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I. INTRODUCTION 

Sesame ranks ninth among the thirteen vegetable oil crops which account for 
approximately 90 per cent of the world’s production of vegetable oils (98a). It 
is one of the two (the other is the coconut) oldest oilseeds known to man. Despite 
the significance of sesame to the agriculture of many areas of the world and also 
its economic and industrial importance, neither the seed nor its derived oil and 
meal have received the attention of the research scientist that its apparent im- 
portance would seem to warrant. This is true especially of the oil, which contains 
more unusual minor components and exhibits more unusual chemical and 
physiological properties than any other common edible oil. Such work as has 
been reported on sesame oil is scattered in many journals, the majority of which 
are in other languages than English. For example, less than half the titles in- 
cluded in Swingle’s (215a) library list of two hundred and sixteen references 
covering the literature on genetics, cultural practices, history of production, 
marketing statistics, chemistry, nutrition, and utilization of sesame and its 
derived products are in English; and of the more than two hundred and fifty 
articles referred to by the present authors3 only about a third are in English. 
It is hoped that the following review of the present status of sesame research and 
the discussion of the unusual constituents of this oil will stimulate others to  
undertake work in this field, particularly with respect t o  the minor components 

f Rockfeller Foundation Fellow from the Ministerio de Agricultura y Crla, Divisi6n de 
Quimica, Instituto National de Agricultura, Maracay, Venezuela. 

* One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agri- 
cultural Research Administration, U. S. Department of Agriculture. This paper is the eighth 
of a series of communications on sesame oil. 

* The authors are greatly indebted to  Mrs. Dorothy B. Skau for securing from a variety 
of sources a great deal of literature which Would otherwise not have been available to  thcm. 
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of the oil, their unusual behavior during processing, and their physiological 
activity. 

Sesame oil is obtained from the seed of several species of Sesamum, a member 
of the Pedaliaceae family. In addition to the cultivated S. indicum, seventeen wild 
species have been reported (254k) as occurring in Africa and two others in India 
that are not found in Africa. Food Inspection Decision No. 169 of the U. S. De- 
partment of Agriculture (228) refers to 8. indicum De Candolle, s. radiatum 
Schum and Thorn, and S. orientale L. The nomenclature and the botanical 
classification of the different species and subspecies of sesame seem to be some- 
what confused (144, 149, 200). The names of Linnaeus, Loew, or De Candolle 
are attached to  S. indicum. According to Standardized Plant Names of the 
American Joint Committee on Horticultural Nomenclature, “8. indicum is the 
correct name under International Rules, whereas S. orientale (having line 
priority) was accepted under American Rules.” 

S. indicum is an herbaceous plant growing several feet high with a vegetative 
cycle of only 3 to 4 months. The botanical characters and cultivation of the 
sesame plant and the utilization of the seed have been described by several 
authors (32, 81, 100, 181) and especially by Langham and Rodriguez (144). A 
characteristic property of the sesame plant is the uneven ripening and dehiscence 
of its seed pods, which have heretofore made mechanical harvesting a difficult 
problem; consequently the cultivation of sesame has in the past been restricted 
to  regions where labor was cheap and abundant. 

The original home of sesame is unknown. Lewkowitsch (149) states that, accord- 
ing to De Candolle, sesame seed was brought from the Sunda Islands to India 
several thousand years ago and has migrated thence through the Euphrates to  
Egypt. The oil was used by the women of Babylonia as a cosmetic as well as a 
food. According to a reference given by Hedebrand (loo), sesame is mentioned in 
old Hebrew and Egyptian scripts, such as the Ebers Papyrus, and different 
varieties and the manifold uses of sesame oil have also been described in ancient 
Sanskrit literature. The magic words “Open Sesame!” occurring in one of the tales 
of the Arabian Nights were probably inspired by the characteristic dehiscence of 
the sesame capsules. Marc0 Polo states in his travels through Persia that, “There 
is no oil of olives, but they express it from certain nuts, and from the grain called 
sesame, which resembles the seed of flax, excepting that it is light-coloured; and 
the oil this yields is better, and has more flavour than any other.” Later in his 
travels he refers to  the production of sesame oil in Abyssinia, Ceylon, and the 
Malabar Coast. 

Sesame was introduced into the southern United States during the 17th 
century by Negro slaves who brought the seed with them from Africa. Some of 
the old Negro families still grow sesame for the confectionery markets in Charles- 
ton, South Carolina (254n). 

Sesame is one of the highest-yielding , nonperennial oil plants. Langham and 
Rodriguez (144) have published data on the yields of sesame for the different 
countries in which it is cultivated. The grand average of all thesefiguresisapproxi- 
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mately 800 kg. per hectare, which is equivalent to  about 400 kg. of oil per hectare 
(357 lb. per acre), considerably higher than the corresponding figures for peanuts, 
soybeans, and cottonseed (154a). 

The seed of S. indicum, which is variously known as till or gingelly (India), 
simsim or benne (Africa), and ajonjoli (Latin America), is rich in oil (ca. 50 per 
cent) and protein (20-25 per cent). Other species of the genus Sesamum have 
been reported to  contain as little as 31 per cent oil (13, 149, 200), and in some 
cases the derived oils do not give the Villavecchia test characteristic of the oil 
from the seed of S. indicum. 

Sesame seed is mainly processed for oil, but it is also used extensively in con- 
fectionery and bakery products, in sesame butter, and for the preparation of 
milk-like drinks. The residual press cake is extensively used as a protein supple- 
ment for feeding livestock. The nutritive value of the seed and press cake has 
been investigated by several workers (2a, 57,82,83, l03,120,251,254f, 254g). 

The oil is processed for use as salad or cooking oil, shortening, margarine, and 
in the manufacture of soap. It is also used as a fixative in the perfume industry, 
and in the pharmaceutical industry it is used as a carrier for fat-soluble substances 
(9). At the turn of the century, sesame oil became an important article of com- 
merce in Europe, when the admixture of a small amount of sesame oil to marga- 
rine was required by law. This requirement was based on the fact that sesame oil 
can be readily detected by a characteristic color reaction and the margarine 
therefore distinguished from butter. An important new use was found for sesame 
oil when its synergism with certain insecticides was discovered (63). 

The world acreage devoted to  the cultivation of sesame in the years imme- 
diately preceding World War I1 was approximately 11.5 million, of which about 5 
million were in India, 3.5 million in China, and 1.5 million in Burma (240). 
The annual world production of sesame seed before World War I1 ranged from 
about 1.5 to 1.75 million tons. Asiatic countries accounted for from 90 to95 per 
cent of this total (China about 55 per cent and India, with a larger acreage, 30 
per cent). 

International trade in sesame seed and oil is relatively small, as most of the 
seed produced is consumed domestically. The 1934-38 oil equivalent of sesame 
entering international trade was 68,800 tons (98a). 

Varying and relatively small quantities of sesame seed, oil, and meal have been 
imported into the United States (71, 229, 230). Imports of sesame seed between 
1923 and 1940 varied from 2.8 (1926) to 146.3 (1935) million pounds. Imports 
of sesame oil during the.same period varied from 58,000 pounds (1933) to 39 
million pounds (1937). Imports of sesame seed for 1947, 1948, and 1949 were 
9.4,22.6, and 10.8 million pounds, respectively, compared with the 5-yr. average 
(1937-41) of 10.6 million pounds. Imports of oil for the same years were 0.2, 1.4, 
and 0.25 million pounds, respectively, compared with the 5-yr. average (1937- 
41) of 9.9 million pounds. Prewar imports were mainly of Oriental (China and 
India) origin, whereas in recent years imports have originated principally in 
Latin America. For example, in 1948, 60 per cent of the imported sesame seed 
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came from Nicaragua and 15 per cent from El Salvador (230). The increasing 
amounts of seed imported into the United States in recent years from Central 
America reflect the rapid development of this crop in the latter area, 

Edible sesame oil is dutiable a t  a rate of 2 cents per pound; inedible sesame 
oil (rendered unfit for use as food) is admitted free of duty but is subject to a 
4.5 cents per pound import-excise tax. Imported sesame seed is also duty-free 
but is subject to an import-excise tax of 0.59 cent per pound, which is equiva- 
lent to a duty of 1.25 cents per pound on the oil content. Sesame meal is included 
in the 1930 Tariff, Paragraph No. 730, under the heading “All other vegetable 
oil cake and oil cake meals, not specially provided for,” and is currently dutiable 
at a rate of 0.3 cent per pound. There are no data available on the proportion 
of imported sesame seed which is crushed and that which is consumed directly 
in culinary uses. The Tariff Commission has estimated that, of imports received 
in the 1930’s, less than half was crushed, with the major portion being used in 
confectionery and in bakery products (152a). 

Intensive breeding programs initiated recently in several countries, especially 
in the United States and Venezuela, have resulted in the development of im- 
proved varieties and strains, some of which have indehiscent capsules and are 
therefore better adapted for mechanical harvesting (144). Recent work on see  
ame, ranging from the genetics of the plant to the chemistry of the seed, waa 
reported a t  the First International Sesame Conference, held at  Clemson, South 
Carolina (254). The work reported at  this conference reflected the increasing 
interest in this oilseed crop throughout the Western Hemisphere. In the United 
States the interest derives mainly from a desire to develop an oilseed crop espe- 
cially adapted to the Cotton Belt as a replacement for declining cotton produc- 
tion. The successful introduction of sesame would provide not only an economic 
farm crop, but a source of raw material for the oil mills of the area, a high- 
quality edible oil, and an excellent source of protein feed. 

11. EXTRACTION AND PROCESSING 

In  Europe, sesame oil has been traditionally obtained from the seed by suc- 
cessive expressions (11, 94, 122, 149) in hydraulic presses. The first expression, 
carried out in the cold, yields a high-grade oil, light in color and agreeable in 
taste and odor. Because of the high quality of this oil, it has been used much 
like olive oil without further processing other than clarification. The second ex- 
pression, generally hot, yields a more highly colored oil, which is refined and 
used for edible purposes. The third expression, also hot, gives an oil of inferior 
quality, which is generally used for soap. Expellers of both high- and low-pres- 
sure types are likewise used for processing sesame. The former are now largely 
used in the United States and in Central and South America. Expeller-pressed 
oil is alkali refined, bleached, and deodorized. More recent practice in Europe 
is to use a combination of forepressing and solvent extraction for maximum re- 
covery of oil. 
An equation correlating the yield of oil expressed with the time and amount 
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of applied pressure, and the viscosity of the oil a t  the press temperature, has 
been proposed by Koo (135). 

Direct solvent extraction of sesame does not seem to have been carried out 
commercially, probably because of the high oil content of the seed, but as long 
ago as 1903 and 1905, considerable amounts of press cake from damaged seed 
were extracted witah carbon disulfide in the port of Marseille. The extracted oil 
was used for the manufacture of soap and the meal was used as fertilizer (149). 
Pilot-plant data on the extraction of sesame oil with commercial hexane were 
recently reported by Andraos et al. (6) and Menezes et al. (155). 

A process involving forepressing, followed by extraction of the cake with 
hexane, has been patented by Schmidt and Webber (194). An extraction process 
based on the freezing of the moistened seed to rupture the cells has been pat- 
ented by Musher (159). 

