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Introduction 
The body oil of menhaden (B'I'evoortia tyrarmlls) 

lws long been available as an industrial product. 
Stingley (15) has published information on the com­
mercial availability of fatty acid concentrates from 
fish oils including menhaden. 

The study of menhaden fish oil was nndertaken 
with the belief that fundamental knowledge of the 
chemical composition wonld make it a more valuable 
intermediate in the manufacture of chemical products, 

Embree (6) has reported that molecular distillation 
of menhaden oil yields glycerides of widely separated 
iodine numbel·s. Riemenschneider, Swift, and Sando 
(lg) have shown that cottonseed oil glycerides can be 
separated by low temperature crystallization from 
acetone. Menhaden oil was seflarated into three frae­
tions in this study: 12.4 percent with an iodine num­
ber of 92.9, 75.0 percent with an iodine number of 
179.0, and 12.6 pereent with an iooine number of 
264.2. The last fraction remained in solution at the 
temperature of dry icc. The attempted use of Jess 
acetone at higher temperatures failed to give a soluble 
fraction with an iodine number above 198.4. 

The precipitate obtained from winterizing crude 
menhaden oil was crystallized several times from ace­
tone to give a crystalline solid. Methanolysis and 
fractional distillation indicated 19.6 percent methyl 
myristate, 62.0 percent methyl palmitate, 17.6 per­
cent methyl stearate and 0.8 percent of an ester of 
higber molecular weight. 

'the unsaturated acids with eighteen carbon atoms 
ohtained from menhaden oil were found to give dihy­
droxystearic acids from which 9, 10-dihydroxystearic 
acid was isolated. Evidence was found also' for an 
11, 12-dihydrostearic acid. Brominatioll of concen­
trates with high iodine numbers gave octabromo­
stearic acids. The eighteen carbon fraction eontains' 
chiefly !2 9, 10-octadecenoic acid with some /::, 11, 
12-octadecenoic and octadecatetrenoic acid. 

'The twenty carbon unsaturated acids produced 11, 
12-dihydroxy eicosanoic acid and decabromoeicosanoic 
acid. This fraetion is composed mainly of 6, 11, 12­
eicosenoic and eicosapentenoic acids. 

Experimental 
Saponification' equi....alents were determined by a 

modification of the method of Cbargoff (5). A modi­
fication of the mercuric acetate catalyzed Wij's 

1 Tak~n in part trom eo thesia submitted to the UniV6lJJity of :Mary· 
la.-nd in llartiiil fulfillment of the requheme'ots tor the degree ot Dod,or 
of PhiloBopby. 

'I 'i'hiB ~ection was presented before the Division at Agricultural fl,nd 
Food Ch,,:nilltry ot the American Chemical Society ::MeeLine in Atlantic 
City. N. J" SepLlllllber, 1941. 

method described by Hoffman and Green (9) was 
used fm' the determination of 'the iodine number. 

A.	 Low TEMPERATURE CRYSTALLIZATION 
OF GLYCERIDES 

Saturated Glycerides. Cl'Ude menhaden oil after 
standing .at 15° C. for several days was filtered by 
suction to' remove as much of the adhering oil from 
the precipitate as possible. A sample of crude oil 
weighing 809 g. deposited 81 g. of paste with an 
iodine number of 139. A commercial sample of sim. 
ilar material (supplied by Menhaden Fish Products 
Company of Baltimore, Md.) that had been filter 
pressed at 5° C. had an iodine number of 136. 

The paste was crystallized several times from ace­
tone in the usual manner and the white crystals, 
having an iodine number of 5.9 and saponification 
equivalent of 268, melted at 53-54° C. 

