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The fatty acid composition of fet extracted from commsreiel
and spoiled menhaden meal by & solvent mixture coateining bensol 50;
zoetone 253 snd methanol Z5 percent by volume, was determined by the
methyl sster fractionation provedure. Saturated and unseturated fatiy
acids have been reported in memhaden oll ranging from E14 to cge.
Commerelal mesl fat, howevar, contsined some 612 seid and 0.01 percent
by welght of a 610 acid and soms GZG’ 632. ﬁg‘ saturated acids were
found in the spoilsd meal fat. The hypothesis is sdvesced that the
variations in the smounte of the separate acids of an homclogous series
is csused by the hydrolytie and symthetic astion of miero-organisms
and the chemieal oxidatien produced by the savirommental conditions
on the high molecular welzht polyethenoid comgounds. The desrosse in
1odine number end simultanecus increase in the peroxide number indiested
that the unsaturasted components were partislly converted into percxides.
is the concentration of peroxides decreased the smount of aldehydes
inoreased. deroleln end vealeraldehyde were found to be present as
oxidation products,

twceleraticn of the oxidation rete Ly meens of the relatively
high temper=tures during the proceesing of %the meel end oxidation durlng

storage promotes polymerizaticn of the unestursted scids. Approximeately
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been Used Lo & large extent since the liorld ¥er as s protein supplexent in
animal rationa, Zoxic symptoms tist imve develeped in the snlzal after
feeding & diet containing ish meal have been equivocally attributed by
seny to the oxidised fat in the meal,

Hith the remlisation that the oxidetiom of fish oils had not
only great chemical but also nutritional significence the U, &, Fish and
#ildlife Service, Pivision of Fishery Industries imaugurated sn exteasive
program of resesrch relating to oxidetion ar rancidity of certain moarine
oils, The work presented in this thesis represents a portion of the data
scoumalated in commeetion with thig proviles,



TEBURETICAL DISCUSSION

In consideration of the meterisl]l awilable at prsgent the term
rancidity carmot be explained by & single definition but has besn classie
fied by 3ull (18) ss being of three general types,

1. Oxidative rancidlity wherein fats or oils are oxidised by

oxyzen of the air,

2, Hydrolytie rancidity wherein fat or odl is »oirolvzed o
produce a sertein amowmnt of froe fatty aecld, This has
been used »s & eriterion for judring the sitate of
oxidetion of an oill or fat,

8. Eetonmle rencidity whish is caused dy the oxidizing sction
of mierocorzenisms,

The tera reneidity to desoride simple hydrolytie decumpusition
of the giycerides is restricted to dairy produets, whieh take on objeotlon=
able odors and flavor whes low molecular weight fatty aelids sveh as butyrie
are liberated from the butter fat, The sction of ensymces such &s lipase,
micro organisxe, moisture and heat accelerats the hydreslytic proowmss,

Eetonie rancidity howevsr {8 brought sbout by the action of

fungi such as Asperpillus niger and Pemieilllvm rlavoum on certain types
of fat, Bull (15) eontends that water and a nitrogem containing sube
stance must be presmmt for ketone formation to take pliace, The charactere
istie odors produced in the reancidificetion of different food fats has
boen attributed to varisus methyl ketones, Haller and Lassieur (34)
identified in & strongly sselling oil recovered during the deodoprization
of crude cososnut oll with stean, methyl heptyl and methyl nonyl ketones
together with amall quantities of methyl undeeyl ketone, Nolds produce

ketanses from scids of medium molecular weight and fuil %o do s from



either the lowest or the hizher momders of the serlies, Sinoe the ketones
are not produced by the astion of microworganisms on acide of higher
molecular welipght than myristic, andé omly in traces under favorable conditions
from this acid, the majarity of the common fats which have no sppreciable
guantity of acids lower than myristie do not develop ketone rancidity,

Although this partioular problem is meinly concerned with the
type of rancidity produced by atmospherie oxidatiom snd esch type of
rancidity bas beon treated separately it should be remexbered that o
raneid ocondition in & et may sometines result from the joint operation
of two or more of these sauses previocusly dissussed,

The oxidation prosess ia deterioration of fats is concermed
with the oxidation of the unsaturated components. Oxidiszed fat scquires
an unpleasant odor and flavor as & result of the end products that are
formed, These objecticoable odors in fats have been designated as
“fighiness” or "tallowness” in such food products as butter, eresm and
dried milk, %The fishy flaver in thess substances haz been atirivuted to
trimethylamine produced from lecithin (56}, Lescithin iz present in milk
and butter st a level of 0,08 to 0,12 percent and 0,01 to 0,17 percent
respectively, $Sinoe trimsthylemive eould herdly be formed from the leeithin
by hydrelveale, 1t is more lopienl o suppose that it ie formed by the
action of exidizing agemts on the cholinme fragment of lecithin, Len (40)
salntalng thet thors Is a rupbure of & (=N linkace in choline,
(cBpOHCHgN(CHy)50B) . Imvies (22) showed that trimothylamine was formed
by the action of hydrogen peroxide o both choline and lecithin 4= the
sresence of a ferrous salt,

Pate and olls az they ocowr in the tigsue ars usually acoompanied
by pirmenta, often carotencid in nature, which sre destroyed as oxidution
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isolated Ires such groducsis always contalns & greater awount of sitrogen
thoan ak oil freshly expressed, Uavies and Gill (23] hevs siown Ghat the
solor of the sairacied oll from fish {lesh as »sll i liver oil incremsed
in intessity of color and rendid tlavor se biaw swount of é:i*wagm bound
pregressively Anereased, They rave also snssu toat the dars brown solored
athor extract [frow & loe grade of fisu moeanl conbuined G,878 percent of
albroges whieh is probably in excess of the amvaat ¢f wltrogsn contriduted
by the phospholipié fractiom, Ixperimentally these wuriers slsc showed
that atmospheric oxidation of unasiwrated fats ia the preceuce of nitrogencus
savstances sueh as caseln, lseithin or tho oxide of wiamsthylamine Wrought
about 4 combdination of nltrogen with the fat end grogressive darzsning,
Partieularly worthy of note ia this conneciion is the phcacaencn of
"rusting”s Hdusting has been observed at ordimary t emperatwres is dried o
sulted fish or after ecold sterage in oily fish such as herring, salmon or
mackerel which contain lurge smcunts of unssturated futiy aecids in the
oile ihe il Lensath the skin becomes gumay wad dark colored and acquires
a reacid flavor wmhesn ooaked, iPuteh chesiasts have estabiished the faet by
thelir experivents that rusting is an oaidative procsss, sedlord (8) hes
sugzested that the cause of rusting wes the action of & volatlle base
produced by buoterial eusysos on the (preaussbly oxidised) eile Srockelsby
wod lomsbeds (13) desenstrated thas oxldisesd vils reevvered {ras rusted
fish by extraction with solvent always coutained ajpreciable quautities of
Tsambined” nltropen., susonias asd trisethylasiae nave bean identilied as
dscomposition prodjucts in fish muwecle (l)e It nas Lesa well sstublished
thet thesc sanpounds chuse & Garkening in oxlcized oils,