The literature contains but few references (114, 171, 175, 189, 197, 224) to  
processing crude sesame oil. An investigation on alkali refining, bleaching, hy- 
drogenation, and deodorization of different solvent-extracted sesame oils was re- 
ported by Andraos el al. (6) and Menezes et aZ. (155). All of the oils examined 
refined with very low losses and extremely light bleach colors. Investigations of 
the bleaching of sesame oil with different bleaching agents have been reported 
by Wagner (245), Honig (107), and Cohen (53). 

The removal of free fatty acids from sesame oil with alcohol was investigated 
by Krebs (137), who reported that the oil could be practically completely freed 
from fatty acids by this means. Data on the steam consumption and alcohol 
losses were reported. 

Paquot and Nagand (167) investigated the liquid-liquid extraction of sesame 
oil by solvents. Separation of the oil into fractions of different degrees of satura- 
tion was very inefficient. Furt,hermore, when the solvent consisted of a mixture 
containing ethanol, the extraction was “abnormal,” i.e., the extracted fraction 
was more saturated than the insoluble fraction. When the solvent mixture did 
not contain ethanol, the extraction was “normal.” 

Hydrogenation of sesame oil has been investigated by several workers (G,  19, 
23, 105, 124, 155) and was found to  follow much the same course as cottonseed 
oil. The properties of sesame oil hydrogenated to  shortening consistency have 
been reported by Andraos et al. ( 6 )  and by Menezes et al. (155). 

111. COhlPOSITION 

Sesame seed and oil have been examined by numerous investigators ( 6 ,  10, 
12, 27, 70, 100, 105, 118, 123, 130, 147, 155, 176, 18G, 210, 212, 218, 219, 227). 
The data reproduced in table 1,  taken from the work by Andraos, Swift, and Dol- 
lear ( G ) ,  were obtained with a solvent-extracted sesame oil. Similar data were 
obtained by Menezes et al. (155) with the oils extracted from different varieties 
of sesame seed. 

Hilditch and Riley (105) reported the presence of a small amount (0.5 per 
cent) of hexadecenoic acid in the unsaturated acid fraction of sesame oil. The 
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saturated acids are composed mainly of palmitic acid (about 8 per cent), stearic 
acid (4 per cent), and a small amount (0.4-1 per cent) of arachidic acid. Other 
acids present in the saturated acid fraction include 0.1 per cent myristic acid, 
reported by Hilditch and Riley (105), and a trace of lignoceric acid, reported by 
Jrzmieson and Baughman (123). Tsujimoto (226) found 1.2 per cent of highly 
unsat,urated acids by a special lithium salt-acetone method. Hoover (108) re- 
ported i4.2 per cent of a-linoleic acid, using a bromination method. This value 
would be ronghly equivalent to 28-30 per cent of total linoleic acid, a value 
which is abnormally low for sesame oil. 

TABLE 1 

Characteristics of crude sesame oil* 

CHARACTERISTIC VALUE 

Free fatty acids (as oleic), per cent. . . . . . . . . . . . . . . . . . . . . . . . . .  
Color, 5.25-in. cell, Lovibond yellow/red, . . . . . . . . . . . . . . . . . . . .  
Unsaponifiable matter, per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Flash point, O F . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Smoke point, "F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Specific gravity, 25"/25"c. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Refractive index, n5i0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Optical activity,  CY]'^^, l-dm. cel l t . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydroxyl number. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reichert-Meissl value. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Polenske value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Titer, "C.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iodine value.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thiocyanogen value. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Saponification value, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Linolein, per cent$. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Olein, per cent$.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Saturated acid glycerides, per cent$ ........................... 

1.0 
35/4.3 

330 
607 

2 . 3  

0.918 
1.4629 
1.44 
5 . 3  
0.51 
0 .47  

2 2 . 0  
185.8 
112.0 
76 .3  
44.0 
41.7 
14 .3  

* Andraos et a l .  (6) .  
t Value obtained by Menezes et al .  (155) with oil of the same seed. 
$ Iodine-thiocyanogen method; saturated glycerides by difference. 

The dextrorotation of sesame oil is unusual for an oil devoid of optically active 
fatty acid glycerides. The unsaponifiable fraction of sesame oil, however, contains 
minor constituents which are optically active and are responsible for the ob- 
served optical rotation of the oil (1, 25, 46a, 154). 

The rapid determination of oil in sesame seed and meal has been the object 
of a number of investigations (20, 119). 

IV. COLOR REACTIONS 

A .  Baudouin test 

As early as 1850, Camoin observed that a red color was formed when sesame 
oil was shaken with concentrated hydrochloric acid to which a little cane sugar 
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had been added, This reaction was further investigated by several others, among 
them Baudouin, whose name has remained associated with this test. The litera- 
ture prior to  1900 with respect to this and other color tests for sesame oil has 
been thoroughly reviewed by Utz (231). 

B. Villavecchia test 
In 1893, Villavecchia and Fabris (242, 243) modified the Baudouin test by 

replacing the cane sugar with furfural. These authors believed that in the pres- 
ence of concentrated hydrochloric acid, the sugar condensed to yield furfural, 
which was supposed to  be the reagent responsible for the test given by sesame 
oil. It has since been shova (157) that w-oxymethylfurfural and not furfural is 
formed by the reaction between hydrochloric acid and sucrose. However, the 
test devised by Villavecchia and Fabris gained increasing acceptance; because i t  
is a modification of the “Baudouin” test the latter name has also been retained, 
and the test is often referred to indiscriminately as the Baudouin or the Villa- 
vecchia test. 

In  1897, the Villavecchia test acquired a legal status in Germany and other 
European countries when the addition of a small amount of sesame oil to  mar- 
garine became obligatory to facilitate distinguishing the latter fat from butter. 
Similar laws are still in force in several European countries (90, 107, 190, 253) 
and in India. These laws generally specify that a margarine shall give a Villa- 
vecchia test of prescribed color intensity under specified conditions. 

In  the United States, a slightly modified Villavecchia test has been adopted 
as “official” by the American Oil Chemists’ Society for the detection of sesame 
oil in mixtures with other oils (4). 

Criticisms of the T’illavecchia or Baudouin test have not been lacking. The 
question of whether or not furfural alone would produce red or purple colors 
with hydrochloric acid has been debated (203, 231). Actually, no color is formed 
with pure furfural in low concentrations in alcohol (133, 177). 

The specificity of the Villavecchia test has been questioned, because olive oils 
from illgiers, Tunisia, Portugal, and elsewhere have been reported to  respond 
positively to  this test (62, 116, 173, 187, 225,  239). The following suggestions 
have been made to improve the specificity of this test: dilution of the colored 
acid layer with water [Carlifanti, referred to by Utz (231); Nontefredine (158); 
Trevithick (225)l; addition of sodium hydrosulfite [Gassend, referred to by 
Tjtz (231)l; use of the fatty acids instead of the oil [Xlliau, referred to by Utz 
(231); Domergue, referred to by Utz (231); Imbert and Durand (llG)]; prelim- 
inary washing of the oil with sodium bicarbonate (11G); preliminary treatment 
of the oil with alcoholic ammonia (173); dilution of the oil with cottonseed 
oil (109). 

A number of workers have reported positive Villavecchia reactions for milk 
and butter fat from cows and goats fed with sesame press cake (7, 231, 241). 
Other workers (248) obtained negative reactions. The specificity of the test is 
important because of the legal aspect involved in its application, A related prob- 
lem which has received no attention is the effect, if any, on the stability of 
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milk and butter fa t  obtained from animals fed on sesame press cake, because 
the compound responsible for the color test is also known to be an antioxidant 
for fats. 

In  cases where peanut oils were reported to give a positive Villavecchia test, 
it was shorn that they were probably contaminated with sesame oil during proc- 
essing (72, 195, 205). Pure peanut oil, extracted in the laboratory, does not give 
the test (205). 

Curcuma and other coloring agents which may be present in butter or marga- 
rine interfere with the Villavecchia test by producing reddish colorations with 
hydrochloric acid (73, 235). This difficulty can be overcome, a t  least partially, 
by treatment of the fat with active carbon (248), by preliminary extraction of 
the fat with a more dilute hydrochloric acid (73, 161), or by adding a small 
amount of stannous chloride to  the acid (16, 237). Casein has been reported to 
give a violet color under the conditions of the Villavecchia test; consequently, 
butter fa t  should be filtered to remove this substance before making the test 
(5 ,  41). 

The influence of rancidity on the Villavecchia test has been discussed fre- 
quently. It is generally stated that rancidity appreciably reduces the intensity 
of the color formed or prevents its formation entirely (110, 211, 235, 237, 250). 
This, however, is not, always true. Gravenhorst (go), in confirmation of Sprink- 
meyer (211), states that the Villavecchia test given by a fresh sesame oil was 
partly inhibited by mixture with rancid oils, but that the original sesame oil still 
gave an equally intense test after it had become rancid. Lauffs and Huismann 
(146), as well as Utz (237), claim that interference in the color development due 
to  rancidity can be largely overcome by the addition of fresh cottonseed oil. 
Alkaline washing of rancid oils has been claimed to remove substances which 
interfere with the Villavecchia test (90, 107). Hoyt (110) also recommended the 
use of a larger amount of furfural, preliminary extraction of the oil with hydro- 
chloric acid, or heating to 200°C. for 30 min. in an inert atmosphere. 

Such drastic treatments, however, also affect the intensity of the Villavecchia 
test. For example, prolonged heating of the oil is known to reduce the color in- 
tensity (35, 102, 208), and treatment of the oil with decolorizing agents has the 
same effect (35, 90, 102). Gravenhorst (90) reported that this reduction in the 
intensity of the color development may not become apparent until after deodori- 
ization, an observation which has been confirmed and explained by others (48, 
107). 

Hydrogenated sesame oil, according to Lewkowitsch (148), behaves capri- 
ciously with respect to  the Villavecchia test, Prescher (174) observed that this 
test, as well as the Soltsien test, is still positive after sesame oils have been 
hardened by hydrogenation. Paal and Roth (166), as well as Jamieson (122), 
state that hydrogenation reduces the intensity of the color development, but 
that after storage the hydrogenated fat will give a more intense test. Other 
authors (17, 36, 112, 162) reported an increase in the intensity of the color de- 
velopment after hydrogenation. According to the most recent work (48), hydro- 
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genated sesame oils still give strong Villavecchia tests, but deodorization of the 
hardened oils produces marked decrease or complete absence of color develop- 
ment. 

Besides furfural, a number of aromatic aldehydes have been shown to produce 
color reactions more or less similar to those given by furfural (40, 48, 65, 78, 
81, 238). The absorption spectra of the corresponding colors have been investi- 
gated (48). Glucose (217, 232), fructose (66, 67, 249), and other sugars (G6, 67) 
have also been used in place of furfural. Furfural, however, has remained the 
preferred reagent. Sulfuric acid has sometimes been used in place of hydrochloric 
acid (48, 133). Alcoholic hydrochloric acid has been claimed to produce stronger 
color development than aqueous acid (80). Some authors recommend the extrac- 
tion of the oil with acetic acid (212) or alcohol (78, 80, 152) and carrying out the 
test on the extract. Wauters (247), as well as Hoyt (110), preferred to apply the 
Villavecchia test in the form of a “ring test” by slowly adding the oil to  the 
furfural-hydrochloric acid mixture. Slight warming has been claimed to increase 
the intensity of the color obtained (59). 