Alcoholysis of 120 g. of glycerides ga.ve methyl 
esters that were used for fractional distillation. The 
fractions obtained and their properties are listed in 
Table 1. Assuming that each fraction contained two 

.esters, it has been calculated that the composition was 
19.6 percent methyl myristate, 62.0 percent methyl 
palmitate, 17.6 percent methyl stearate and 0.8 per­
cent methyl arachidate. Pure myristic, palmitic and 
stearic acids were obtained from fractions 1, 7, and 
11 respectively. 

TABLE 1 

Fractionation of the Methyl E'BteTI! From the Saturated Glycerides 

'Fra.ction Weigl1t B. pt, at 
8mm. S~::l~~~~~n 

vm·· ·0. 
1 10.29 l43·155 242 
2 6.40 145·150 253 
a 5.54 l50·155 254 
4 4.7'8 155·157 255 
5 3.08 157 255 
6 l4.48 157·162 272 
7 36.76 l62·l65 273 
8 12.79 165 274 
9 2.8l 165·170 280 

lO 3.86 170·l79 289 
11 5.61 lT9·18S SOO 
12 8.64 183·184 298 
13 1.76 Holdup 613 
14 5.32 Rel!lidue D..rk Red 

CrystaUization of Destearinated M ell kadell Oil. 
Eight hundred g. of destearinated oil obtained from 
Fish Products Company, of Lewes, Delaware, was 
dissolved in the required volume of acetone (see 
Table 2). After 48 hours at __15° C., the mixture 
was filtered by suction through a previously cooled 
funnel and paper. The two solutions were allowed to 
reach room temperature, dried over anhydrous cal­
cium chloride and the 'acetone was distilled in an 



inert atmosphere. The last traces were removed at 
the water pump. 

In one instance, when 10 ml. of acetone was used 
per g. of oil, thc filtrate was cooled to -60°C. with 
solid carbon dioxide. 'l'he mixture was held at this 
temperature for one hour, then the Bupernatant liq­
uors were removed with a filter stick. 

TABLE 2 

Analys.is of Fraction Obtained by Orystallization ot Menhaden on 

1 'fp.mper·1 Acetone I Yi~ld JOdiD9! ~~~~:~li'ract.ion ! aturc par g. o/D number equivs.­I oil lent 
-----..---- --'-0-.- -;;;:--i-------i--­
Original ojL ..................	 18L8 BOO
 
A. Precipitate................ -15 2.6 23.6 i35.3' 277
 

Filt.rnte...................._ 76.4 1QB.4 30B
 
;B.	 Pt'ecipiiBle..-.............. -15 5.0 16.0 107.7 295
 

Filtrote...................... 84.0 195.3 301
 
O. Precipitate................ -16 10.0 92.9 290
 

Filtrnt.~ recooled: 12.4 
Procipitate............. -60 75.0 179.0 29B 
Filtrate ................... -6D 12.6 264.2 305ISaturated gly~~r~de6..•...; _"_"__. 2.0 ' 5.9 268 

I From crudb menhadl:D oil. 

B. SOlliE OF THE 18 AHD 20 CARBON AmDS 

(W.H.B.) 

Separation of the UT'-Saturateri Acids -With 18 Car­
bon Atoms. Distillation of the methyl esters obtained 
from 2 kg. of unsaturated acids (lead soa,p soluble in" 
ethanol) yielded 220 g. of material boiling at 160-165 0 

C. at 2 mm. The saponification equivalent wa~ 294. 
R-edistillation of some of the intermediate fractions 
ga ve a fmther 206 g. yield having a saponification 
equivalent of 293 and an iodine number of 123. 
Methyl oleate requires a saponification equivalent of 
296 and an iodine number of 86.0; methyl linoleate 
requires a saponification equivalent of 2fJ4 and an 
iodine number of 173. "J 

Octadecenoic Acids. A 200 g. sample of methyl 
esters (sap. cquiv. 293 and I.V. 123) was dissolved 
in 2 liters of aeetone. The mixture was cooled by 
adding solid carbon dioxide until an excess was pres­
ent. A filter stick was used with vacuum to remove 
1 1. (iter), of filtrate that contained 36.0 g. of esters 
having an iodine TlUmb,)r of 18I. 