samcidity of sdible fats is of trawendsus iluportencs in connsotion

with the passible reletionship to nubtritive wlue, Prom the research data



gothered thus far there appeera to be considersble disagressent regard.
ing the toxieity of olls that have been oxidized, Oue important factor
that perhaps has been overlosked in the interpretatioms of the resulis
is that the oxidised oils are sssociated with other food essentials whiech
may leo have undergone desomposition, Some of these decamposition pro-
ductz are soluble in the oll and are sxtracted as such with the oil,
Hyédrolytic ehanges have ccourred in the fat and in the proteim and it

is wvery difficult to establish whether sny deleterious effects oan be
attributed to say of these end produets,

Eigh free fatty sold econtent is commonly ssscclisted with yraneid
olls, In past years and even surviving to the present day there 4s a
feeling that these free fatty acids which are formed tlwough hydrolysis
af the fat have a deleterious effect whan fed,

The resuits of reoent feeding stwlles tend to indicate rather
definitely that the free fatty esid content of edible olils and food
products is of little signifiosnce, Hrapion et al {11) have reported
that no toxie symptoms developed in poultey shan fed the free fatty noid
and nitrogen compounds feund im e¢od liver oil, Thers has besu a tendeney
to owndemn olils of high fres fatty acid content for pouliry Teeding
purposes bocause of elinicel cbservations that feeding cod liver oil with
a free fatty scid content greater than ome peroent caused nausea in
Anfante, Purr (18) has reviessd the work of seoveral investipstors and
bus eoneluded that omly when pure fatty scids are fed in exesseive smounts
are toxie effects svident, Unly the toxie setion of butyric and lsurie
acide have boen investigated,

¥hipple (70) reperts that the presence of oxidised oils dee

croises the nutritive value of the origims] fresh material and is
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PEIHODS ARD AFPARATUS
Chamioal Hethods

lodine Iﬁma The iodine mumbers were determined by the
Hanus Hethod (4), &Sinece determinstions were conducted over am extended
period this mothod was used in preference to the offielal Wijs method (4)
to elimioste the use of an uastable iodine solution, Duplicate determie
nations ususlly chesked within 0.8 to 0.4 pereest and sanlyeses from day
to day did not very mach over 0,6 pereent,

Saponification Bumberseeiiosn Kelecular Beiphts, The saponiw

ficetion numbors were determined om a sanple of 50 to 100 mge, using
esseniially a semie-nioro procedure, The sanple wes refluxed for one-
half hour with U.1E sodium propoxide mmde by dissolving sodium in ne
propanol and sdding 1 percent of water, The axewss of alkall was
titrated with 0,1 ¥ HgS0; in a miere bursite using phemolphthmlein as
indiontor, Duplicate determinations usually agreed within one unit er
lens on the methyl esters of the fatty scids, For determimation of the
eaponification numbers in the study of oxidative rancidity the of fieirl
method of the 4,0,4,0, {4) was esployed,

Peroxide Numbers, 4 medification of the Wheoler method (68)

was uged for the determisation of the peroxide mwbers, Tafel and Revis
{62) found that the greater the degres of rancidity, the greater the
diffioulty %o make all of the peroxide formed in oxidatiom of the ol
resot with the iodide, Several modifications were made on the basis of
Loa (41) and Stensby's (58) modified provedurs of Fheeler's method, All
reagents are saturated with an inert ges such as nitrogen or carbom
dioxide, The method is essentially as followes 3 to 10 gma, of oil sre
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dicarboxyliec acids, scrolein, epihydrin sldehyde (responsible for the
kreis test) glyoeric aldehyde and most aldehydes in the series fram formie
to pelargonie (51),

The method used {or differ:atistion of formed aldehydes wews
thivt proposed and used by Taufel and Klentsch (84), The spparatus consists
of & 300 ml, Erlemmeysr flask, a 20 om, condenser, & 10 nl, measuring
eylinder and a graduated eylindricul separatory fuannel of about 50 ml,
volume, Approxisetely 3 gms, of the fat to be tested are placed in the
irienmeyer flask axd 20 ml, of saturated HaCl solution are added, Thia
vixture is distilled and i0 ml, of the distillate is collected in a
measuring eylinder, One ml, of the distillate is removed and placed im
a test tube with 1 ml, of fuchsin sulphurous scid and tramsferred to a
emall shaking funnsl, Adout 2 ml, of chlorofomm are sdded and the
wixture slmken vigorously watil the condensation product is distriduted
uniformly in an emnlsion between the agueous sad chloroform phase,

The color of the shloroform solutiasn is recorded and compared
with the ecolors obtained from solutions of known aldebydes, Taufel and
Klentsch ave tabulated & complets series of aldehydes with the carres-
ponding colors of the condensation products in the chloroform solution snd
their soclubilitiess if not soluble, mo color wea listed, Two modifications
were developeds (1) Instesd of distilling the aldehydes directly, an
suxiliary [lesk was wsed contmining water for the steam distillstion of
the volatile sldehydes snd (2) the velatile products were collected in a
measuring eylindor whieh was kept in an iece and salt mixture te prevent
thelr escape.