The influence of the concentration of the hydrochloric acid has been investi- 
gated by several workers (59, 90, 133, 180). 

Some authors have attempted to adapt the Villavecchia test for the determi- 
nation of the approximate content of sesame oil in mixed fats such as marga- 
rine (50, 136). It has been shown that sesame oils of different origins give dif- 
ferent color intensities (48, 237) and that processing conditions markcdly affect 
the Villavecchia test (47, 48, 252) ; therefore, the intensity of the color developed 
cannot b? expected to bear a definite relationship to  the amount of sesame oil 
present in a mixture of oils. 

Many of the discussions reported in the literature concerning the value of the 
Villavecchia test have been obscured by the fact that the authors did not con- 
sider the nature of the compound responsible for the color reactions. This com- 
pound, sesamol, not only occurs in varying amounts in different sesame oils (G), 
but the amount present in a given oil has been shown to be markedly affected 
by different processing conditions (47, 48, 107). Furthermore, it may exist in 
either a free or a bound form, each of which has different properties (47, 48). It is 
not surprising, therefore, that margarines containing the prescribed amounts of 
added sesame oil may give Villavecchia tests of varying intensities (14). Because 
of these facts, difficulty may be experienced where a given intensity of the Villa- 
vecchia test is desired or set as a legal standard rather than a given percentage 
of sesame oil. 

Probably some of these difficulties have led to  attempts to replace the “ses- 
ame oil indicator” in margarine by specific chemical compounds. Phenolphthal- 
ein, starch, dimethylaminoazobenzene, and curcuma have been proposed (231) 
as such indicators. In  this connection, it may be mentioned that oxyhydroquinone 
and its triacetic ester have been claimed to givc a color test with furfural and 
hydrochloric acid which is very similar to that obtained with sesamol (115). 

Instead of sesame oil, sesamol itself or a concentrate of sesamol produced by 
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distilling sesame oil under high vacuum could be used. Use of a concentrate frac- 
tion will give a more intense Villavecchia test, and can be employed with ad- 
vantage for identifying margarine (117). 

C .  Soltsien test 
In  1893 Soltsien (201) suggested the use of Bettendorf’s reagent (solution of 

stannous chloride in concentrated hydrochloric acid) for the detection of sesame 
oil in olive oil. A rose to  violet color was obtained if sesame oil was present. Sub- 
sequently, Soltsien (202, 207) elaborated details of the test, which various 
workers claimed to  be more sensitive than the Baudouin or Villavecchia test, 
and claimed that it could be used where the latter test gave dubious results 
(37, 206, 232, 233, 235). Furthermore, according to some authors (235), the 
stannous chloride reaction is less subject to interference by the pigments present 
in butter or margarine. The intensity of Soltsien’s test has also been claimed to  
be less affected by conditions of processing the oil (252), because the developed 
color is produced by the presence in the oil (209) of a different substance than 
that responsible for the Villavecchia test. It soon became apparent, however, 
that the stannous chloride reaction had serious drawbacks (42, 86, 149, 205, 
212). Spices which are often present in chocolate and baked goods were found 
to  interfere seriously with the reaction and the method soon lost prestige, while 
the Villavecchia test continued to be applied. 

D. Behrens test 
According to Tocher (222), Behrens’ test for sesame oil was proposed in 1852. 

It consists in shaking an oil with a mixture of equal parts of sulfuric and nitric 
acids, whereupon a green color is obtained if sesame oil is present. 

E. Tocher test 
Tocher’s test consists in shaking an oil with a solution of pyrogallol in con- 

centrated hydrochloric acid, whereupon a purple color will form if sesame oil is 
present. 

F .  B i s h o p  test 

According to  the test proposed by Bishop (30), if an oil is exposed to sunlight 
for a few days and then treated with concentrated hydrochloric acid a green color 
is observed if sesame oil is present. Kreis (138, 139, 141) suggested that this test 
could be used for the detection of rancid vegetable oils by observing whether a 
green color is formed upon addition of fresh sesame oil and hydrochloric acid to  
the oil suspected of being rancid. This test is known as the Bishop-Kreis test. 
The Baudouin and Bishop tests have been attributed to  the presence in sesame 
oil of the same compound (146). 

G. Cavalli test 

mixture of hydrochloric and nitric acids (233). 
A red color is observed when a fat containing sesame oil is treated with a 
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H .  Bellier tests 
Three color tests for sesame oil were proposed in 1899 by Bellier (24). They 

were based on the reaction of (a )  ammonium vanadate and sulfuric acid to give 
a green color turning to  greenish black, ( b )  formaldehyde and sulfuric acid to 
give a bluish black color, and (c) resorcinol and nitric acid to  give a bluish green 
color (55, 214). 

I .  Kreis “sesazo reaction” 
Certain sesame oils give a red color when shaken with an aqueous solution of 

diazonaphthionic acid, followed by addition of alkali. This test is positive with 
all sesame oils, provided they have received a preliminary treatment with dilute 
sulfuric acid. This reaction was used by Kreis (140) to demonstrate the presence 
in sesame oil of a phenol (sesamol). A similar reaction was obtained by Malag- 
nini and Armanni (153), using diazo-p-nitroaniline. 

J .  Ambilhl test 
According to  Ambuhl (3), when rancid sesame oil or a rancid fat containing 

sesame oil is subjected to  the Villavecchia test, an indigo-blue color is obtained 
instead of the crimson-red color given by fresh sesame oils. According to Kreis 
(138), the indigo-blue color is actually the result of blending the green color oc- 
curring in the Bishop test with the red color produced by the Villavecchia test, 

K. Kreis test 
If an oil is treated with a mixture of hydrogen peroxide and sulfuric acid, an 

olive-green color is observed in the presence of more than 5 per cent of sesame 
oil (38, 39, 140, 142). 

L. Guarnieri test 
When 1 ml. of an oil is treated with 2-3 drops of a solution of hydrogen perox- 

ide in diethyl ether, followed by the addition of twice the volume of nitric acid 
(sp. gr. 1.40), a blue or green color is observed in the presence of sesame oil (93, 
236). 

M .  Pavolini tests 
T. Pavolini (170) found that treatment of an unknown oil with a mixture of 

sulfuric acid, diethyl ether, ethanol, and water would give a green color with a 
green fluorescence, if sesame oil was present. L. Pavolini (169) found that a 
green color was obtained when a fat containing sesame oil was shaken with a 
mixture of sulfuric acid and acetic anhydride. The same reaction had been used 
previously by Bomer for the detection of sesamin in mixtures of sesamin and 
phytosterol. If furfural was included in the mixture, a cherry-red color turning 
to  blue-green was obtained. 

N .  Jacobson test 
Jacobson et al. (121) obtained a greenish yellow color on treating sesame oil 

with a mixture of perchloric acid and hydrogen peroxide. They showed that the 
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same color was obtained with pure sesamin and used this reaction for the col- 
orimetric determination of this substance. 

V. MINOR CONSTITUENTS 

In view of the practical significance of the color reactions of sesame oil, the 
problem of isolating and characterizing the compounds which are responsible 
for these reactions has attracted the attention of a number of workers. As the 
result of their investigations i t  soon appeared that sesame oil contained, in addi- 
tion to  phytosterol, two compounds which were not found in any other vegetable 
oil: namely, sesamin and sesamolin. The latter compound upon acid hydrolysis 
yields sesamol, the methylene ether of oxyhydroquinone. 

A .  Sesamin 
In 1890 Tocher (222, 223) isolated from the acetic acid extract of sesame oil 

a crystalline substance, melting a t  117-118”C., which he called sesamin. The same 
compound, apparently in a purer state (m.p. 122.5”C.), was obtained several 
years later by Villavecchia and Fabris (242, 243) from the unsaponifiable frac- 
tion of sesame oil. The latter authors reported that sesamin was optically active, 
 CY]^^^ = +68”32‘. Although sesamin appeared to be rather inert chemically, 
Villavecchia and Fabris described the formation of two nitro derivatives. Hei- 
duschka (101) found sesamin to  have a molecular weight of 337-362 and pro- 
posed for it the formula C20H190e. 

The correct molecular formula was established in 1928 independently by 
Adriani (1) and by Boeseken and Cohen (33) as CzoH180s. The structure and 
chemical properties of sesamin were extensively investigated by Bertram, van 
der Steur, and Waterman (26), Boeseken and Cohen (33), and Cohen (54). 
Bertram et al. (26) found, and Boeseken and Cohen (33) confirmed the fact, 
that sesamin was isomerized under the influence of alcoholic hydrogen chloride 
to  yield a compound, “isosesamin,” which had a higher optical rotation than 
sesamin. 

Kaku, Kutani, and Takahashi (126) showed that isosesamin was the optical 
antipode of I-asarinin, a compound which these authors had isolated from sev- 
eral species of Asarum (wild ginger). Following the publication of this work, in- 
vestigations on the structure and chemical properties of sesamin (more correctly 
called d-sesamin) became an integral part of the work on l-asarinin. Erdtman (69) 
pointed out that sesamin is a member of the important group of “resinols,” 
which may be considered as derivatives of 1,4-diphenylbutane or, by cycliza- 
tion, of phenylnaphthalene. This group of compounds includes conidendrin, 
matairesinol, hinokinin, cubebin, olivil, lnriciresinol, guaiaretic acid, pinoresinol, 
and eudesmin. 

Further work on sesamin, especially its relation to asarinin, was reported by 
Huang-Minlon (111). Kaku and Ri (127) isolated I-sesamin (isoasarinin) from 
Asarum sieboldi Miguel, var. Seoulensis Xakai. The same authors were able to  
convert d-sesamin into pinoresinol dimethyl ether and Z-asarinin into eudesmin 
(128). As the result of the work of these and previous workers, the structure of 
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According to  the last-mentioned authors, the existence of the isomeric com- 
pounds, d-sesamin, isosesamin or d-asarinin, isoasarinin or l-sesamin, and 1- 
asarinin, is explained by the presence of asymmetric carbon atoms in the sesamin 
molecule. However, Rolla and Marinangeli (183) recently denied the possibility 
of a centrosymmetrical formula for these compounds on the basis of the high 
value of the electric moment which they found for sesamin. 

Sesamin does not give a positive Villavecchia test, but according to Kreis (143) 
it does give color reactions with the various reagents shown in table 2. As men- 
tioned previously, Jacobson et al. (121) obtained a greenish yellow color when 
an oil containing sesamin was shaken with a mixture of perchloric acid and 
hydrogen peroxide, and they used the development of this color as a basis for 
the determination of sesamin in sesame oil. It has been shown, however, that 
the value of the test is vitiated by the fact that sesamolin gives the same color 
as sesamin with this reagent (49). 

The absorption spectra of 1- and d-sesamin have been investigated (49, 68, 
84, 113) and it has been found that ultraviolet absorption measurements of 
sesame oil can be used for the quantitative determination of sesamin (49). Ap- 
plication of this method to  four sesame oils of different origins gave values rang- 
ing from 0.5 to  1.0 per cent sesamin. 