Acetone (500 ml.) ,vas added to the residue that 
was cooled and filtered as before. From this filtrate 
there was obtaincd 31.0 g. of esters haying an .ocl' ne 
number of 166. 

The process was repeated by adding ~)OO ml. of 
.acetone to the residue and by cooling and filtering 
as before. Thc filtrate yielded 19.4 g. of c8ten hav'ng 
an iodine number of U)~. l"rom thc preehHflt;; ';<i'ill' 

obtained 112.4 'g. baving an iodine numher of il9.5. 
Methyl oleate requires an iodine numbe, of 86.0. 
. The acid was liberfited by saponific!l.tiorl from Ute 

ester of iodine number 89.5 and used for thi' prep­
aration of p-pheuylphenacyl ester by the method of 
DTake and Bronitsky (7). The compound isolated 
melted at 58-59° C.; authentic p-penylphenacyl oleate 
melted at 61 ° C. A mixture of the two sub5tances 
melted at 60-61 0 C. 

.A 50 g. sample of esters (iodine value 89.5) wl\S 
saponified and the acids were hydroxylated with < lki]. 
line' permanganll.te by the method of Lapworth f,d 
Mottram (12). After extraction with petroleum 
ether, the produet was fraetionated from 95 percent 

ethanol. The less soluble fraction consisted of 32 g, 
of crystals melting at 128.5° C. An authentic speci­
men of 9, 10-dihydroxystearic acid melted at l:n° C. 
A mixture of the two melted at 130.50 C. 

Analysis-Calculated for C,.B.RQ.; Sap. eq ui v., 
316. 

Found: Sap. equiv., 316. 

The more soluble fraction weighing 2.8 g. melted 
at 115-116° C. 

Analysis-Calclllate'd for C"H"oOt: Sap. equiv., 
316. 

Found; Sap. equiv., 316. 

Periodate Cleavage 'of the High.er Melt1>ng Sub­
stance. Using a combination of methods suggested by 
King (11) and Hsing and Chang (10) the acid (m.p. 
] 28.5) was split. and the fragmen ts identified as semi­
carbazones. Potassium pel'iodate (1 g.) in :10 ml. of 
normal sulfuric ilcid at 20" C. was added to a solution 
of 1 g. of t.he dih~'drox}'stcaJ'ic acid in 65 ml. of 95 
percent ethanol at 40° C. After standin(! 15 minutE'S, 
tbe mixture was cooled to 150 C., diluted with water 
to dissolve precipitated salts and extracted with ether. 
The etbnr was rcmo'.'ed under reduced pressnre and 
0.7 g. semi-~~arba7.ide hydrochloridc and 1.5 g. sodium 
acetate in aqueO\lS alcohol were added. The precipi­
tated semi·carba7.ones 'were filtercd and extracted with 
1 percent sodium hydroxide. 

The alkaline filtrate was acidified with 2 percent 
hydl'Ochlorie acid and the preeipitilte (0.45 g.) when 
crystallized from aqneous alcohol melted at 160 0 C. 
Scanlon and S-..,vern (14) reported a melting point of 
161-2" C. for azelaic acid half· aldehyde scmiearbazone. 

Analysis-Calculated for C,oH,.O.N,: C, 52.4%; 
H.	 8.3%. 

F'otmd: C. 52.8'7'0; II, 8.2%. 

The alkali insoluble portion weighing 0.25 g. was 
crystallized from aquP()i18 akoho1. The melting TlI)int 
and mixed melting point with authentie non ana1 _~cmi­
carbazone was 99° C. 

Analysis- Cajcula~(\( for 0,)1'1 ON3: C,60..'3 '70 ; 
, II, 10.6%. 

Found: C, 603%; n, 10.9%. 

