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AN INVESTIGATION OF THE FATTY OIL 
FROM THE SEEDS OF THE AMARANThUS RETROFLEXUS 

INTRODUCT ION 

Vegetable oils have always played an essential role 

in the diet of man, besides being an important raw ma- 

terial in many industries. The demand for these oils 

increases with the population and through the discovery 

of new uses for them. In order to meet this increasing 

demand, oils from new, easily productive sources, having 

definite qualifications are continually being sought. 

Up to now the greater proportion of investigation 

into new sources of oils has been undertaken in countries 

sucia as Germany, Russia, and Japan where the need has 

been most urgent. However, investigation in this country 

in recent years has increased so that many new sources of 

oil have been disclosed. 

The best utilization of available oils is dependent 

on an intimate knowledge of their composition. Conse- 

quently standard methods have been developed for the de- 

termination of their more important physical constants 

and for the separation and identification of their vari- 

ous constituents. There is, however, much need for further 

research on the latter in order to make possible more 

accurate analyses. 
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Purpose 

The purpose of this investigation is to determine 

the nature of the oil present in the seeds of the ama- 

ranthus retroflexus (pigweed) plant. Although the plant 

is very common and yields a considerable crop of a small 

oily seed, the only information in the literature regard- 

ing the fatty oils from this source states only the per- 

centage yield of oil (3). 

EXPER IMENTAL 

The seeds used in this investigation were obtained 

in October 1940 from red pigweed plants located in 

Corvallis, Oregon. The seeds, along with the hulls in 

which they were enclosed, were removed by hand from the 

stalks. This mixture of seeds, hulls, and small particles 

of stalk was then ground in a ball mill for twenty minutes 

In order to free the seeds from the hulls. The mixture 

containing the free seeds was screened on a shaking ma- 

chine. The portion passing. through the twenty mesh screen 

but withheld on the thirty mesh screen contained practi- 

cally all the seeds. However, considerable hull material 

of the same size remained with the seeds. It was found 

that this material could be almost completely removed by 

blowing a stream of air through the seeds as they were 

poured from a container. 
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The seeds thus obtained were ground to a fine 

powder. One kilogram of ground seed was extracted with 

ether in a Soxhiet apparatus. The resulting ethereal solu- 

tion of the oil was centrifuged to remove impurities and 

the ether distilled off. Yield of oil was -70 grams or 

7 per cent. 

The physical and chemical characteristics of the 

oil are given in Table I. Due to the limited amount of 

oil available semi-micro methods were used wherever possi- 

ble throughout this investigation (2, 5). 

Table I 

Physical and Chemical Constants of 
Amaranthus Retroflexus Seed Oil 

Specific gravity (24°/4°) 

Refractive index (Abbe 25°) 

Iodine number (Hanus) 

Saponification value 

Mean molecular weight saturated acide 

Mean molecular weight unsaturated acids 

Iodine number of unsaturated acids 

Iodine number of saturated acids 

Unsaturated acids (bas!s of oil) (corrected %) 

Saturated acids (basis of oil) (corrected %) 

Unsaponifiable matter, % 

Acetyl value 

Acid value 

0.9236 

1. 4751 

89.9 

187.4 

263.0 

302.0 

122 .0 

22.5 

71.6 

18.6 

7.6 

14.4 

3.9 
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THiSATIJRATED AC IDS 

The unsaturated acids were separated by the lead 

salt-ether method (5). Eight grams of methyl esters were 

prepared and about three grams were then distilled at 2 mm. 

using a modified micro distillation apparatus described 

below. Various fractions were collected and characterized 

by their refractive indices. See Table II and Figure I. 

Table II 

Fraction Refractive Index (25) Weight (grams) 

1 1.4550 0.191 

2 1.4574 0.355 

3 1.4579 0.427 

4 1.4579 0.511 

5 1.4579 0.496 

6 1.4581 0.300 

7 1.4692 0.230 

8 (residue) 1.51 0.380 

From these data it is evident that fractions 2, 3, 4, 

5, and 6 are essentially the same. The iodine number and 

carbon and hydrogen value were obtained on fraction 4. See 

Table III. 
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Table III 

Iodine number 147.1 

Carbon, g 77.1 

Hydrogen, % 11.62 

Hydrogenation of fraction 5 at 1000 C. and 100 

atmospheric pressure for six hours gave a solid ester, 

melting point, 37° C. (reported for methyl stearate 38° C.). 

An anilide of the ester was prepared (4), MP. 93° C. (re- 

ported for the anilide of stearic acid 93.6° C.). These 

data indicate that the unsaturated acids are composed al- 

most entirely of eighteen carbon atom acids. Calculations 

based on the iodine valuo of the unsaturated acid fraction 

(122.0) and on the carbon and hydrogen data indicate the 

presence of 65 per cent oleic acid and 35 per cent linoleic 

acid. 