For further idemtification of formed aldehydes, & sonsitive

aldehyde reagent suck as dimethyldihydroresorsinel (68) was used, Thia
recgent has been used sucesssfully in tihre identificeation of szall traces
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af aligrydes such vz forcaldehvde frox plaat tiseues Ly pragsy lsolation
of & derivative of the aldebyde with theo reagom?,

Lipotd Acalywis, Heerly all methods for deterninming the

comporition of lipids gquantitetively are btased upon thelr solubilitles

in certsin solvente or solubilities of treir fetty aelds alter sapomifie
esticn, The objeet fg to mske the Jotérairstion with asz 11ttle alteration
of lipié¢ material as poseible, The gleor (8) mcthofd of smulysis wes used
in determining the percentaze composition of the 4ifferent {ractions
preeent in cowereial menhaden meal fot, Ageording to Jleor's method,

the percentare of fractions as well as ths lodine nmumbars of ile respective
fractions can be determined, Cophalin and lexithin are separsi od from
one azother spd these together form the phosphulipié frection, The
ealeulation of the percentare of conmstitutive fraction present can be
made on the basis of the orizinal meterial or ths total sxtract of
lipoidal material,

Esterification Method, To prepare the methyl esters, dry HC1

ras wag bohhled ¢hrousk & solution of the fatty 2olde in ebselute methanol
for a period of 6 to 8 houre, ¥Water waz then added and the csters were
extrasted with diethyl ether, The a%;w“‘ laver was washed free from
minoral sold with water and then finally washed with a I sorcent solution
of !&aaﬂag in order to rescve the small amouvats of frae sclds which were
not esterified,

The dry HCl ges waa preparaed by two metrods, In tho first
method the pas wes penerated by the nctlon of H,80, an Beli, .y the
second method the gaz was liborated by the sddition of 80, “rop by
drop to a definite volume of HCl aeid, The gas evolved was dricd by

passare Lorouagh oong, ﬁg&%.
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Fracticnsl Distillistion, The methyl esters of the saturated and

umeaturated Mttty acids were distilled under vacuum of 0.4 to 1.0 mm,
through an elestrically heated column (see Pig. 1). Fraotions were col-
lected in 50 ml, flasks during a definite temperature reage of about 10°
€, 4lmost megligidle smounts of distillate were collected when there was
& shars elevstion ia temperature, The sverage residus left in the eolum
wes approximetely 4 to 5 gms, The last fractiem whioh comstituted column
and flask residus was saved for smalysis, Analyses were conduoted as soon
as possible after wnm&i&.

Mlorosgepical Anslysis, Recently Greene (31) pointed out that
vary little attention imgs been glven to the use of the microscope for the
identification of essential olls and more specifieally for the natural
fets and oils, Any method that permits the identificetion of a substanee
by eme or two reactions utilising a drop or so of resgent and the sample
will show an appreoiable saving in time and smaterial over the conventional
meoro methods by which physieal and chemiesal claracteristics are determined,

Nehlenbacher (43) studied the mixed fabty aclds prepared from
dosestico and oriental cottonseed oils, Ee found that there wag no appreoci.
able difforence between these two kinds of cottonssed oil by exmmining
their crystalline fatty scids under the aicroscope using & dark field,
liowever dafinite ocrystnl formation did distinguish cottonseed oil from
sardine, whale and elive oil, This method was used in attespting to
differentiate betwean the crystalline reaction product of oxidised and
wmoxidized wenhaden meal oil, The vhotomlcorographs of menhaden oil should
also serve to identify this fish oil from any other type of similar merine
oils, In addition the microscopie mesthod of analysis is & convenient
procedurs for the identification of sdulterants in fish olls, Cod liver
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Prarreeolorical Kethods

Fat ibgorption, The provedure which wus used to deteramdne

the amount of fat absorbed from the intestinal trast ie essentially
the samo &s that recommended by Deuel (24), The ratse were fed s fat
froe diet for § to 4 days before the test and were fasted about 12
hoars direotly pricr to the test, Deusl considers feeding the fat fres
diet s unnecessary unless & prior fast of 24 to 48 hours is emitted,
4 oombination of feeding & st free diet and fast reduces the lipid
seoretions of the gastro~ intestinal tract to & minimum,

The fat is fed to the unaegthetized animul by s stomach tudbe,
At sppropriate intervals, sueh 83 4, 6 and 3 hours the intact gastroe
intestinal tract is removed from esophagus to restus, The contents of
the tract sre rezoved by foreing through the ifatestinal traect several
50 ml, portions of water (70% ¢) sand two 20 ml, portions of solveat
nixture, The solvent mixture whiech consists of 50 percent bensene,
25 percent mothyl aleohol and 285 percent acetone was used beecause the fat
wag extracted from the fish meal with the same mixture, During the
process of washing out the intestinal tract the stomach and caccum are
continuously massaged to remove any solid meterial, After scidifieation
of the intestinal contents with 1K hydrochlorie aeld;, the fat solvent
layer is siphoned off, lore solvent is added and the mixture ie finally
cantrifuged to sgive complote geparation, 7The fat is weighed aftor re~
moval of solvent and the peresntege of fat absorbed is calculsted frem
the formulsie 100= 100(weight of oil fed divided into the welght of
oil recovered minus the average weipht of oll found in the inteastinsl
tract of control rats). Dukes (26) feols that better results esn be

obteined by the sdeinistration of the material on & welight or swiace



24

arca basis rather then by giving & fized dose to auimmls of wrying size,
freuel (24) sugz-sts that the intestines by flushed with 70 ml, of diethyl
sther when the anlmal has boon fod a smthetie fat of & specific zravity
groator timn 1, ¥o wvater is used, The disthyl sther extract is dried
with auhydrous Nagf0g after whleh it is filtered into tared flsaks, The
solvent is ramoved and the peromnt fat absorbed is caleulated as bvefare,

Toxieity 3Jtudiea, To detormine any toxiec effscts of the fat, &

dist was fed to rats which eontalined 16 psrosat fat, a level which was
choasn on the basis of the results of & prelininary o xperizent, Diets
ssntaining higher levels werse not sonsumed in adeguate amcunts, Udroups
of at least six animels were feod thelr respective diets for at least e
poricd of six weske,

The group of rets fed the basal diet plur lard served ss o
control, All devistions from the growlth response of this comtrel were

asuriboed to the fat studied,
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sxtraction apparatus, Tho rominste analyses oF two types of meal are

presected in Table I,

TaBLE 1

The fgh, Helstwrse and Hitropen Content of Commercial
asd Spolled Sanplas of Heshaden Lesl