P-cI";od(~te ClcGvafjc of thc Lowo' Melting S1lbstnnce. 
Ow'> g. of aeid (m,p. 115-116° C.) was oxidized with 
potassium pcriodate ill the same mflllner as described 
above. The semieurha7.ones were prepared and scp­
al'l1t,!d on the 1,a;::i8 of fheir solubility in alkali. 

The alkali soluhle portion. after aeidification. was 
fractionated from aqueous alcohol. A portion weigh­
ing 0.15 g. melted at 155° C. Mixed m.p. with the semi­
earbazoM of azelaic acid haif-aldehyde was 141}0 O. 

Analysis---Calculated for C"H7,30,N.; C, 5{i.0%; 
H, 8.95%. 

Ponnd: C, 55.6%; H, 9.17'7'0. 

The mother liqnors yielded 0.15- g. of material, m.p. 
149 0 C. 

Analysis--Calcnlated for C'oH'oO,N,: C, 52.4%; 
H,8.3%. 

Found: C, 53.9i~; H,. 8.4%. 



The alkali insoluble portion on fraetionation from 
aqueous ethanol yielded 0.10 g. m.p. and mixed m.p. 
with authentic nonanal scmicurhazone, 99 0 C. 

Analvsi;;·---Calculated for C,oH2,ON,: C, 60.3%; 
•	 H,10.6%. 

Found: C, 59.9% ; H, 10.4%. 

From the mother liquors were obtained 0.05 g., m.p. 
83 0 C. 

Annlysis-Calrllfatedfor CoU,.ON.: C, 58.4'10; II, 
JO.3%. 

Found: C, 58.6%; H, 10.1 %. 

The m.p. recorded for octanal :;emicarbazone is 
98° C. 

Octadecatetrenoic A.cid. The esters (iodine number 
181) obtained in the first filtrate from the acetone 
crystallization of the 18 carbon acid esters were sa­
ponified and the liberated acids brominated. The 
esters (35.0 g.) were saponified by means of a hot 
solution containing 9 g. of potassium hydroxide in 7 
m!. of water and 30 m!. of alcohol. After complete 
saponification the mixture was acidified, cooled, and 
the acids cxtl'acted with ether. 'l'he ether solution 
was washed three times with distilled w.ater, the vol­
ume was brought to fiOO ml. by the addition of ether 
and dried over anhydrolls sodium sulfate. This solu· 
tion was passed through a column (abollt 75 x 25 
mm.) of activated alumina (Grade A, mesh 80 to 
200 from the Aluminum Ore Company of America) 
to remove eolored materiaL 

'rbc ether solution tllHt had passed tbrongh the 
alumina was cooled to _50 C. in a 3-necked fl.ask 
and sllrrounded by chopped icc. Bromine was added 
fhopwise with mechanical :;tirring. Stjrring was con­
tinne(l foJ' an hour aftm' an excess 01 hromirre was 
indicated by the color of I'll' solution. Amylene added 
to the mixtnre reacted with the excess bromine. The 
precipit ate was filtered ;md carefully washed 4 times 
with ether. ;:-;0 solvent was fonnd suitable for the 
reCl'YstallizntilJrr of this material. 'fhe vield w'ts 1.0 
g., m.p. 2.10° C. . 

Analysis--Calcnlated for C'BHz,02Br~: Rr, 69.8'10. 
Found: 131',69.6% 

A second crop of 1.0 g. was ohtained from the ethe­
real mot.her liquors by evaporating to a small volume 
and adding pet.roleum etbcr. 

Separation of the [lnsahf.ra.fed Acids w1'th 20 Car­
bon Atoms, The same distillation which provided the 
18 carbon fraction yielded 290 g. of esters boiling 
175-180~ C. at 2 mm. baving saponification equiva­
lent of 317 and an iodine value of 228. 'l'he methyl 
ester of a 20 carbon acid with 3 double bonds requires 
.a saponification equivalent of 320 and an iodine value 
of 235. 