B. Sesamolin and sesamol 
Villavecchia and Fabris (242, 243), Bomer (35)) and Heiduschka (101) be- 

lieved that the component in sesame oil responsible for the Villavecchia or 
Baudouin test was a yellow noncrystallizable oily substance. As early as 1903, 
Kreis (140) obtained evidence that this color reaction was due to  a phenolic 
compound. Although he was unable to isolate this unknown substance, he pro- 
posed the name sesamol for it. The same year, Canzoneri and Perciabosco (51) 
succeeded in isolating from sesame oil a crystalline substance (“substance X”) 
which melted at  92°C. and gave a strong Villavecchia test. This compound, 
which twenty-five years later was given the name sesamolin (I) and the formula 
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CZoHlsO, by Adriani (l), was readily hydrolyzed by mineral acids to  yield two 
substances, one of which was a brown oil responding strongly to  the Villavecchia 
test. 

TABLE 2 
Color reactions o.f sesamin* 

REAGENT I COLOR I AUTHOR OF TEST 

Nitric acid (with or without sulfuric acid) 
Acetic anhydride + sulfuric acid 
Pyrogallol + hydrochloric acid 
Ammonium vanadate + sulfuric acid 
Formaldehyde + sulfuric acid 
Stannous chloride 
Hydrogen peroxide + sulfuric acid 

Yellow 
Red; then green 
Violet 
Dark green 
Violet 
Red 
Green 

Behrens 
Bomer 
Tocher 
Bellier 
Bellier 
Soltsien 
Kreis 

* According t o  Kreis (143). 

In 1907 Malagnini and Armanni (153) isolated from sesame seed the same 
'kubstance X" (m.p. 94°C.). From the products of hydrolysis of this compound 
they isolated a phenol melting a t  57"C., which they proved to be the methylene 
ether of oxyhydroquinone. This was the phenolic compound which Kreis had 
called sesamol (11). These observations were confirmed by Adriani (1). 

I 
Sesamolin 

I1 
Sesamol 

The equation for the hydrolysis reaction &s established by Adriani (1) is at3 

follows : 

C H ~ O ~ C E H ~ O C I ~ H I ~ O ~  + HzO -+ CHzOzCsHaOH + C13Hi406 

Sesamolin Sesamol Samin 
(m.p. 93.6"C.) (m.p. 65.5"C.) (m.p. 103°C.) 

The second compound which Adriani (1) obtained by hydrolysis of sesamolh he 
named samin, m.p. 103°C. Both sesamolin and samin were optically active, the 
specific rotations being 218" and 103", respectively. 
In 1936 Boeseken, Cohen, and Kip (34) synthesized sesamol by the reaction 

of piperonal with peracetic acid. Sesamol was obtained in the form of the ace- 
tate, together with formic acid. The acetate was saponified with alkali, the alka- 
line solution acidified, and the sesamol recovered by vacuum distillation. The 
equation for the synthesis of sesamol acetate is as follows: 

CHtOzC6HaCHO + CHaCOsH + CHz02CsH30COCHa + HCOOH 
Piperonal Peracetic acid Sesamol acetate Formic acid 
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These authors (34) also synthesized the p-glucoside of sesamol and found that 
it gave a slow and gradual Villavecchia test instead of an almost instantaneous 
color development, as occurs with free sesamol. They concluded, therefore, that 
sesamolin was a glucoside, because sesame oil behaved very much like the syn- 
thetic glucoside with respect to  the Villavecchia test. Although the authors re- 
ferred to Adriani's work, they adopted an erroneous formula for samin. Further- 
more, the formula for sesamolin, as deduced by Boeseken et al. (34), implied a 
structure for this compound for which there was no substantiating evidence but 
inferred instead that such a structure had been established by Adriani (1). Since 
no further work on the structure of sesamol or sesamolin has appeared in the 
literature, it seems advisable to adopt formula I for sesamolin, since it does not 
require making unwarranted assumptions. 

The absorption spectra of sesamol and sesamolin have been reported recently 
(49), and it has been shown that both sesamolin and sesamin, and sometimes 
sesamol, contribute appreciably to the characteristic absorption peaks exhibited 
by sesame oil in the wave length region of 287 mp. 

Sesamolin and sesamol can be determined colorimetrically by a modification 
of the Villavecchia test (48). Although both compounds respond positively to 
the test, the two can be separated readily by taking advantage of the solubility 
of sesamol in alkali. 

Four crude oils obtained from different varieties of sesame seed were reported 
to contain 0.3-0.5 per cent sesamolin, with only traces of free sesamol (48). 
Bleached and hydrogenated sesame oils, however, may contain over 0.1 per cent 
free sesamol, because of the splitting of sesamolin during bleaching and hydro- 
genation (47). 

Sesamol has been shown to possess pronounced antioxidant activity in lard 
and vegetable oils (46). Phosphoric and citric acids markedly enhance the anti- 
oxidant effect. Neither sesamolin nor sesamin was found to have any appreciable 
antioxidant activity when tested by the active oxygen method a t  97.7"C. (46). 

C. Phytosterol 
The presence of a sterol in sesame oil has long been recognized, but it has 

never been investigated in detail. A number of authors reported melting points 
for this sterol(s) ranging from 130" to  139°C. (188, 198, 242, 243). Villavecchia 
and Fabris (242, 243) reported the sterol(s) to have an optical activity of [a] io' = 
-34"23', while Marcusson and Meyerheim (154) found it to be [a];00 = -23". 
The acetyl derivative has been reported to  melt between 125" and 131°C. (164, 
198, 243). According to  Klamroth, as quoted by Lewkowitsch (149), the sterol 
is sitosterol. 

Crude sesame oils from four different varieties of seed Tere found to contain 
0.20-0.24 per cent free, 0.15-0.30 per cent bound, and 0.35-0.54 per cent total 
sterols (4Ga). Similar values were reported earlier by Klostermann and Opita 
(134) for commercial sesame oil. 

D. Other minor constituents 
Besides sesamin, sesamolin, sesamol, and phytosterol, no other minor con- 

stituents have been isolated or characterized. Of interest is the curious observa- 
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tion made by Zimmermann (252), who obtained, from the oil of a “partially 
fermented” Chinese variety of sesame seed, a crystalline aldehydic compound 
which on heating to 200-220°C. yielded naphthalene. 

Bailey (18) reported 0.050 per cent tocopherols in refined sesame oil, as deter- 
mined by a modified Emmerie-Engel method. Karrer and Keller (129) found 
0.005 per cent combined a- and @-tocopherols by potentiometric titration of the 
unsaponifiable matter with gold chloride. Furter and Meyer (85) could not de- 
tect any tocopherols in sesame oil by their colorimetric method involving nitric 
acid. In fact, they used sesame oil as a substrate for dissolving tocopherols used 
for the standard calibration of their method. It has been pointed out (47) that. 
free scsamol responds to the Emmerie-Engel test, two parts by weight of sesamol 
being equivalent to  approximately five parts of a-tocopherol. Consequently, 
when tocopherols are determined .in sesame oil or mixtures containing sesame 
oil, care must be taken to eliminate any free sesamol which may be present. 
Beaver and Kaunitz (22) observed that sesame oil interfered with the polaro- 
graphic determination of a-tocopherol, but no explanation is given for this 
phenomenon. 

Sesame oil contains a small amount of phosphatides. Four crude hexane- 
extracted sesame oils were reported to contain 0.034-0.132 per cent phosphatides 
(P X 24.0) (17). The composition of the phosphatides of sesame seed has been 
investigated by Rewald (179). 

VI. STABILITY 

Among the so-called yellow or soft oils, sesame oil is perhaps the most resist- 
ant to oxidative rancidity and especially so after hydrogenation. Johnston and 
Frey (125) and also Bhattacharyya (28) reported that the rate of absorption of 
oxygen by sesame oil was lower than for other oils. Kedvessy (131) found that 
sesame oil mas more stable under prolonged storage than a number of other oils 
used in therapeutics, with respect to both rancidity and increase in free fatty 
acids. Fiero (74, 75) arrived at  a similar conclusion in the case of hydrogenated 
sesame oil, which he found to be superior to lard and hydrogenated fats as an 
ointment base. Fiero also observed that the unsaponifiable fraction from hydro- 
genated sesame oil was devoid of any appreciable antiosidant activity, although 
the hydrogenated oil itself did inhibit rancidity in lard (76). More recently, 
sesame oils hydrogenated to shortening consistency have been reported (6, 47, 
155) to vary in stability from 560 to 840 hr. by the active oxygen method. 

Several patents have been issued which cover the addition of hydrogenated 
sesame oil to lard and vegetable shortenings for purposes of stabilization (2, 
43, 91). Steam deodorization of the hydrogenated sesame oil destroys its anti- 
oxidant activity (91). The steam distillate from the deodorization, on the other 
hand, possesses antioxidant properties (92). 

Basu and Ray (21) reported that the addition of unhydrogenated sesame oil 
to  vegetable ghee fortified with vitamin A decreased the stability of this vitamin. 
No other reference to  a similar effect is found in the literature, but the related 
work on @-carotene (provitamin A) would seem to contradict the work of the 
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Indian investigators. Baumann and Steenbock (21a) investigated the stabilizing 
action of various oils on 8-carotene and found that after storage for 5 months in 
the dark at 4"C., the amount of carotene which disappeared was as follows: re- 
fined cottonseed oil, 8 per cent; sesame oil, 15 per cent; coconut oil, 25 per cent; 
olive oil, 38 per cent; corn oil, 45 per cent; crude wheat germ oil, 62 per cent. 
It would appear, therefore, that sesame oil is less destructive to  @-carotene than 
are most vegetable oils. In  view of the further fact that it has been a legal re- 
quirement of various European countries for more than fifty years to incorporate 
sesame oil in margarines and that for almost half as long they have been forti- 
fied with vitamin A, it would seem unlikely that this oil contributes appreciably 
to  the destruction of vitamin A. 

Kehren (132) found that sesame press cake was a poor antioxidant for vita- 
min A. Musher (160), on the other hand, patented a process of stabilizing fats 
and oils against rancidity by adding to them small amounts of an infusion of 
sesame seed. 

Olcott and Mattill (163) suggested that sesamol might be responsible for the 
stability of sesame oil and for its antioxidant properties, but advanced no experi- 
mental evidence for the statement. Recently, the role of sesamol in the stability 
of sesame oil was investigated (47) and it was found that certain processing 
treatments, such as bleaching and hydrogenation, resulted in the formation of 
free sesamol from its bound form (sesamolin), a change which was accompanied 
by an increase in the stability of the oil. In  samples, hydrogenated to shorten- 
ing consistency, practically all the sesamol was found to exist in a free form. 
Deodorization, which removes the free sesamol, decreased the stability of the 
oils. In the case of the hydrogenated samples, however, the deodorized oils still 
retained unusually good stability (380- 5-10 A.O.M. hours), although their con- 
tent of free sesamol was reduced to very low values. Hydrogenation apparently 
produces some other product or introduces some factor in addition to the libera- 
tion of sesamol which contributes to  the marked stability of the hardened oil. 

It was shown that the antioxidant effectiveness of hydrogenated sesame oil in 
lard was roughly proportional to  the addition of an equivalent amount of syn- 
thetic sesamol, indicating that free sesamol n-as mainly responsible for the in- 
hibitory action of the added hydrogenated oil. 

VII .  SYNERGISTIC ACTIVITY WITH PYRETHRUM INSECTICIDES 

In  1940 a patent was granted to Engleson (63) describing the synergistic 
effect produced by the addition of sesame oil to  insecticides such as rotenone, 
pyrethrins, and the like. The presence of sesame oil was said to  reduce the con- 
centration of the insect toxin required to produce 100 per cent mortality of the 
insects, by increasing the initial torpor and prolonging the duration of the torpor. 
This synergistic action was discovered in the course of screening forty-two ani- 
mal and vegetable oils as constituents of livestock and household sprays (64). 
No oil, other than sesame, exhibited any effect upon the insects tested (house- 
flies). 