SATURATED ACIDS 

The mean molecular weight of the saturated acid 

fraction as obtained from the lead salt-ether separation 

was 263.0. This lies between the values for palmitic and 

stearic acids, indicating a mixture. Four and one half 

grains of methyl esters were fractionally distilled at 3 inn. 

pressure. Various fractions were collected and character- 

ized by their refractive idices. These values, in addi- 

tion to the saponification equivalents of the various 



fractions, are given in Table IV. See also Figure II. 

Table IV 

Fraction Refractive Index (45°) 

1 1.4311 

2 1.4311 

3 1.4310 

4 

5 

6 

7 

8 

9 (residue) 

1.4312 

1.4310 

1.4353 

1.4376 

1.4407 

1.452 

Weight (grams) 

0.321 

0.446 

0.358 

0.583 

0.6o6 

0.686 

0.684 

0.299 

0.396 

7 

Sapon. 
E gu iv. 

270 

270 

271 

273 

272 

278 

292 

296 

From those results lt appears that the saturated 

acid fraction is composed almost entirely of one component, 

fractions 1, 2, 3, 4, and 5 being identical. Carbon and 

hydrogen values and melting points of the esters and their 

analide derivatives were determined on two typical 

fractions. These values along with those for methyl 

palmitate and methyl atearato aro given in Table V. 



i 45O0 

1.4400 

1.4300 
O 1O 2.0 3.0 4.0 

WEIGHT - gr*na 
FIGTJE II 



Table V 

Fraction % C % H M.P., 0J Anilide M.P., °C. 

2 75.6 12.5 29 87 

8 76.3 12.3 34-36 

Methyl palmitate 75.6 12.6 29 87.5 

Methyl stearate 76.4 12.8 38 93.6 

From these results it appears that the saturated 

fraction consists almost wholly of palmitic acid with a 

small percentage of stearic acid. Assuming this to be so, 

the percentages of saturated acids were calculated from the 

neutral equivalent of the saturated acid fraction (263.0). 

Per cent palmitic acid in oil, 16.9; per cent stearic acid 

in oil, 1.7. 

A summary of the acids present as glycerides in the 

oil is given in Table VI. 

Table VI 

Acid in oil 

Palmitic 16.9 

Stearic 1.7 

Oleic 46.5 

Linoleic 25.1 
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DISTILLAT ION OOLUMI 

To meet the demands of this investigation it was 

necessary to develop a practical micro distillation unit 

f or work at low pressures (1-4 mm.) and relatively high 

temperatures. In order to effect a separation of the high- 

er fatty acid esters, such a still had to have a very low 

holdup combined with high efficiency. 

Wyman and Barkenbus (12) have developed such a still 

based on the use of a spinning band in which a successful 

separation of the methyl esters of' stearic and palmitic 

acids was accomplished. Since their co1uni was not avail- 

able in this laboratory, another still based on a differ- 

ent principle was devised. 

Selker et al (10) have developed an 85 plate macro 

column which obtains its separation by the use of con- 

centric tubes. This still, however, requires very careful 

thermol control, comes to equilibrium only after a long 

lapse of time and the high efficiencies are only obtained 

under the most ideal conditions. 

It was thought that bhe high efficiencies and small 

holdup of the Selker column could be obtained without the 

careful thermol adjustment and in much less time. This 

would require that baffles be placed in the concentric 

tubes to provide condensing surface, and to impede the 
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velocity of flowing vapor. 

A ìna11 distilling unit very similar to the 

Podbielniek (8) and Wicimer (11) columns was constructed 

on this principle (Figure III). It is three feet overall 

and is provided with a 50 cm. column and a cold finger 

condenser. Eighteen gauge nichrome wire, one turn per 

cm., was wound around a 6 mm. sealed pyrex tube and then 

inserted into a second close fitting pyrex tube. These 

were placed in a large tube which could be heated 

electrically to any desired temperature in order to 

maintain adiabatic conditions within the column. Presares 

were maintained constant by means of a manostat vthich con- 

trolled a vacuum system of 450 liter capacity. 

Since no thermometer was provided at the take-off, 

samples were removed at frequent intervals and analyzed by 

means of their refractive indices. The distillation flask 

at the bottom of the column was completely immersed in an 

electrically heated phosphoric acid bath. The sensitive 

control of bath and column temperatures permitted the main- 

tenance of almost Ideal equilibrium conditions. 

From the graphs in Figures I and II it can be seen 

that very good separations were actually realized. The 

removal of more, smaller fractions would undoubtedly have 

resulted in sharper breaks In the curves. 
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CONC LUS ION 

The oil content of the seeds of the Amaranthue 

Retroflexus was found to be relative low. The iodine 

number places the oil in the non-drying class although it 
s 

contains a rather large percentage of unsaturated glycer- 

Ides. The low acetyl number indicate$ the presence of 

very few hydroxyl groups which is common for oils contain- 

Ing no glycerides of hydroxyl acids. The low acid and 

saponification values show that the oil is composed almost 

entirely of the glycerides of higher fatty acids. However, 

the per cent unsaponifiable matter is very high, due 

possibly to the method of extraction and the absence of 

any purification methods other than centrifuging. 
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