E1:cuseno,:c A..cid. A 75 g. sample of the mixed esters 
of 20 carbon aeids dissolved in 750 ml. of acetone was 
cooled by adding solid carbon dioxide in excess and 
was allowed to stand for 1 hour. The dried precipi­
tat (liquid at room temperature) weighed 28.9 g. 
and had an iodine number of 136.7, The acidR liber­
ated by saponification of 26.5 g. of estet'll, were con­
vetted to their lithium salts and crystaJlized twice 
from 80 percent aqueous ethanol. The liberated fl'Cid 

(4.5 g.) had an iodine number of 87.4 (theoretical for 
eicosenoic acid is 81.9. 

A sample (4.3 g.) of the eicoselloic acid was con­
verted to dihydroxyeicosanoie acid by alkaline per­
manganate according to the method of Lapworth and 
Mottram (12). The crude product after extraction 
with petroleum ether (3.9 g.) was crystallized from 
95 percent ethanol m.p. 115.5-116° C. 

Analysis-Calculated for C2oH.oO.: Sap. equiv., 
344. 

Pound: Sap. equiv., 341. 

Periodate Cleavage of the DihydToxyeicosanoic 
Acid. A 0.5 g. sample of the dihydroxyeicosanoic 
acid was oxidized with potassium periodate using 
half the quantitics used before. The semical'bazones 
were prepared and separated with alkali. 

The alkaline extract, after acidification and wash­
ing, was crystallized 3 times from aqueous ethanol. 
The crystals (75 mg.) melted at 156 0 C. and showed 
no depression of the melting point when mixed with 
the similar semicarbazone from the lower melting 
dihydroxystearic acid. 

Analysis-Calculated for C'2I-1230,N3: C, 56.0%; 
H, 8.955"0. 

Found: C, 55.75"0; II, 8.91%. 

The alkali insoluble semicarbazone was washed with 
water and crystallized ir_om aqueous ethanol. Tbe 
crystah; weighed 0.12 g., m.p. and mixcd m.p. with 
authentic nonanal semicarbazone 99 0 C. 

Analysis-Calculated for C,oH 210N3: C, 60.3'10; 
H,10.6%. 

Found: C, 59.7%; II, 10.5%. 

Eicosapenten01:c Acid. The 20 carbon acids from 
13.4 g. of mixed esters were brominated in ether. The 
ether insoluble portion was extracted with 30 mJ. 
quantitics of' bot solvent, fil'St with toluene, then four 
times with benzene. The resulting tan powdcr, m.p. 
258-265 0 C., after darkening at 230 0 0., weighed 
1.42 g. 

Analysis--Caiculated for C2oH"o02BrlO: Br, 72.6'10. 
Found: Br, 71.070. 

The mother liquors after concentration and addition 
of petroleum ether yielded crystals which were crys­
tallized from ether-petroleum ethe;- mixtures. This 
substance weighed 0.43 g., m.p. ISO-155°C. 

Analysis-Calculated for C 2o11 3oO"Br,o: Br, 72.6'10. 
Found: Dr, 71.0%. 

Discussion 

'{'he saturated glycerides recrystallized from ace­
tone yielded myristic acid, palmitic acid, stcaric acid, 
and one' with higher molecular weight. While palmitie 
acid was present in the greatest quantity, the propor­
tion was not large enough to indicate the existence of 
tripalmitin. 

Cooling menhaclen oil in acetone (10 mL of acetone 
per g. of oil) to ·__15° C. precipitated 12.4 percent of 
the oit having an iodine number of 92:9. The filtrate 
from the above when further cooled to _600 C. with 
carbon dioxide ice precipitated 75.0 percent of the 
glycerides with an iodine number of 179.0. The fil­



trate still contained 12.6 pel'cent of the glycerides 
and these had an iodine number of 264.2. The iodine 
numbers of these fractions snggest possible uses to 
which they might be put. 