Excellent insecticidal results were observed with an aerosol spray consisting 
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of pyrethrum and sesame oil in dichlorodifluoromethane (87-89). Such aerosols 
have been found to be toxic to adult Culex, Anopheles, and Aedes mosquitoes, 
to  several species of flies (Haematobia, Stromoxgs, and Musca), as well as to 
roaches and bed bugs (215). Good results have also been obtained against the 
adult cheese skipper, Piophilia casei L., the larvae of which often infect stored 
meat and cheese (29). The advantages of the pyrethrum-sesame oil aerosol have 
been pointed out by Sullivan et al. (215), Goodhue (87), and Haller (95). It is 
nontoxic to  warm-blooded animals, noninflammable, easy to apply, and non- 
staining. During World War 11, an aerosol consisting of 4 per cent pyrethrum 
extract (20 per cent pyrethrins) and 6 per cent sesame oil, dissolved in dichloro- 
difluoromethane (Freon 12), was extensively used, and approximately 35 million 
1-lb. aerosol “bombs” were manufactured for the armed forces (95, 182). 

In  1942 Haller (96, 98) and coworkers reported the results of an investigation 
which had for its objective the isolation and characterization of the principle(s) 
responsible for the synergistic activity of sesame oil. To this end the oil was frac- 
tionated by molecular distillation, and from the active fractions a crystalline 
solid was obtained which was shown to be sesamin. When tested as a synergist, 
sesamin was found to be highly active. This observation was also confirmed by 
other workers (60). 

However, the data presented by Haller et al. (96, 98) showed that consider- 
able synergistic activity was retained by the noncrystalline fraction after removal 
of most of the sesamin, indicating that sesamin may not be the only active prin- 
ciple present. This view was supported by Parkin and Green (168), who found 
that the effect produced by sesame oils of different origins is highly variable. 
One sample actually reduced the toxicity of pyrethrins to houseflies. The latter 
authors concluded that “there is no reason t o  doubt that the constituent of ses- 
ame oil chiefly responsible for activation is sesamin; but it seems that there may 
also be present a complex of secondary factors which, according to its composi- 
tion, may increase or decrease the effect of the pyrethrins and/or sesamin in a 
fly spray.” 

Of interest in this connection is the observation made by Simanton (199), 
who reported the isolation from sesame oil of an unidentified crystalline solid 
which melted at  92°C. and had a marked synergistic activity. This unknown 
compound, for which no other properties are given by the author, may be 
sesamolin (m.p. 94°C.). Simanton further reported the presence in sesame oil of 
another unidentified, noncrystalline, synergistically active compound (199). 

Haller et al. (97) investigated several compounds closely related to sesamin, in- 
cluding asarinin and isosesamin. These optical isomers of sesamin were found to  
be as active as sesamin, when tested as synergists for pyrethrins, but when the 
methylenedioxy group in the sesamin molecule was altered, as in pinoresinol and 
its dimethyl ether and diacetyl derivative, the activity was lost. 

Following the establishment of the importance of the methylenediosyphenyl 
group with respect to insecticidal activity, a large number of natural and syn- 
thetic compounds containing this group were examined, and a number of them 
have been found to be active, either alone or as synergists (31,216,244). Sesamol 
apparently has never been tested for this purpose. 



PROPERTIES O F  SESAME OIL 143 

A histological investigation of the effects of fly sprays and activators on the 
nerve and muscle tissues of adult houseflies was reported by Hartzell (99), who 
brought forth evidence that activation (by sesame oil or other activators) is a 
result of the destruction of a t  least two tissue components, the poison having 
an affinity for one component, and the activator for another component, and 
both a t  a lower concentration than either one alone. 

VIII. NUTRITIONAL VALUE AND PHYSIOLOGICAL PROPERTIES 

Sesame seed and oil have been important foods in Asiatic countries for thou- 
sands of years. Sesame seed or flour is very nutritious (57, 103, 254f, 2548) and 
has been recommended as a supplement for wheat and corn flours (251, 254f). 
Sesame meal and cake have been shown, particularly by Almquist (2a) and co- 
workers, to be especially valuable in supplementing soybean meal in chick diets. 
Soybean meal protein is deficient in methionine (1.8-2.0 per cent), whereas ses- 
ame meal protein contains 3.4 per cent of this essential amino acid. It has 
been found that soybean and sesame meals exert a marked mutual supplemen- 
tary effect, as measured by gain or efficiency of food utilization in the chick. 

Recently, a number of investigators have studied the nutritional properties of 
sesame oil, both hydrogenated and unhydrogenated. In  all cases sesame oil has 
been reported to be satisfactory as a food product and nutritionally equivalent 
to  other edible fats (145, 151, 185). As in the case of many other vegetable fats, 
sesame oil lacks vitamin A (184) and its content of vitamin E is low. However, 
the marked stability of this oil, especially after hydrogenation, makes it par- 
ticularly valuable as an edible fat, in view of the fact that rancid fats, besides 
being unpalatable, tend to  destroy certain vitamins existing in other ingested 
foods. 

In therapeutics sesame oil is a preferred vehicle for fat-soluble substances, and 
in biological experiments it is often used as a standard or control fat. In view of 
the synergistic activity of sesame oil in pyrethrum insecticides, it may be pre- 
sumed that the oil possesses some physiological activity, and in fact Bruce and 
Tobin (44) have pointed out that there are indications in the medical literature 
that sesame oil may not be physiologically inactive. These authors found that 
sesame oil contained alcohol-soluble substances, one of which was sesamin, that 
mere toxic to  adrenalectomized rats. Intraperitoneal injections in normal male 
rats of 0.25-1.0 ml. of sesame oil daily for several weeks were reported to  pro- 
duce toxic effects. In  a subsequent communication Tobin (220) reported that 
daily intraperitoneal injections of sesame oil into adrenalectomized female rats 
increased the number of successful pregnancies, prolonged the survival time of 
those animals that had successful gestation, and increased their ability to rear 
young. 

Spurr and Kochakian (213) reported that taice-daily injections of 0.1 ml. of 
sesame oil decreased the survival time of l-month-old male adrenalectomized 
rats from 8.7 to  7.1 days. Pollia (172) reported that distilled sesame oil in some 
cases inhibited tumor growth in sarcoma-bearing rats, while no inhibition oc- 
curred with household brands of sesame oil. On the other hand, Steiner et al. 
(214a) observed that sarcomas were induced in three out of nine mice injected 
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with sesame oil that had been heated to 350°C. Armstrong et al. (14) found that 
injections of sesame oil had deleterious effects on the skeleton of mature rats 
and concluded that the oil was not metabolically inert. 

Cruz et al. (58) reported purpuric lesions in the skin of dogs to  which estradiol 
benzoate dissolved in sesame oil was given. These lesions did not occur when 
sesame oil alone was given, or when other vegetable oils were used as a vehicle, 
except, slightly, with soybean oil. According to  Crafts (56), subcutaneous injec- 
tions of sesame oil into immature male mice produced a reduction in weight of 
the prostate and seminal vesicles, and this effect occurred even when small 
amounts of androsterone were dissolved in this oil. Li and Baldwin (150) ob- 
served testicular tumors in three of forty adult male teleost (Xiphophorus helleri) 
that had received retroperitoneal injections of crude sesame oil. No neoplastic 
changes occurred in untreated adult male fishes. Sudden death of mice injected 
intraorbitally with minute amounts of sesame oil was reported by Figge (77). 
The oculocardiac reflex was believed to be responsible for the sudden and spec- 
tacular death. 

Ratschow and coworkers (178) claimed that daily administration of 1.5 ml. 
of sesame oil to male and female rats for 53 days produced atrophy of the testes, 
shrinking of the ovaries with atresia of the follicles, and marked deposition of 
iron in the adrenal cortex, lymph follicles of the spleen, Kupffer’s stellate cells 
of the liver and hypophysis. Ratschow also claimed that the necrosis which 
caused the American Council on Pharmacy to reject stilbene compounds wm due 
to  the sesame oil used as a solvent. 

A curious physiological property of sesame oil has been reported by Schiff 
and Hirschberger (190-193). Following the oral administration of sesame oil to 
adults and children, as well as to  rats, an increase in the number of blood plate- 
lets (thrombocytes) was observed. The activity of sesame oil was attributed to  
the presence in this oil of a fat-soluble “T-factor.” The authors suggested that 
oxyhydroquinone, or a related compound, might be a constituent of this T- 
factor (191). This discovery, if confirmed, would be of importance with respect 
t o  the treatment of certain diseases accompanied by thrombocytopenia, such as 
morbus maculosus werlhofi. Several workers attempted to  duplicate Schiff and 
Hirschberger’s results, but mostly without success (165, 246). One investigator, 
however, obtained a positive result (52). Schiff and Hirschberger themselves had 
difEculty in duplicating their earlier results when they used a sample of sesame 
oil from a different source (193). 

These observations on the physiological effects produced by sesame oil are 
especially interesting in connection with the fact that this oil contains several 
minor constituents (sesamin, sesamolin, sesamol) which do not occur in other 
oils and which vary widely, not only for sesame oils of different sources, but also 
for any given series of oils having received different processing treatments, 
thereby offering a possible explanation for apparently contradictory observa- 
tions. 

IX. CONCLOSIONS 

In  the past, sesame oil has been investigated principally with respect to its 
color tests because of the practical significance of these reactions. Comparatively 
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little work has been reported in the literature on the effects of processing sesame 
oil and on other problems, such as its stability characteristics and the chemical 
and physiological properties of some of its minor constituents. These problems 
are, however, now beginning to  receive attention and such work as has been 
done recently has been repaid by such discoveries aa the synergistic activity of 
sesamin with pyrethrum insecticides and the antioxidant properties of sesamol. 
There is, however, need for more work on the chemistry and physiology of the 
minor constituents of sesame oil. 

X. REFERENCES 

(1) ADRIANI, W.: Z. Untersuch. Lebensm. 66, 187-94 (1928). 
(2) ALDERKS, 0. H., DISTEL, w. E., AND TAYLOR, J. E. (to Procter & Gamble Co.): 

U. S. patent 1,985,969 (January 1, 1935). 
(2a) ALMQUIST, H. J., AND GRAU, c. R: Poultry Sci. 23, 341-3 (1944); Arch. Biochem. 6, 

ALMQUIST, H. J . :  Proc. Semi-Annual Meeting Nutr. Council Am. Feed Mfgrs. ASSOC., 
287-94 (1945) . 

Chicago, November 26-28, 1949. 
(a) A K B ~ ~ H L ,  G.: Z. anal. Chem. 31, 255 (1893). 
(4) AMERICAN OIL CHEMISTS’ SOCIETY: Oficial a n d  Ten ta t i ve  Methods, 2nd edition, re- 

(5) AMTHOR, C.: Z. Untersuch. Nahr. u. Genussm. 3, 233-4 (1900). 
(6) ANDRAOS, V., SWIFT, C. E., AND DOLLEAR, F. G.: J. Am. Oil Chemists’ SOC. 27. 