Iype of deal , Pereeut by “eight ;
- — Total Ash  Bolsture Frotein LB X Ge20)
Commercial menhaden 17,52 9,20 59 .37
17,80 7,80 80,38
apollied memhaden 20,62 7.70 68,02
20,68 Te72 4461

In Table 11 date are presested which show the percentige of
other extract after spoilage trestmentss cosmpared with the percemtugze of

extract from a sample of commersial meuhnden meal,

THELE 13

Fercent of Material Extruoted with Dletlyl Hthrer

Typo of Vesl Zxtract Feroent hvorage Peroent
Comrerclsl wenhaden il,.42 1l .58
11,71
Spuiled menhaden S.861 $486
439

The peresntaze of ether soluble nattr decrossed approcimately
52 percent, It ssamed ¢lear fhet al%iouh disthyl athar z:pesrsd satige
fuotory for use in ths cage of raletively fresh =zsals it wus unsultable
far seals is which decomposition had occeurred, and that, & more generally
efficient solvent should be selectad,

In addition to the regpuirmment for selectlion of 2 gulvent which

would efficiently extract the fat from decompomed as well as frash meals,
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a further oomsideration in the study of extrsction procedures was the
possibility of redueing the ochances of induoing ochemical changes during
the sanipulations, This was a point of particular significanem in those
casos where estizations of the state of oxidation were to be made, It
appeared that au extraction at s low temperature which eould be carrisd
out in such manner as to reduwoe contact with the air, saud which further
could be uged with zamples ocontaining grester gusntities of medsture
would B zreferatle to the usual prossdures in shich hot extractions om
tharoughly dried samples were speaified,

An & congequence of such cobaiderations the next experiment
was carried out having the following three objectivea: (1) 4 comperisan
was sade of the sfficlency of a wariety of solventa which were exployed
in removing the fat from an ordisary cammuereial grade menhaden mesl,
{2.) 4 determination was made to swe if & simple extraction procedure
earried out at refrigeretor twmperature could be used, and (3.) 1t was
decided to determime the practical walue of utilizing for the extraction
& mixture of the undried meal and s debydrating sagent rather than
thoroughly dried meal,

Iz the third series, Erlemmeyer flazks wers charged with a
mixture of 40 gas, of mesl and 10 gms, of anhydrous sodiwm sulphate,

To & flagk was then sdded one of the test solvents iz amowmt equal to
twice the wlume of the mixture of sodium sulphate and meal, The

flngks were stoppered, sheken and allowed to stend in the refrigerstor
{10° C.) for 24 hours, The solvent was thes poured off, fresh solwent
wes added and the prooess wes repsated wntil the solvent showed no color,
At this point extraction was conslidered somplete, The weights of the
respective esxtrects were detormined afier removing the solvents and dry-
ing to constent weight with the aid of heat, The percentaze of fatty



matorial obtained with the warisus aclivents 1s shown in Table IIY,

faBlE I1X

¥he Solwemt Extractibie daterial
from Fish EKeal Extracted in the Cold

Golvent Tehydrating Agent W@ﬁiu
ALar
BtP - “.6 11,43
Ethyl alechol 1&&50 10,81
BoPouT,4 4 10,61
rewrolem ether &2&6 A G.18
B P e (30+80) 4 .19
“hlovoforn &zsa 10,44
BoPomBle2 4 10,40
¢arbon disuifide &.239 . 748
BePoe~d8.3 T.585
Bennere Bap8Qy 8,01
ol guTP 6 T7.80
irichloroethylens hzsa* 8,84
3.? .—E?.ﬁ 8.58
Aaogtone Wﬁ _ ﬂ.lﬂ
; asue 850 percent ﬁuzﬁo‘k
Kethanol 25 percent ' 12,51
hcotone 26 percent 12,86
idethyl sther CaCly b4 b6
' 5480
Ethyl aleshol Ga.cl‘a 4,40
' 4,08
Bansene Call H.68
8 5,73
Agetone ﬁafﬁz 4.5%

4,47
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with other, JThese results ag prossated in Table IV, comelusively show
that there ie & consisal differsntial in solubility in different solvente,
The osidation end products heve booome ether insoluble bui soluble im
solvect nixture, The determination of erude fat by the usual msthod

using vbihwr &8 the solvend is therefors umreliable,

Thals IV

The Cercent Exiract from
Commerclial and Spoiled lenhaden el
with Plethyl ither and Lolvent Mlxturs

Type of Froduct S9lvent , sxtract
T rercent
Cosperoianl mephaden weal ther P08
Snciled menhader meal Zthey 2,21
Copmreial nenhaden meal Solvent mixture 16,35
Spoklsd memhsden meal Colvent wizturs 18,80
nther oxtrasted spoiled meal Solvent mixtwe 11,31
Solyemrt mixtuwes extrach of mspoiled meal Eehor 559

Harrison as vell ag Oehima snd Surewers (48) sleo reported a
dezredre in the sther sxiract in fish weal furine- ghtoarare, The latter
inwesti ~ators contend that thig deoresuns is due to un axlidetlicon of the
fatty 2 olds into ether inscluble oroducts and 2e & resulid Liasre is &
sizrailteneous deorense in the Jfodine and brarine welue togetisr with a
slirtt inerease in the amount of free fatty acid, The ctrer inscluble
product was found to be soluble in acebene and when hoatdd wiik 20 percent
hydrochlorie aeid the grester nart of the inscluble frantion bocame
soluble, Hydralysie with pepein did not pive the same repults,

The solvent sixtare wag used in the herelin reported experiments
for obtalining large guantities of 2t gince 1T wag degirshls to have all

extractions gualitatively and guantitetiveoly zixilar, Ths comtiruous

extraction apparatus whieh was used consisted of a 12 1, round bottom
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The previous findings prompted further work regarding the
eharacter and smount of this nitrogen containing substance in the ether
axtraoted ofl, A sample of flsk meal was extracted with dieth -l ether,
The sther solution of the extrsct was washed thoroughly with 1 N hydroe-
chlorie acid, Total solids sd total nitrogen was determined on the seid
extract. The acld washed ether sxtraot was thon washed thoroushly with
0,.1% godium hydroxide and total solide and nitrozem determined on this
alkali extracted msterial,

