheat flour. 



SUMMARY 

Significant differences among the solvents occurred but 

no single solvent demonstrated clearly superior extraction 

capabilities than the other solvents for all tested oilseeds 

and flours. Diethyl ether was significantly superior to the 

other three solvents only when used in extraction of oil from 

corn germ and bread flour. Hexane stood alone in extracting 

oil from sunflower seeds and was significantly superior to 

diethyl ether in oil extracted from safflower. Diethyl ether 

and hexane were essentially equal extracting the most oil 

from the other oilseeds and flours with the exception of 

whole wheat flour, for which no significant difference was 

found to exist among all four solvents. 

No correlation was evident between polarity of the sol

vents and degree of unsaturation of the oil extracted from 

the oilseeds. The values for fatty acid composition and un

saturation were obtained from the literature. Future studies 

should analyze extracted oil to identify if any correlation 

does exist between solvent polarity and fatty acid composi

tion and unsaturation. 

Criteria for selection of a solvent for oil extraction 

should not be limited to the amount of oil extracted by a 

solvent, but should include factors such as safety of use, 
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health hazards, availability, and cost. Several accidents 

occurred during this study when diethyl ether was used. Even 

though stringent precaution were adhered to, two explosions 

and one fire occurred when diethyl ether was used along with 

frequent eye and respiratory tract irritations. No such 

hazards were encountered when the other three solvents were 

used. Diethyl ether need not be used as a solvent for fat 

extraction since it has been proven to be hazardous to use, 

its cost and availability can often prove to be prohibitive, 

and this investigation failed to prove it to be the signigfi

cantly superior fat solvent. The fact that petroleum ether 

is a combination of a mixture of hexanes and pentanes may 

prevent it from being considered as an alternative to diethyl 

ether, since petroleum ether does not have a standardized 

composition. Hexane may be a viable alternative to diethyl 

ether, but more research should be conducted on the toxicity 

since the literature indicated hexane to be more toxic, in 

air to mice, than pentane. 

Results from this study indicate that alternative sol

vents, less volatile and harzardous than diethyl ether, may 

be used without affecting oil yield, except in the cases of 

corn germ and bread flour. These data may be useful to ana

lytical organizations (i.e., AACC, AOAC, AOCS, ISO, IUPAC) 

for uniform selection of one solvent which would harmonize 

oil analysis and, subsequently, trade of oilseeds among 

nations. 
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