(7) ANNATO, C.: Pharm. Ztg. 46, 693 (1901). 
(8) ANNATO, C.: Pharm. Ztg. 46, 772 (1901). 
(9) ANON.: Chem. Druggist 76, KO. 1577, 51 (1910). 

vised to  1949, Chicago, Illinois. 

31-4 (1950). 

(10) ANON.:  Mat. grasses 6, 2723-6 (1012). 
(11) ANON.:  Seifensieder-Ztg. 40, 1349-50 (1913). 
(12) ANON.: Bull. Imp. Inst. 16,474-8 (1917). 
(13) ANON.: Bull. Imp. Inst. 27, 277-89 (1929). 

(15) ARNOLD, W.: Z. Untersuch. Nahr. u. Genussm. 16, 286 (1908). 
(16) ARNOLD, W.: Z. Untersuch. Kahr. u. Genussm. 26, 655 (1913). 
(17) AUERBACH, M.: Chem. Ztg. 37, 297-9 (1913). 
(18) BAILEY, A. E.:  I n d u s t r i a l  Oil a n d  Fat  Produc t s .  Interscience Publishers, Inc., New 

(19) BANNINGER, 0.: Schweiz. Chem. Ztg. 1921, 1-11. 
(20) BARTSTRA, E. A. C . :  Pharm. Weekblad 74, 978-88 (1937). 
(21) BASU, U. P., AND RAY, K.:  Science and Culture 13, 73-4 (1947). 
(21a) BAUMAN, C. A.,  AND STEENBOCK, H.: J. Biol. Chem. 101, 561-72 (1933). 
(22) BEAVER, J. J., AND KAUXITZ, H.: J. Biol. Chem. 162, 363-5 (1944). 
(23) BEDFORD, F., AND WILLIAMS, c. E.: swiss patent 63,934 (December 18, 1911). 
(24) BELLIER, J.: Ann. chim. anal. 4, 217-20 (1899). 
(25) BERG, P., AND ANGERHAUSEN, J . :  Z. Untersuch. Nahr. u. Genussm. 28, 145-9 (1914). 
(26) BERTRAM, S. H., VAN DER STEUR, J. P. K., AND WATERMAN, H. I.: Biochem. Z. 197, 

(27) BETTER, E. I.: Seifensieder-Ztg. 68, 574-5 (1931). 
(28) BHATTACHARYYA, G. N.: Indian J. Phys. 11, 65-72 (1937). 
(29) BILLINGS, S. C., GOODHUE, L. D., AND SULLIVAN, W. N.: J. Econ. Entomol. 36, 289- 

(30) BISHOP, M. W.: J. pharm. chim. 20, 244 (1889). 
(31) BISHOPP, F. C.: J. Econ. Entomol. 39, 449-59 (1946). 
(32) BLIN, H.: Mat. grasses 18, 7670-1 (1926). 

(14) ARMSTRONG, w. D., GOUZE, af . ,  A N D  PETERSON, M.: J. Nutrition 36, 597-609 (1948). 

York (1945). 

1-7 (1928). 

90 (1942). 



146 PIERRE BUDOWSKI AND K. 8. MARKLEY 

(33) BOESEKEN, J., AND COHEN, W. D.: Biochem. Z.201,454-63 (1928). 
(34) BOESEKEN, J., COHEN, W. D., AND KIP, C. J.: Rec. trav. chim. 66, 815-20 (1936). 
(35) BBMER, A.: Z. Untersuch. Nahr. u. Genussm. 2, 705-9 (1899). 
(36) BOMER, A., AND LESCHLY-HANSEN, K.: Seifensieder-Ztg. 39, 977-9 (1912); Z. Unter- 

(37) BOLM, F.: Z. Untersuch. Nahr. u. Genussm. 62,353-7 (1931). 
(38) BOSCH, A. T.: Pharm. J. 94, 321 (1915). 
(39) BOSCH, G. F. TEN: Pharm. Weekblad 60, 526-7 (1913). 
(40) BREINL, F.: Z. Untersuch. Nahr. u. Genussm. 3,440 (1900). 
(41) BREMER, H.: Pharm. Ztg. 46, 757-58 (1901). 
(42) BREMER, H.: Pharm. Ztg. 46, 818-19 (1901). 
(43) BROWN, L.  C., GRETTIE, D. P., AND NEWTON, R. C. (to Industrial Patents Corpora- 

(44) BRUCE, R. A,, AND TOBIN, C. E . :  Endocrinology 27,956-70 (1940). 
(45) BRUCHHAUSEN, F. VON, AND GERHARD, H.: Ber. 72, 830-8 (1939). 
(46) BUDOWSKI, P . :  J. Am. Oil Chemists’ SOC. 27, 264-7 (1950). 
(Ma) BUDOWSKI, P.: J. Am. Oil Chemists’ SOC. 28, 54-5 (1951). 
(47) BUDOWSKI, P., MENEZES, F. G. T., AND DOLLEAR, F. G.: J. Am. Oil Chemists’ SOC. 

(48) BUDOWSKI, P., O’CONNOR, R. T., AND FIELD, E. T.: J. Am, Oil Chemists’ SOC. 27, 

(49) BUDOWSKI, P., O’CONNOR, R.  T., AND FIELD, E. T.: J. Am. Oil Chemists’ SOC. 28, 

(50) BUNCE, E .  H.: Analyst 66, 568 (1930). 
(51) CANZONERI, F., AND PERCIABOSCO, F.: Gam. chim. ital. 33, 11, 253-60 (1903). 
(52) CATEL, W., AND SCHOLOTA, H.: Klin. Wochschr. 20, 1119-21 (1941). 
(53) COHEN, A .  E.: Seifensieder-Ztg. 49, 34C-2 (1922). 
(54) COHEN, W. D.: Rec. trav. chim. 67, 653-8 (1938). 
(55) COOK, E .  F.: J. Am. Pharm. Assoc. 19, 361-6 (1930). 
(56) CRAFTS, C. R. :  Endocrinology 31, 142-5 (1942). 
(57) CRAVIOTO, B. R., LOCKHART, E. E. ,  ANDERSON, R. K., MIRANDA, F. DE: P., AND 

(58) CRUZ, W. O., DA SILVA, E. M., AND DE MELLO, R. P.: Rev. brasil. biol. 6, 367-76 

(59) DASTUR, N. D,  BHIDE, K .  G., AND KOTHAVALLA, 2. R.: Indian J. Vet. Sci. 14, 94-7 

(60) DAVID, W. A. L., AND BHACEY, P.: Nature 153,594-5 (1944). 
(61) DELF, E. M.: Biochem. J. 18, 93-100 (1924). 
(62) DELTOUR, P. :  J. pharm. Belg. 16, 893-6 (1934). 
 EAGLESON, SON, C. (dedicated to the free use of the people in the territory of the United 

(64) EAGLESON, C.: Soap Sanit. Chemicals 18 (12), 125-7 (1942). 
(65) ECK, P. N. VAN: Pharm. Weekblad 44, 1282-5 (1907). 
(66) EKENSTEIN, W. A .  VAN, AND BLANKSMA, J. J.: Chem. Weekblad 6, 217-26 (1909). 
(67) EKENSTEIN, W. A. VAN, AND BLANKSMA, J. J.: Ber. 43, 2355-61 (1910). 
(68) ERDTMAN, G. A., AND ERDTMAN, H. :  Svensk Papperstidn. 47, 22 (1914). 
(69) ERDTMAN, H.: Ann. 616, 162-76 (1935); Svensk Kem. Tid. 48, 230-5,236-41,250-7 

(70) FALBENBURG, M. J., AND HOLDSWORTH, P. H.: Cotton Oil Press 3, KO. 12,46 (1920). 
(71) FEIIR & Co., FRANK: A n n u a l  Review for  1947 of Oilseeds, Oils ,  Oilcakes and Other 

Commodities, London, See also DEWEES, ANNE:  Fats ,  Oils ,  and Oleaginous R a w  
Materials ,  U .  S .  Dept. Agr. Statistical Bull. No. 69 (1937); CRAGG, R. L.: Fats ,  
Oils ,  and Oil-bearing Materials in the United States, U.S. Tariff Commission (1941). 

such. Nahr. u. Genussm. 24, 104-13 (1912). 

tion) : British patent 458,581 (December 14, 1936). 

27, 377-80 (1950). 

307-10 (1950). 

51-4 (1951). 

HARRIS, R.: J. Nutrition 29, 317-29 (1945). 

(1945). 

(1946). 

States): U. S. patent 2,202,145 (May 28, 1940). 

(1936). 

(72) FENDLEE, 0.: 2. Untersuch. Nahr. u. Genussm. 6, 411-12 (1903). 



PROPERTIES OF SESAME OIL 147 

(73) FENDLER, G.: Chem. Rev. Fett- u. Harz-Ind. 12, 10-11 (1905). 
(74) FIERO, G. W.: Bull. Natl. Formulary Comm. 7, 314-19 (1939). 
(75) FIERO, G. W.: J. Am. Pharm. Assoc. 29, 18-23 (1940). 
(76) FIERO, G. W.: Pharm. Arch. 11. 1-3 (1940). 
(77) FIGGE, F. H.  J.: Proc. SOC. Exptl. Biol. Med. 57, 24 (1944). 
(78) FLEIG, 11.1. C.: Bull. soc. chim. 3, 984-91 (1908). 
(79) FLEIG, M. C.: Bull. soc. chim. 3, 992-9 (1908). 
(80) FLEIO, M. C.: Ann. chim. anal. 14,  132-8 (1909). 
(81) FOA, G.: Nuova riv. olii vegetali e saponi 37, 289-91 (1937). 
(82) FOLGER, A. H.: Calif. Agr. Expt. Sta. Bull. No. 576, 2-8 (1934). 
(83) FRENCH, M. H.:  Ann. Rept. Dept. Vet. Sci. Animal Husbandry Tangsnyika Terr. 

(84) FUCHS, L., AND BECK, Z.: Pharm. Presse 38, 93-104 (1933). 
(85) FURTER, M., AND MEYER, R. E.: Helv. Chim. Acta 32, 240-50 (1939). 
(86) GERBER, E.: Z. Untersuch. Nahr. u. Genussm. 13, 65-8 (1907). 
REIN  GOOD HUE, L. D.:  Ind. Eng. Chem. 34, 1456-9 (1942). 
(88) GOODHUE, L. D., A N D  SULLIVAN, W. N . :  U. S. Dept. Agr., Agr. Research Admin., 

(89) GOODHUE, L. D., AND SULLIVAN, W. N .  (to the Secretary of Agriculture of the United 

(90) GRAVENHORST, C. 0. :  Ind. Eng. Chem. 16, 47-8 (1924). 
(91) GRETTIE, D.  P. (to Swift & Co.): British patent 395,971 (July 27, 1933). 
(92) GRETTIE, D. P. (to Industrial Patents Corporation) : U. S. patent 2,095,740 (October 

(93) GUARNIERI: Staz. sper. agrar. ital. 42,387-8 (1909). 
(94) HACK, E.: Chem. Ztg. 46, 18-19 (1922). 
(95) HALLER, H. L.: Ind. Eng. Chern. 39, 467-73 (1947). 
(96) HALLER, H. L., LAFORGE, F. B., AND SULLIVAN, W. N.: J. Econ. Entomol. 36, 247- 

(97) HALLER, H.  L., LAFORGE, F. B., AND SULLIVAN, W. N.:  J. Org. Chem. 7,185-8 (1942). 
(98) HALLER, H. L., MCGOVRAN, E. R., GOODHUE, L. D. ,  AND SULLIVAN, W. N.: J. Org. 