Rashinzs with hydroehloris acid removed soxe of the color from
the sther extraet and Kjehldahl determinations on the acld extract
revealed tiat this extreet oontained 1,75 pereent nitrogen, based en the
total ether soluble material, A gualitative test by the method deseribed
by Clarke (18) was mede and trinethylamine was identified as being
present as one of the produsts of nitrogencus dmmﬁﬁtzw. The results

of the acid and alkeli treatment of the ether extract are preseanted in

Table ¥V,
TABLE ¥
The Total Solids and Mtrogen Content
of the Apld and Alkall Extract
of the Diethyl Bther Extraet
of Commereisl Henbaden Neal
Type of Extraet Pereent by Helght
Total Solidas Hitrogen
Initial ethar extracted msterial Be58
in 800 rme, of fish meal
1 A HC1 Extract 0,80 1,75
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paroxide numbers snd fat aldehyde values were determined, The data is

presented in Table Vi,

TABLE VI

Analytiesl Values of the Fat from Fish Heal
Storsd under Solvent Mizture

mlytiaal Value Gtorape Temperatures in Tegrees €
3% e
Peroxide nunber 70 114 1.5
Iodine nunber 110 112 102
Fat Aldehyde value 11.58 11.2 -
Saponification number i%0 139 187

in consideration of the owerall effect of oxidation, t he rasulta
indieats that the oll held at the two lower temperstures underwsnt little
oxidetlive change, The decrvase in jiodine nunber and inerssss in the
saponification number at the elevated room temperature however indioste
thet the higher temperature had asccelerated the oxidation resction,

The next fuctor to be considered was an estimation of the
amount of oxidaticn thet cocurred in the constitutive fat of the meal,
in this experisment 25 lb, saxples of meal were placed in paraffin-lined
cane snd stored at teuperatures of «23% C, 25° € and 3%° €, The range
covered would include all tempersture conditions likely to be cncountared
under practioal storage comditions, Imitially end after storace periocds
of &, 8 and 12 wonths, portions of sach sample were extracted with
golvent mixture in the cold (2e desoribed previously) ard the extract

dried snd analyzed, The results are given in Table VII,



38

TABLE VII

Anslytioal Dats on the Effect of Temperature
on the Oxidation of Fat in Fish ¥esl during Storage

Avyere, o &mlgtiﬂi Values

lodine Sepounificstion Peroxide Fat Aldehyde

2 ﬁ ‘ el
Stora _G iﬁ%utwa Eumber Sunber Yunmber ue

Initial Valuwes

] izs lsz 50 0
286 128 18} 49 8
8745 128 182 51 10

Afver § Honths

g 126 185 71 15
25 126 189 €9 12
37.5 122 194 114 11

After B Xontis

B 12¢ 190 7 b 4
b 118 2311 a 37
7.8 81 220 8 &8

Afber 12 Vonthe

-Bd 118 194 1 7
25 1ig 218 #
27,5 g8 a8 ] 1z




24

N PR
= P [
f T

SAPONIFICATION  NUMBER

n
f=

.3
(=]

I0DINE  NUMBER
2
S

(s *x D
[ QO

FAT ALDEHYDE VALUE
I
f)

N
=)
-

N o
|
n

g ®

o~
& 80
2
Z.l STCRAGE TEMPERATURES
g 237 -
£ 2 e
I 37.5°C

8!

G 1 2 3 4 5 6 7 [ 9 10 1 12
MONTHS

Figurs 3

ifTest of tenperature and period of starage on the sutoxidetion of nshaden
neel fut, For following the trend of onidation the chmnges in the llated
soalytionl charssterisites wers used, Peromide mmber (ml, 0,006 ¥ thie
per gn,), lodine mwber (ges. iodine shserbed by 100 pus. Pat) saponie
ficatien mumber (mgns, KOH reguired to sapanify 1 g, 4}, fat aldehyde
wlve {soler in arbitrary units dowlepsd by 0,1 peresnt solution of fat),
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An anslysis of the data in Tedle VII indiestes that the higher
the temperature the greater the rete of the oxiiation during the storage
period, 7The fodine and sapomificetion number have bsen used as the preferable
eriteris in following the trond of oxidation, With bhighly oxidized fats
or oila, the fat aldehyde and peroxide value hiave not bemn counsidered
sulficlently relinble iadices for the sstlvation of the aswurt of oxidaw
tion, however these taluss &re useful in comparative studies alomg W th
the iodine and saponificetion nusbers, Barnicoat (7) has coneluded in a
study of inciplient oxidatiom of buttdr fat that the asccursey of the fat
nldehyde walue was not high, particularly as the presence of the yellow
color made eolorimetric sumparisons difficult, The same experimental
difficulty was observed in making colorimetric couparisona with dark fish
meal fats, This experizsntal errsr has been referred to in the discussion
of methods which includes the method for determining the fat aldehyde
valus, 4s fear as the peroxide mumber is concerned Lea (41) maintains that
this tsst can anly be used accurately in early stages of rancidity since
later the percxides are deeumpesed with formation of meid and aldehyde
fragamts,

The graphiec rapresentation in Figure 2 indieates that after
sevoral months the oxidative change is greatly acceleratsed s shoma by the
diminution in lodine whlue, sud inerease in saponiliention number for the
respective fat sanples, With the decresse in iodine mumber there is an
increase in peroxide number during the sarly part of the storuge period,
whioh indicates the initiel forustion of & peroxide compound in increasing
concentration, Ths inercease in value for the peroxide number finally
resches o maximam efbor whieh therce is & stendy deersage but with this
decrotce in peroxide nwmaber therse is & gradusl increase in the fat aldehyde

which demonstrates that the peroxide type compounds have dissappesared by a
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subseguent cleswze at the stheneld liakaze resulting in the formation
of aldenhyde fregments, The fat alcehyde wiue also increases steadily
uatil & usaximun i reached and then deorsasss as tne coneentration of
free fatiy soids prosressively inoreases, The final products in this
oxidation reastion are the peraclde which fimslly form the fatty acids,
The inerexse in amountz of free low moleoular weight fattyaclids ls showm
by the increase in sapomification nusber as represented in Figure 2, The
experimental findings herein reported comecarning the faet that the
aldehydes are unstable and are oxidized to the &cids has been corroborated
by t he work of ¥astill snd coworkers (47).