An attempt was made, by reducing the volume of 
acetone used a.nd by using a higbcr temperature, to 
concentrate the highly uIlsaturated glycerides in the 
filtrate. At _15 0 C., using 2.5' ml. of acetone per g. 
of oil, the filtrate contained over 76 percent of the 
oil and tbis had lin iodine number of 198. 

The separation of unsaturated fatty acids in pure 
form is a long proccss. The dihydroxy derivatives 
prepared frorn mono· olefinic acids are crystalline and 
after purification can be split either by lead tetra­
acetate or periodic acid into aldehydes that locate the 
original position of the double bond. By this pro· 
cedure, 'it has been demonstrated that the 18 carbon 
acids that represent 25 to 31 percent (2) of the total 
fatty acids are mostly 6. 9, 10-octadecenoic acid. 

I<'ractional crystallization of the mixed dihydroxy 
derivatives produced a mixture melting at 115.5­
116° C Perioclate oxidation of this mixture gave 
semirarh::tzCl cs indicating the following fragments: 

1. CH.(CH.),CH = 
2. A mixture similar to 1 but with fewer carbons 
3. = CH(CH,)"COOH 
4. A mixture similar to 3 but with fewer carbons. 

It appears likely that the mixtnre contains both 6. 
9, 10, and 6. 11, 12-octadecenoic acids. The 6. 11, 12­
octadecenoic acid (vaecenic acid) has been reported 
by Bertram in beef and butter fats and by Armstrong 
and IIilditch (l) in whale oil. 

Hromination of thc 18 carbon acids hus vielded 
solid derivatives with R HI' only. A simila~' octa­
decatetrenoic acid has been isolated from Japanese 
sardine oiL Toyama and Tsnchiya flG) obtain"d an 
octahromostearie aciu that melted at 220 0 C. Brown 
and Beal (17) also reported the isolation of thc ester 
of octadecatctrcnoic acid from menhaden oil. 

The mE'thvl esters of the 18 carbon acids that were 
obtained bv-haetional distillation had an iodine num­
Ler of 12~). It can be ea1l'.ulated from theoretical 
iodinc numbers that this fraction is composed of 86 
percent octadecenoic m:d 11 percent oetadecatetrenoic 
acids. 

The dihydl'oxyeicosanoie acid melted at 115.5-1160 

C. but wns probably not homogeneous. Green, Hil· 
ditch and Stainsby (8) obtained an 11, J2-dihydroxy­
eicosanoic acid from II seed wax that melteel at 130.50 

C. The product obtained here was shown to be mainly 
11, 12-dihydroxyeie.osanoic acid by periodatc cleavage 
to the following two fl'8.gments: 

1. CH,(CHJ,CH = 

2. = elI (CH,)/X,1OH. 

The isolatiun of deca brOllloeicosanoic acids as the 
only ;;olid bromo derivati,'cs indicates the presence of 

at least one 20 carbon acid with 5 double bonds. It 
does not rule out the possibility of other acids in small 
amounts. Toyama and Tsuchiya (16) have reported 
a decabromoeicosanoic acid from sardine oil melting 
around 2400 C. 

The mixed 20 carbon acid esters obtained from the 
distillation had an iodine number of 228. Calculations 
based on theoretical iodine numbers show that this 
fraction contains 54 percent eiscosenoic and 46 per­
cent eicosapentenoic acids. 

Summary 

A saturated glyceride from crude menhaden oil 
contained myristic, palmitic, stearic, and a small quau­
tity of higher molecular weight acids. 

The glycerides of destearinated menhaden oil have 
been fractionated by crystallization from aeetone at 
low temperatures. 

Distillation of methyl esters has given in the dis­
tillate 6. 9, 10 and 6, 11, 12-octadecenoic acids, an 
octadecatetrenoic acid, 6, 11, 12-eicosenoic acid, and 
an eicosapentcnoic acid. 
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