(98a) HANSEN, P. L., AND MIGHELL, R.  L.: Oil  Crops in American Farming, U. S. Dept.Agr. 

(99) HARTZELL, A.: Contrib. Boyce Thompson Inst. 13, 443-54 (1945). 

1933, 49-75 (1934). 

Bur. Entomol. Plant Quarantine E T  No. 190, 3 pp. (April, 1942). 

States of America): U. S. patent 2,321,023 (June 8, 1943). 

12, 1937). 

8 (1942). 

Chem. 7, 183-5 (1942). 

Tech. Bull. No. 940 (1947). 

(100) HEDEBRAND, A.: Landw. \‘em.-Sta. 61, 45-81 (1898). 
(101) HEIDUSCHKA, A.: Chem. Ztg. 36, 1272 (1912). 
(102) HELLER, H.: Farben-Ztg. 28, 1528-9 (1923). 
(103) HEUPKE, W., AND REINHARD, H.: Deut. Arch. klin. Med. 180, 288-95 (1937). 
(104) HILDITCH, T. P., ICXAPORIA, hI. B., A N D  JASPERSON, H.: J. SOC. Chem. Ind. 67,363-8 

(105) HILDITCH, T. P. ,  A N D  RILEY, J. P . :  J .  SOC. Chem. Ind. 64, 204-7 (1945). 
(106) HOFSTADTER, E.: %. Untersuch. Kahr. u. Genussm. 17,436-41 (1909). 
(107) HOKIG, P . :  Chem. Weekblad 22, 509-12 (1925). 
(108) HOOVER, A. A.: Ceylon J .  Sci. D5, 55-7 (1939). 
(109) HOTON, L.: Ann. fals. e t  fraudes I, No. 2, 65-7 (1908). 
(110) HOYT, L. F.: Cotton Oil Press 7, No. 7, 37-9 (1923). 
(111) HUAKG-MINLON: Eer. 70, 951-8 (1937). 
(112) HUGEL, E.: “Technologie der Fetthartung” in Hefter-Schonfeld’s Chemie und Tech- 

(113) HULST, 1,. J. N. VAN DER: Rcc. trav. chim. 64, 644-50 (1935). 
(114) I. G. FARBENINDUSTRIE, A.-G.: British patent 328,276 (December 24, 1928). 
(115) I .  G. FARBENIXDCSTRIE, A.-G.: German patent 603,279 (September 26, 1934); French 

(1938). 

nologie der Fetlprodukte, 2nd edition, Vol. 11, p. 163. J. Springer, Vienna (1937). 

patent 723,380 (September 25, 1931)’. 



148 PIERRE BUDOWSKI AND I€. 8. MARKLEY 

(116) IMBERT, H., AND DURAND, L.: Ann. fals. e t  fraudes 2, No. 9,317-19 (1909). 
(117) IMPERIAL CHEMICAL INDUSTRIES, LTD. : French patent 770,422 (September 13, 1934). 
(118) INABA, T., AND KITAGAWA, K.: J. SOC. Chem. Ind., Japan 38, Suppl. binding 74-5B 

(119) INQRAHAM, D.  c., AND SIMPSON, T. H.: oi l  & Soap 13, 2224 (1936). 
(120) IWATA, H.: J. Agr. Chem. SOC. Japan 12, 415-20 (1936). 
(121) JACOBSON, M., ACREE, F., JR., AND HALLER, H. L.: Ind. Eng. Chem. 16,166-7 (1944). 
(122) JAMIESON, G. S. : Vegetabk Fats and Oils, 2nd edition. Reinhold Publishing Corpora- 

(123) JAMIESON, G. s., AND BAUGHMAN, w. F.: J. Am. Chem. SOC. 46,775-8 (1924). 
(124) JOGLEKAR, R. V., AND JATKAR, S. K. K.: J. Indian Inst. Sci. 23A, 139-57 (1941). 
(125) JOHNSTON, W. R., AND FREY, C. N.: Ind. Eng. Chem., Anal. Ed. 13, 479-81 (1941). 
(126) KAKU, T., KUTANI, N., AND TAKAHASHI, J.: J. Pharm. SOC. Japan 66,80-91 (1936). 
(127) KAKU, T., AND RI, H.: J. Pharm. SOC. Japan 67, 184-6 (1937). 
(128) KAKU, T., AND RI, H.: J. Pharm. SOC. Japan 67, 289-96 (1937). 
(129) KARRER, P., AND KELLER, H.: Helv. Chim. Acta 21, 1161-9 (1938). 
(130) KAUFMANN, H. P.: Arch. Pharm. 263, 675-721 (1925). 
(131) KEDVESSY, G.: Ber. ungar. pharm. Ges. 16, 114-27 (1940). 
(132) KEHREN, L.: Oleagineux 3, 387-9 (1948). 
(133) KERP, W.: Z. Untersuch. Nahr. u. Genussm. 2, 473-80 (1899). 
(134) KLOSTERMANN, M., AND OPITZ, H. :  Z. Untersuch. Nahr. u. Genussm. 28, 138-46 

(135) Koo, E .  C.: J. Chem. Eng. (China) 7, 1 4  (1940); 8, 5-10 (1941); Ind. Eng. Chem. 

(136) KRAUSS, E. J.: Z. Untersuch. Nahr. u. Genussm. 41, 178-9 (1921). 
(137) KREBS, 0.: Olmarkt 9, 121-2 (1927). 
(138) KREIS, H.: Z. Untersuch. Nahr. u. Genussm. 3, 441-1 (1900). 
(139) KREIS, H.: Chem. Ztg. 26,897, 1014 (1902). 
(140) KREIS, H.: Chem. Ztg. 27, 1030 (1903). 
(141) KREIS, H. :  Chem. Ztg. 32, 87-9 11908). 
(142) KREIS, H.: Chem. Ztg. 34, 1040 (1910). 
(143) KREIS, H.: Mitt. Lebensm. Hyg. 19, 385 (1928). 
(144) LANGHAM, D. G., AND RODRIGUEZ, M.: E. E. U. U. de Venezuela, Ministerio de 

Agricultura y Crla, Departamento de Genetica Boletin No. 2 (1945). 
(145) LANGWORTHY, C. F., AND HOLMES, A. D.: U. S. Dept. Agr. Bull. No. 606 (1917). 
(146) LAUFFS, A., AND HUISMANN, J.: Chem. Ztg. 31, 1023-5 (1907). 
(147) LEBN, R.  DE: Rev. sanidad y asistencia social (Venezuela) 11, 411-21 (1946). 
(148) LEWKOWITSCH, J.: Chemical Technology and Analysis of Oils, Fats and Waxes, edited 

by G. H. Warburton, 6th edition, Vol. I, p. 509. Macmillan and Company, London 
(1938). 

(1935). 

tion, New York (1943). 

(1914). 

34, 342-5 (1942). 

(149) LEWKOWITSCH, J.: Reference 148. Vol. 11, pp. 215-31. 
(150) LI, M. H., AND BALDWIN, F. M.: Proc. SOC. Exptl. Biol. Med. 67, 165-7 (1944). 
(151) LIEBENTHAL, F., AND ADOLPH, W. H.: J. Chinese Chem. SOC. 16, 161-5 (1948). 
(152) LUCENTINI, R.: Ind. olii minerali e grassi 10, 156-7 (1930). 
(152a) LUND, C. E.: Private communication to  the authors, July 20, 1950. 
(153) MALAGNINI, G., AND ARMANNI, G.: Rend. SOC. chim. ital. 6, 133-7 (1907). 
(154) MARCUSSON, J., AND MEYERHEIM, G.: Z. angew. Chem. 1914, I, 201-3. 
(154a) MARKLEY, K.  S.: Cotton Gin and Oil Mill Press 6, No. 12, 10, 12, 60-1 (1950). 

(155) MENEZES, F. G. T., BUDOWSKI, P., AND DOLLEAR, F. G. :  J. Am. Oil Chemists' SOC. 

(156) MCCULLOCH, W. E.: Nature 127, 199-200 (1931). 
(157) MIDDENDORP, M. J. A . :  Rec. trav. chim. 38, 47-71 (1919). 
(158) MONTEFREDINE, A , :  Olii minerali. olii grassi, colori vernici 12, 93 (1932). 

See also MARTIN, J. A,: Crops and Soils 2, No. 7, 7 (1950). 

27, 184-6 (1950). 



PROPERTIES OF SESAME OIL 149 

(159) MUSHER, A. (to Food Manufacturing Corporation): U. S. patent 2,280,048 (April 

(160) MUSHER, S. (to Musher Foundation, Inc.): U. S. patent 2,093,971 (September 21, 

(161) NEUFELD, C. A.: Z. Untersuch. Nahr. u. Genussm. 1, 156-8 (1898). 
(161) NORMA“, W., AND HUGEL, H.: Chem. Ztg. 37, 815 (1913). 
(163) OLCOTT, H.  S., AND MATTILL, H. A.: Chem. Revs. 29, 257-68 (1941). 
(164) OLIG, A.: Z. Untersuch. Nahr. u. Genussm. 28, 129-38 (1914). 
(165) OLSON, K. B.: Proc. SOC. Exptl. Biol. Med. 41, 643-4 (1939). 

(167) PAQUOT, C., AND NAGAND, A.: OlBagineux 4, 22-4 (1949). 
(168) PARHIN, E. A., AND GREEN, A. A,: Nature 164, 594 (1944). 
(169) PAVOLINI, L. :  Olii minerali, olii grassi, colori vernici 14, 41-3 (1934). 
(170) PAVOLINI, T.: Ind. olii minerali e grassi 10, 41-2 (1930). 
(171) PHELPS, G. W., AND BRADLEY, R.  (to Industrial Patents Corporation): Canadian 

(172) POLLIA, J. A.: Radiology 29, 683-94 (1937). See also DEOME, K .  B., JULIAN, L. M., 

(173) PRAX, M. J.: Ann. fals. et fraudes 14, 270 (1921); 16, 159-61 (1922). 
(174) PRESCHER, J.: Z. Untersuch. Nahr. u. Genussm. 30, 357-61 (1915). 
(175) RAI, H., AND DUNNICLIFF, H. B.: J .  SOC. Chem. Ind. 38, 99R (1919). 
(176) RAM, KASHI: Mem. Dept. Agr. India, Botanical Ser. 18, 127-47 (1930). 
(177) RANWEZ, F.: Z. Untersuch. Nahr. u. Genussm. 6, 464-5 (1902). 
(178) RATSCHOW, M., AND STECKER, M. L.: Z. klin. Med. 137,576-90 (1940). 