After the previous ssperiment had been started it was deoided
to determine the effeet of light and tempsrature on fat samples after they
had beer wxtracted from the fish meal, The analyses were proviously made
on the fat samples immediately after extractions from the meal, In this
experizent the extracted meal 2t was allowed to stand for one weok before
analyses were conducsted, The inolated fat wae divided into two portiomns,
One portiom was stored in the dark at & tespsrature «5% €, The second
portion wus held at laburatory tsmperature in sn opes =ontalner locuted
where it was constantly exposed to sunlipht through window glase, After
one weok the lodine numbere were determined on these fat ssaples, The

ragults are showm in Table ¥IlY,
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TABLE VIIX

The lodine Huzbers of Hxivected Pat
from Fish Hea) Stored Under Veriocus Conditions
of lighkt and Tomperature

Extracted 011 Stored at

Storags Temperature of Mesal - & :
Prior to Extrsction Initial Vnlue Ho Light Sunlight
ees Co ‘
P 5. 187 12¢ 125
25 120 117 11}
37.5 B84 81 72

Although the decretse in wluss for the leodline numbers ae
represented in Table VIII iz not as great as the overall decresse as
shown by the deta in Tabls VII, on o comparative basis however the
oxidation of the isolated fat cceurs in & relatively shorter tize than
when the fat is in tho meal, This exporimental finding corresponds to
exporizentsal data (unpublished) and observations of other workers in
this lsboratory, 7The resssa for this decroasged protection of extracted
fats to oxidation is not resdily explained other them that there iz a
roduction in surface sxposed 45 the aimospheric oxygen whea the fat is
in the mesl, Furthermore thers may be soms natural type of chemisal
cambination between the fat and protein compements in the meal whieh
may inhibit rapid oxidation,

3, Ainslytical Vifferemtiation of Formed ildehydes, In the

preceding experiments it wis demosstrated that aldehydes are inmportant
intermedinte produsts in the oxddation renction of futs and oils,

Taufsl sod Klentsch (64) developed a speeial qualitative analytieal
procedure for the identification of these aldshydes from oxidised or
rancid fets, according to this method the fat is bofled with & solution

of sodiwm chlorilds aud the wvolutile aldehydes tlrat ars collected in the



*{99) vaeq8p 37 puws DO OTeTe Aq UAPUS OFTR 3T ‘WOTIWPINC WO AGET
page.manetm 119 Aq weal? Suisq o7 UORIIPD® WY ‘U (3000d SPesy sayyisod
v ouws Suw uy *oxajafs puoq orqnop pejsinlurd WIMes L0 P 83vF PUn
sTPo 9ot u} Russexd #P0e ATUGTORIL PU STBTOULY SUYY e POURIIAWIe
Troa Agatey 87 43 $ng '5I0w OTWOTOUTT Puw (Y0 PROSWIY jo WOPF9 RO Ay
WY UISTLINY JO Doiywadcg oyl uiwidxs o4 Peon woeq owl [(o) ewouse sTHL
*epIXOTr ueqeee Jo #so] Aq peasiYeF ‘spuoq signop pejeiun{uos esdqy Jo
wegeds 2agme Ul 2o oJmydng SATIVDIED O 0L POATIep sq S1trEed pInes
331 FApeotyvanay] *3ee3 sjogay o4y o3 puodses sepiaeoly? sw [ien o
#pton L3397 9ouys  *rosoaltd Jo uoIZEPIEC @Yl WOLJ @9tJaw joumsy epdyeprn
T3Pl pdE  TaeeTe suwer ou Agq 97 epfyapre I835%] €43 JO BOIIHRIGY
oyz Jo ustasyeek ol *{1¥%) TUIi0mes STAXI Oyl J0J oarenodsas T YITe
eplyapte wiipdgqids 2w DO IITINGPT Tea WIOFeIsw 10 jonpoad WWOIYTSING 54y
PEY £33 SNOJOUNG UT SAN230 WATOJOR WL #8383 {g9) Adymog “eIojzon
a#yio £q PR IIARIY uWeq §EY T3 PIOUSL IS0 T} UISTOLSw Jo edusvasd
oyz *avussoxd 8317 paNawd dawy few splgaplessyes 85 Jey 803 STInew
«TIOTES AP} IO0ASEOY *Tlos 9% 3¢ Twew parieds oyg vy ymemaad aq 3uIT:
UINLOJOV JO UOTILGTOIGes TIem v 3eyg eygwiexd aqind 81 31 *ew) Teom

TPIUMAW [WIDISEnS PIJORLIND BT UT Jtegeasd Fwa uINTOLIY

3] [uom

uepwytew periods pue uUSpeqULE [WioJsumDS WOLZ SepAuePle pemaoy #uj JO
WHETIWIITAILIITE TeoTsirsuw ayy WY pesn Sws POYRGW SIW] ‘Ter3iriqares Fuy
wlXes Y3 is 23009047 CCTFEITDTOO PRIOTEO JVOINIIIP WIDF JOIRM sepAURDTe
oMOWy JOC APIRPERLS JO 29TI8 ¥ Yiix posedwoo smm UMODRM 9y3 Jo gonaposd
UOTRUSTOPUSD BUG JO WAOJOIOTYO Ul LIT[IAN[OS PrE JOT0S eyl *pejoeqep
Fupeq s1 anyy eplyeprr o5y wodrn Fuipredep MECIJOLOIHD UT ST{UTOLTT

40 STARTOW JEYLTe ¥T DU JOTOD SZTHIIEP ® FEY POWIO] Jonpoad uoTIWAURD
-t Yy *jusived prew sneamgdyns UIEUON] WA TR POYeL] SJv O3UTTIINIP

o



41

the presence of wileraldenyde might be explained as originating
from & polyethenold acid in & sinilar menner to that ocutlined for the
farsation of aerolein fraa linolenie scid, Hither s Cyg, Cggs o gy
#oid with appropriately loented double bonde eould undergo sn oxidative
rupbture of the system of eonjugated dsuble donds, followsd by & loss of
carbon dloxide snd subsegquent formstion of the aldehyde guch as valoralde-

hyda, <or example an selid of the mwa geriez such sz octadscatrienocle

(A 937 §310, 12018) , copuctural isomeride of linelenie could cone
celvably form walernldehyde by & rupture of the bond between thae 12 and
13 carbon atems, Uf the 30 peresunt of ann fraction in menhaden oil anly
27 percent has been identified ss oleic aoid., Stingley (61) rsports a
treace of linoleie and 1t is quite probable that some linolenic acid ia
alse present, BSome of the isomerie forms of the different s.a»&_n san be
readily somverted from one to snether by the acticn of light {37)., It

is guite probuble that & €, ssid such ss ootadeostrienvic may be present

18
in small amounts whioh eould partially or totally asoount for the small
concentration of waleraldehyde detsoted from the spolled menhaden medd

fat, Hilditeh (37) hae recently pointed cut thet the analysis of the

eamposition of menheden oil as well as other marine oils is very income
plete sz far as the &iffsrent froctione are eoncerned, He reports that
the n,va
what these polyethencid acids sre is not mowm,

acids of menhaden oil are composed of olele and polyethenocid secids,

On the sssumption that an spprecisble cancentratian of aldew
hydes were present in the distillate from these meal fats, wnricus
reagents were used inm sn attempt to prepare suitable derivatives for
eharasteriging the sldehydes, Dimsthyldihydroresercinol ane of the most

sangitive aldehyde reagzonts was used but repestsd sttempts were uURSUCOSHS«
ful in ebtuining a condemsabise nrodust and establisniag the presonse of
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TABLE JX

The Amount, Color, and lodine Humbers
of the Lipid Fraetions (Wisirved from 100 Granms
of Commercial Honhaden Meal

‘ Compos) t1on '

Fraction Weight CImlewlated on Hasis Color lodine
?ﬂt‘r‘ Yoo

Uos.  Fercent Tersent

ileohel ethar extract 12,78 14.14 wa  dark brown 105
&, lecithin 1.7 1,98 14,02 lizht bLrown 120
b oephalin 0,11 0.2 0,98 yellow white 195
Acetone extract 788 8,68 61,38 brown red o~
By i“a‘hty acids 7.51 B85 58,90 yﬁilw 93

b, nussponifiable 0.54 0,58 2.69 browm -
Ether insoluble matter 1,53 1.69 12,00 1light browm 158

in slose agremment with the other analyses, the data in Table IX
show that the fatty aclde esenstituted the major portion of the total
noal extract, The ether inscluble fractian whioch represents about 12
porcent of the total extract has thus fear been unidentified, It was
later determined that the insoluble fraction eousisted largely of
resinous material,

The lodine mumbers for the lesithin snd cephalin fractions are
rather high indloating thet the fetty sold fragment in the leeithin or
cephalin molesule must be highly unsaturatsd, Diemsrs and Fox (58)
hawve proposed that lesithin and eephalin set as natural santioxidents but
very little is known of the mecheanism of this reasction., Ulcott (48)
haz stitributed all the antioxidant proparty of unpurified leeithin to
cephalin, Bull (15) reports that lecithin whioh contains highly une
saturated fatty acids, oxidises with amasing rapldity on exposure to air,

a pure ssuple of leeithin whieh is perfeetly clear and waxlike changes



to & yellow or browe colored produect in a few minutes, It may be
roasonsble to assume thut the oxygen is preferentislly absorbed by the
vansaturated fragments of lecithln or cephalin before the major portian
of the fatty acids of the glycerides are atiucked,

Tne leoithin and cephaiin frrcticas which were extracted were
definitely duarker in color then & freshly prepared produect, therofore
these fractions have alroady undergzone sonsiderable oxidation unleas
the goloration was due Ho extreacted pigments, The latter cenelusienm
soems wlid beeause the high lodine mumbers obtained for these froetions
indioates that very little oxidution has occourred in the eephalin and
locithin frastion end they therefore remaisn highly susceptible o
oxidation, The lus lodine number {ur the total fatiy 2¢ids on the other
hand would indicate thsat moleoular oxygen has deeresszed the unsaturation
of these zelds Yy addition at the ethenold linkegs, Apparsmtly the fatty
acids are oxidiaed before the leslithin and cephelia, and the shosvhow
lipids have not funeticned as sntioxidants in thiz instauce according
2o the comnomly ascepted theary,

{(b) Sross analysis of menhaden 91l and menl sxiracts,

Separation of the natural fat into its respective constituects
such as saturated and ungaturated seids and wesaponifiable mattor, L0,
is esamutial nmot only for determianing the complébe camposition buk also
in deberuining the soumpoeition of the Tatty acide, AfTter obtaining the
fatiy acids the correspondling nethyl astere can bo prejpared an? frectione
sbed, Analysile of the methyl ester Tractliors can be convenlantly employed
%o caleulate the percentsrss composition of aelids of a definite serles
Lthat are present,

Frailsisary experisments wers soadusted am cald pregoed menhaden

01l to gaia femiliarity with sose aagpects of the tsehniyne izvolwed inm
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isolation of the reapeetive fractions of menhaden oil, In the pro=
duetion of eo0ld pressed oil some alberation in the proportion of une
saturated sod setuwrated acids ig brought sboul due e the reseval of
the glycerides which are selid st 0% ¢, it appewrs, kowever, that this
altoration in composition is wotually very slight and ae & conseguence
the data om the cold preased il are lncluded for sumpurison wiih the
valuss obtained for coammereisl aed spoiled seal extract,

The meal extrects wers obialned witor seversal ewbrsctiocus
ol large gueatities of soumereinl ond spoiled menhsden meal with the
usual seivent mixters, Yor iselatlon of the Afforeut fractiems of the
wil, sssentially the sane procsiurs was uzol far the ocld pressed oil,
aabd bhe comseresal and spolled moal extracits, Ths sxbract or il was
sagonificd with ZX sleehclic XKOH aooording to the precsdure of Jleott
and Mattill (47). Afber rewowvel of the ethanol umder roduesd pressurs
and io e aleucephers of nltroges, the stapy were disselvsd la weter,

The uaseponilisvle matter was extractsd wilth dielhyl cther,



Talie X

Yislds and Iodine Bumbers of Compenent Yractione of
Cold Pressed denbaden 0ii, Comsereial end Spoiled Henheden Eewl Fabt