(179) REWALD, B.: Biochem. J. 36, 822-4 (1942). 
(180) RICHARD, F.: J. pharm. chim. 4, 394-6 (1926). 
(181) RINDL, M.: S. African J. Inds. 3, 1150-4 (1920). 
(182) ROARK, R. C.: Econ. Botany 1,437-45 (1947). 
(183) ROLLA, M., AND MARINANGELI, A. M.: Boll. sci. facolth chim. ind. Bologna 7, 48-9 

(184) ROSEDALE, J. L., AND OLIVEIRO, C. J.: Malayan Med. J. 9, 140-5 (1934). 
(185) ROST, E.: Arb. Reichsgesundh. 62, 184-209 (1920). 
(186) RUDAKOV AND BELOPOL’SKI~ : Masloboino-Zhirovoe Del0 1931, No. 2-3, 60. 
(187) SAGE, C. E. :  Pharm. J. 94, 128-9, 193 (1915). 
(188) SALOMON, H.: Ber. Pharm. Ges. 24, 189-93 (1914). 
(189) SCHAEFER, W.: Chem. Umschau 26, No. 7, 17-19 (1919). 
(190) SCHIFF, E., A N D  HIRSCHBERGER, C. : Jahrber. Kinderheilkunde 140, 293-6 (1936). 
(191) SCHIFF, E., AND HIRSCHBERGER, C.: Jahrber. Kinderheilkunde 149, 81-93 (1937). 
(192) SCHIFF, E., AND HIRSCHBERGER, c.: Am. J. Diseases Children 63, 32-8 (1937). 
(193) SCHIFF, E., A N D  HIRSCHBERGER, C. : Jahrber. Kinderheilkunde 160, 247-51 (1937). 
(194) ScHnrIDT, E. w., AND WEBBER, W. F. (to Archer-Daniels-Midland co.): u. s. patent 

(195) SCHNELL, J.: Z. Untersuch. Kahr. u. Genussm. 6, 961-3 (1902). 
(196) SCHOKFELD, H. ,  AND WESTERINK-SCHAEFFER: In Hefter-Schonfeld’s Chemie und Tech- 

(197) SEIDEL, H. :  Z. Untersuch. Nahr. u. Genussm. 4, 132 (1901). 
(198) SIEGFELD, M.: Z. Untersuch. Sahr .  u. Genussm. 7, 577-85 (1904). 
(199) SIMANTOK, W. A. (to Gulf Research ck Development Co.): U. S. patent 2,463,324 

(200) SMITH, E. H. G.: Nigeria Dept. Agr. Bull. No. 11, 17-21 (1936). 
(201) SOLTSIEN, P . :  Pharm. Ztg. 1893, KO. 84, 654. 
(202) SOLTSIEN, P.: Z. offentl. Chein. 3, 63-6 (1897). 
(203) SOLTSIEN, P.: Z. Untersuch. Sahr .  u .  Genussm. 2, 383 (1899). 

14, 1942). 

1937). 

(166) PAAL, c., AND ROTH, K . :  Ber. 42, 1541-53 (1909). 

patent 345,681 (October 30, 1934) ; U. S. patent 2,022,361 (November 26, 1935). 

AND STRAIT, L. A.: Rev. path. cornparbe et hyg. gBn. 49, 550-1 (1949). 

RATSCHOW, M.: Angew. Chem. 63, 374 (1940). 

(1949). 

2,430,535 (November 11, 1947). 

nologie der Fette u n d  Fettprodukte,  Vol. 11, p. 801. J. Springer, Vienna (1937). 

(hlarch 1, 1949). 



150 PIERRE BUDOWSKI AND K ,  S. MARKLEY 

(204) SOLTSIEN, P.: Pharm. Ztg. 46, 771-2 (1901). 
(205) SOLTSIEN, P.: Chem. Rev. Fett- u. Hara-Ind. 8,202-3 (1901); Z. Untersuch. Nahr. u. 

(206) SOLTSIEN, P.: Pharm. Ztg. 46, 850 (1901). 
(207) SOLTSIEN, P . :  Pharm. Ztg. 48, 524-5 (1903). 
(208) SOLTSIEN, P . :  Chem. Rev. Fett- u. Hara-Ind. 13, 7-9 (1906). 
(209) SOLTSIEN, P.: Chem. Rev. Fett- u. Ham-Ind. 13, 138 (1906). 
(210) SPOONER, R.  C., AND WANG, H.  H.: J. Chem. Eng. China 4, 181 (1937). 
(211) SPRINKMEYER, H. :  Z. Untersuch. Nahr. u. Genussm. 16,20-21 (1908). 
(212) SPRINKMEYER, H. ,  AND WAGNER, H. :  Z. Untersuch. Nahr. u. Genussm. 10, 347-53 

(213) SPURR, C. L., AND KOCHAKIAN, C. D. :  Endocrinology 26,782-6 (1940). 
(214) STEINER, 0.: 2. Untersuch. Nahr. u. Genussm. 46, 154-6 (1923). 
(214a) STEINER, P. E., STEELA, R., AND KOCH, F. C.: Cancer Research 3, 100-107 (1943). 
(215) SULLIVAN, W. N., GOODHUE, L. D., A N D  FALES, J. H.: J. Econ. Entomol. 36, 48-61 

Genussm. 6, 463-4 (1902). 

(1905). 

(1942). 
(215s) SWINGLE, M. K.: Sesame,  A Lis t  of References. U. S .  Dept. Agr. Library List No. 20 

(1945). 
(216) SYNERHOLM, M. E .  (to Boyce Thompson Institute for Plant Research, Inc.): U. S. 

(217) TAMBON,N. J.: J. pharm. chim. 13,56-8 (1901); Z. Untersuch. Nahr. u. Genussm. 4,754 

(218) THURSTON, A. :  Midland Druggist 62, 254-5 (1918). 
(219) T I H O N ,  L.: Bull. Agr. Congo Belge 26, 492-5 (1935). 
(220) TOBIN, C. E. :  Endocrinology 28, 419-25 (1941). 
(221) TOCHER, J. F. :  Pharm. J. Transact. 1890/91, 638-9. 
(222) TOCHER, J. F. :  Pharm. J. Transact. 1890/91, 639-40. 
(223) TOCHER, J. F. : Pharm. J. Transact. 1892/93, 700-702. 
(224) TOURNEL, M.: French patent 540,917 (July 19, 1922). 
(225) TREVITHICK, H.  P.: Cotton Oil Press 3, No. 6, 40 (1919). 
(226) TSUJIMOTO, M.: J. Chem. Ind. Japan 23, 1007-10 (1920). 
(227) UENO, s., AND OTA, Y.: J. soc. Chem. Ind. Japan 40, Supplemental binding, 291-2B 

(228) U. S. DEPARTMENT OF AGRICULTURE : Food Inspection Decision No.  169: Definition and 

(229) U. S .  DEPARTMENT OF AGRICULTURE: Agricultural Statistics, 1947, pp. 159, 161, 522. 
(230) U. S. DEPARTMENT OF COMMERCE: Indus try  Report, Fats and Oils ,  Annual Review, 

(231) UTZ, F.: Apoth. Ztg. 16, 28-9, 38-9 (1900). 
(232) UTZ, F . :  Z. Untersuch. Nahr. u. Genussm. 6, 234-5 (1902). 
(233) UTZ, F . :  Z. Untersuch. Nahr. u.  Genussm. 6, 621-2 (1903). 
(234) UTZ, F . :  Z. Untersuch. Nahr. u. Genussm. 6, 909 (1903). 
(235) UTZ, F . :  Chem. Rev. Fett- u.  Hara-Ind. 16, 83-84, 110-11 (1908). 
(236) UTZ, F.: Chem. Rev. Fett- u. Ham-Ind. 18, 292-3 (1911). 
(237) UTZ, F.: Chem. Umschau 28, 167-8 (1921). 
(238) VANDEVELDE, A.  J. J.: Z. Untersuch. Nahr. u. Genussm. 4, 131-2 (1901). 
(239) VANNI, G.: Olii minerali, olii grassi, colorii vernici 12, No. 4,60-1 (1932). 
(240) Vegetable Oils and Oilseeds, pp. 50-5. Commonwealth Economic Committee, 

Intelligence Branch, His Majesty's Stationery Office, London (1948). 
(241) VIETH, P.: Z. Untersuch. Nahr. u. Genussm. 2, 384 (1899). 
(242) VILLAVECCHIA, V., AND FABRIS, G.: Z. angew. Chem. 17, 505 (1893). 
(243) VILLAVECCHIA, V., AND FABRIS, G.: Ann. lab. chim. centr. delle gabelle, Roma 1897, 

(244) WACHS, H.: Science 106, 530 (1947). 

patent 2,433,491 (December 30,1947). 

(1901). 

(1937). 

Standards. (1917). 

1949 and 1950. 

p. 13. 



PROPERTIES OF SESAME OIL 151 

(245) WAGNER, A.: Seifensieder-Ztg. 40, 1225-6 (1913). 
(246) WAGNER, K .  H.: Klin. Wochenschr. 20, 574-6 (1941). 
(247) WAUTERS, J.: Bull. assoc. Belge chim. 9, 275-80 (1895). 
(248) WAUTERS, J.: Untersuch. Nahr. u. Genussm. 3, 439-40 (1900). 
(249) WEEHUIZEN, F.: Pharm. Weekblad 66, 77-9 (1918). 
(250) WEIGMANN, H.: Jahrb. Versuchs- u. Lehranstalt Molkereiwesen Kiel 1900, 3 4 .  
(251) Yu CHEN LAI: U. S. patent 1,470,929 (October 16, 1923). 
(252) ZIMMERMAN, S.: Mitt. tech. Versuchsamtes (Wien) 1 , 7 1 4  (1912); J. Soc. Chem. Ind. 

(253) ZMIGROD, S.: Przemysl Chem. 13, 557-60 (1929). 
(254) Proceedings of the First International Sesame Conference, August 16-16, 1949. Clemson 

31, 443 (1912). 

Agricultural College, Clemson, South Carolina (December, 1949). 
(a) MARTIN, J . :  Foreword. 
(b) ARTHUR, J. C., JR., AND VOLKERT, E. C.: Some Chemical and Physical Properties 

of Sesame Protein. 
(c) ANDRAOS, V., SWIFT, C. E., AND DOLLEAR, F. G.: Sesame Oil. I. Properties of a 

Solvent-Extracted Sesame Oil. 
(d) MENEZES, F. G. T., BUDOWSKI, P., AND DOLLEAR, F. G . :  Sesame Oil. 11. Some 

Chemical and Physical Properties of the Oils from Different Varieties of Sesame 
Seed. 

(e) BUDOWSKI, P.: Sesame Oil. 111. Sesamol: A Constituent of Sesame Oil. 
(f) JAFFE, W. G.: Some Aspects of the Nutritional Value of Sesame. 
(g) LEASE, E. J.: Certain Vitamin Values of Sesame. 
(h) HOFFMAN, A., AND CLAASSEN, C. E.: Sesame Research in Progress at the Univer- 

(i) CANO, J.: Preliminary Studies on Sesame in El  Salvador, C. A. 
(j) MARTIN, J. A.: Cercospora Leaf Spot Resistance in Sesamum indicum. 
(k) PARTHASARATHY, N., AND KEDARNATH, C. : The Improvement of Sesame Crop in 

sity of Nebraska. 

India. 
(1) KALTON, R. R.: Sesame, a Promising New Oilseed Crop for Texas. 

(m) MARTIN, J. A,: Sesame Breeding Under Greenhouse Conditions. 
(n) MARTIN, J. A.: Improvement of Sesame in South Carolina. 
(0) LANGHAM, D .  G., AND RODRIGUEZ, M.: Improvement of Sesame in Venezuela. 
(p) ARMSTRONG, G. M., AND ARMSTRONC, J. K.  : Fusarium Wilt of Sesame. 