4¢

By Welzhk Todire
Component Grams L%ﬁwamt Smber
Cold preesed oil:
Cormmhined solde 4% 0 R o 4 Ta.8
Pnzaturated 330 .0 T4, 8O 257.0
Saturateod 112.9 BB L% ]
tngaponifisble natoer 10,4 2,08 -
dosinous material .,E2 73 08 -
Water ssluble freetism 43 60 g .82
Commercial meal fats
Combined aglds 2780 B3.74 7,8
neaturated 168 .0 81,9 1083
Saturated 104,45 8.4 18 .8
Unsaponifliabple matter 10,0 £ 56 G2 8
sesinous material T 0 ld 78 5740
kater soluble irsction 142,24 LB LUS
Spoiled meal fats
Combhined avids 2890 85,63 80,0
tnsaturated 187 ’t} 6‘&.1& 190 o«
Satwrated 92.3 31,98 1.2
Unsaponifiahle matbor 28,0 £,00 e
Resinsus matorial 50,0 §,.61 -
¥ater soluble fractiom 154.4 20,76
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The saponifiable material was acidified with 20 psrcent
sulphuric acid and the liberatsd fatty scids wore extracted with diethyl
sther, %The fatiy acids were geparated into ssturated acd unseturated
by the lead salte alechol method of Twitchell (67), the ccmpls teness of
separation bveing estimsted from & comparison of the jodine numbers of
the zuparsted solid acids,

The ylelds, percentages, sad jiodine numbers of the iselated
fraetions of celd pressed menhaden oil, commercial znd spoliled menhaden
moal extrects are presented in Tadle X, Ibn addition to the acids and
unsapenifisable matsrial there was also obtained an other insoluble
fraction listed as resinous material in Table X, This material was
suspended as & tarry zmes in the fatty scids alfter the latter were
liberated from the soaps of the oll or meal sxtract uponm addibtion of
20 pereent sulphurio acid, Uhen the tearry materisl was liberated from
the aeide by filtration it beceme relstively kedd and bBrittle on exposure
to the air, The iodine puaber of this matoriel &z reopresentsd in
Table X indicates that & small smount of unsaturated constituents are
present, The resinouves material from commearoial and spoiled meal sxitrset
osontained 1,50 and 2,78 percemt nitrogen respectively indleating that
appreciable smounts of protein degradsation products mhich were solveant
sud fat soluble were sbtalned from the meal during extraotion, Heslmous
material arises from o combdination of nitrogenocus byeproducts with
fatty constitusnts and is prodably reaponsidle for the decreaze in ether
extractable mnterial from meal during staragze or spolilage, Oshima snd
Sugawaro (48) sugzested that oxidation of the fatty seoids in the meal
fat to produse ether insoluble producte was responsible for the deercase

in other extract fram the {ish meal during storage, They found that the
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iedine and broasine wmlues decrsase upom storuze or oxidation of the meal
but the fres fatty acid wvalue changss wory little,

The proportien of total meids from the meal extracts was mush
less than that in the cold pressed menbadez oil, The formation of
reosinous material is partially respomsible for the decreass which suge
zests that this matorial was probadbly forwmed on eoxidation of the meal
fat resulting in a polymerisation of the unsaturated glycerides and
coxbination with nitrogen bearing saterial, Brows and Seal {(14) eone
dueting axperiments on the distillation of fatty seids of menheden oil
found that eonsiderable gquantities of tarry residue was formed through
an spparent pelymerisation of the unsatwrated eacids, The osters of the
acids, however, wore distilled almost to dryness witheut Iormstion of
the thick viscous liguid,

Approximately $0 percent of eold pressed oil is composed of
glyeerides asnd wsapmifisble material, The remaining 10 peroent, thas
nature of w:ich bas Beex incompletely determined, consists of some
glycerol, smell traces of exidized acids and watsr ascoluble material,
Sumzetion of the pereentages of the d4ifferent f{ractions of the meal
extracts as listed 1n Table X reveanled tiat sbout 2€ percent of water
soluble materinl constituted the remminder o7 t he total extract,
Although the constituents of the water soluble fraction have not been
completely idemtified in olther vase, the formation of degradetion
products eould reasonably asccount for scme of the watar soluble material
ebtalned in the squesus wash layer after treatment of the soaps of the
meal fat with w old to separate the fatty asida, Data ssouwsulated so far

indieates the probability of the farmation of apprsciadle smounts of
water soluble volatile aeidie maverial which mky eccouht for a portien
of this water soluble fraetion, The distillste fram the water extract
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of about 600 gms. of spoiled meal fat was found to have a phH of J.4 end
reguired 9¢.88 milleguivalents of sodium hydrexide Ior neutralizstion.
Concentration of ths neutrslized meterisl ylelded %74 yms. of residue.
Further work le being continued to characterize the constituents of this
watsr soluble materiasl.

& detersdnation of the lodine end ssponification nunbers of come
nercial and sypolled meal fad revealed that the latter was only alightly
wore oxidized thsn the cormercial wmeal fate The mesl fats are highly oxi-
dized in cosperison with the pressed cil on the besis of thelr iodine
nuntiers. Contrary to an originel premise it waz found thst the amount of
oxidation taking plece durling spollage of the mesl se indicsted by the
decrease in fodine nuxbers was not significsat. The spoilage yroeess in
the meal sppsrenily brought about relstively little further oxidstion. The
cold pressed oll whiel: has been freshly expressed has not undergone apjyrecie
gble oxidoabion through processing, but the meal el haes epparently been
altered by the oxldstion grocees brought about largely during the grimding
and drying preocess In the preparetion of the meal. Further oxidstion may
have oovurred in this meel duriang the short lnterval of storsge teo whieh
it gresumsbly bhad bewn expoesed subsequent to manufecture. The latter
concept seems leess likely dn view of the lact that data reported previcusly
have shown that the oxidation ¢f the fat in the ameal during storage at
ordinery temperatures ie not particulerly repidse The temperstures atteined
fn precessing the mesl are high encugh te produce repld exidestion. iuse
certibility to oxidation st elevsted tenperstures has bsen shoen by Brown
snd Deml (14} in the d¢istilletion of wenheden oil.

an impertsnst sssunption was reccgnized with refercence to the
chemical coxposition of wmesl fat: the residusl oil in the meal was con~

sidered to be similar to the cll that wes pressed out in the preduction
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